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About this Free Book Preview

This free edition of The Water Feature Designer’'s Handbook offers a curated
selection from the complete 680-page professional reference. Inside, you'll
find excerpts from design philosophy to system coordination, touching on
aesthetics, sustainability, stakeholder planning, fechnical foresight, and more.

Whether you're evaluating a conceptual design or refining a detailed system
layout, this preview will give you the foundation fo see water not just as an
element, but as an opportunity.

The complete edition includes:

e 20+ chapters with full design workflows
e 3 complete case studies

e Tools for calculation, component selection, rainwater offset, cost
planning, and contractor coordination

e |50+ diagrams, technical tables, and reference visuals
e Specifications for architects, engineers, and municipal reviewers

Beauty
Performance
Ecology

All in one system

Ready to dive deeper...

Unlock every chapter, every case study, and
every tool inside the complete handbook.

: Scan the QR code or head to LASquare.org to
order the premium print edition or a PDF e-book.
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Preface

Water has always held a unique place in our built environments—cooling the
air, grounding the senses, and connecting people fo place. But in foday's
world, it must do more.

This book grew from decades of practice, collaboration, and questions asked
on sites, in studios, and around community tables. What emerged is a guide
not just for designing beautiful water features, but for creating resilient systems,
where aesthetics, ecology, and performance coexist.

This free edition shares selected fragments of that story: principles that shape
better decisions, and examples that bring those decisions to life. It's for anyone
who sees water not as an ornament, but as an essential layer of landscape,
identity, and sustainability.

Pawel Gradowski

Author, Aquatic + Landscape Architect

Who this Book is For

This resource is built to support:
e Landscape Architects & Urban Designers: Integrate water intentionally
info master plans and detail phases

e Civic Decision-Makers & Developers: Make better choices about
infrastructure, public space, and ecological impact

° Engineers & Consultants: Coordinate systems that balance beauty,
cost, compliance, and functionality

e Design Students & Professionals: Build technical luency and creafive
strategy with real-world examples

e Aquatic Designers, Artists & Planners: Shape space with water as your
co-creator

For a complete e-book or printed edition of the handbook go to LASquare.org website Q
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Unleash Your Creativity

Dive into the world of water feature design with this comprehensive
guide crafted for both professionals and DIY enthusiasts eager to
create captivating, environmentally responsible waterscapes for civic
plazas, commercial campuses, and serene garden retreats.

What Awaits You Inside?

From the initial concept to final installation, this handbook equips you
with the essential tools, insights, and clarity needed to bring your vision to
life. Written in accessible language, it addresses the needs of architects,
landscape designers, engineers, confractors, and project managers
who aim to design, enhance, or maintain stunning water features.
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Why This Handbook is Essenhal

The Water Feature Designer's Handbook )
responds to the urgent global need for &
sustainable water infrastructure. With g
increasing concerns about water scarcity &
and biodiversity loss, this guide offers
practical strategies that incorporate bio-
filtration and energy efficiency.

Whether you're a seasoned professional
or just starting, this handbook promises
to elevate your design approach and g3
inspire innovative solutions. Don't miss the |+ ¥
opportunity to transform your projects ﬁ‘ .
into beautifully functional water features P
that resonate with communities and L
nature alike.

Abou’r the Author

| Pawel Gradowski (BCSLA, SACLAP, CSLA, IFLA) is an
occompllshed professional landscape architect and
» ¥ the founder of LASquare—a design studio focused on
# aquatic and civic environments. With over 40 years
# of hands-on experience across Canada, South Africa,
- and Europe, his approach seamlessly blends design
sensitivity with practical construction expertise.

Pawel’s careerencompasses a diverse range of projects, including civic
parks, campus landscapes, stormwater-integrated developments,
and commercial spaces. He's known for merging aesthetic clarity with
technical precision and environmental stewardship. His work regularly
incorporates advanced circulation systems, lighting, art integration,
and rainwater strategies—all designed for public impact and long-
term performance.

Driven by a passion for education and mentoring, Pawel wrote this
handbook to empower fellow designers, engineers, and planners
with practical tools for designing resilient waterscapes. It reflects his
lifelong dedication to craftsmanship, collaboration, and sustainable
excellence.

For a complete e-book or printed edition of the handbook go to LASquare.org website
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Key Features of the Handbook:

* Decades of Expertise: Benefit from over 40 years of practical
experience, with successful projects spanning North America, Europe,
and Africa.

e Structured for Success: The handbook is divided into three
comprehensive parts, design guidelines, technical design, and
practical applications, making it easy to follow and reference.

Professional & Industry Insight

This handbook was created for practitioners working across civic infrastructure,
commercial development, and urban renewal. It reflects decades of
experience and anticipates the growing need for sustainable water
infrastructure in design.

With global challenges such as water scarcity, biodiversity loss, and urban
heat increasing demand for eco-conscious strategies, The Water Feature
Designer’'s Handbook offers timely, practical relevance. It helps professionals
design more innovative systems—incorporating bio-filtration, energy
efficiency, and integrated rainwater harvesting.

Step-by-step planning, technical accuracy, and long-term usability are
prioritized throughout, bridging the gap between creative ambition and
engineering practicality. Whether you're a seasoned designer or developing
your first large-scale aquatic project, this guide provides enduring value.
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What is in full version of this Book
The complete handbook consists of three sections

Part One — Design Guidelines

Establish a solid foundation with five detailed chapters focused on:

*  Environmental & Climatic Analysis: Assess site conditions and rainfall impacts.

e Water Source Planning: Evaluate options for municipal, recycled, and
rainwater use while minimizing resource waste.

* Functional & Aesthetic Roles: Explore how water features can support
stormwater management, wellness, heritage, and placemaking goals.

e Technical Fundamentals: Learn about sizing ponds and pools, planning
circulation, and supporting aquatic life.

You'll gain a robust foundation to guide creative direction, prevent early-
stage missteps, and ensure long-term viability.

Part Two — Technical Design

Delve deep into the mechanics of water features across twelve chapfters,
including:

e Design Coordination: Structure site layouts to accommodate
mechanical, hydraulic, and electrical systems.

* Plumbing Systems & Equipment: Size pumps and pipes, design waterfalls
and surge tanks, and optimize flow dynamics across circuits.

e Water Loss & Filfration: Minimize evaporation and leaks through
wafterproofing strategies and water-level controls.

e Lighting, Artwork & Living Systems: Integrate underwater lighting,
sculptures, plants, and fish habitats with fechnical accuracy.

e Safety & Maintenance: Design for public accessibility, ecologicall
protection, and operational cost efficiency.

You'll gain actionable diagrams, formulas, and system strategies for creating
water features that are practical, resilient, and energy-aware.

Part Three — Practical Applications & Case Studies

Bridge theory and practice with a focus on real-world applications:

e Design Checklist: A structured, step-by-step guide from concept sketch
to construction details.

* Inspiring Case Studies: Discover transformative designs, including an
indoor fountain enhancing hospitality, and a civic plaza with integrated
rainwater harvesting.

e Conclusion & Best Practices: Final insights to help designers navigate
challenges and refine future projects.

You'll gain a proven methodology for applying design logic across scale,
budget, and landscape type—with lessons drawn directly from real sites.

For a complete e-book or printed edition of the handbook go to LASquare.org website g
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Table of Contents

The table of contents shown below comes from the full 680-page printed
edition of The Water Feature Designer’'s Handbook. In this free preview, you'll
find selected chapters and highlights that offer a taste of the complete
resource. If you're curious to explore the full tfechnical chapters, case studies,
and tools forreal-world projects, you can purchase the complete book online.
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This edition features select excerpts from

For the complete content, refer to the full printed or e-book editions.

Infroduction to Part One:
Conceptual Design Guidelines

Welcome to the first section of The Water Feature ;. T
Designer's Handbook. Part One is tailored T
for professionals working in the conceptual
design of water features—including architects, %
landscape architects, interior designers, and
developers. It offers clear, practical principles
that shape the creative phase of design while
sidestepping unnecessary jargon.

These five chapters establish a firm foundation
by moving from environmental insight to B8
technical awareness, helping designers make &
well-informed decisions from the earliest stages &
of a project. The focus is on system thinking, §
sustainability, and clarity—essential ingredients
in creating beautiful, lasting, and functional |
water features.

What You'll Find in Part One:

Chapter 1: Environmental Considerations

Understand how local ecosystems and environmental conditions inform the
sustainability of your design.

Chapter 2: Climatic Considerations

Learn how rainfall, femperature, and evaporation dynamics shape water
feature performance.

Chapter 3: Water Source

Explore sustainable sourcing—from municipal supplies to rainwater, recycled,
and saline water systemes.

Chapter 4: Functional Considerations

Examine how water can support stormwater management, recreation,
wellness, and cultural expression.

Chapter 5: Technical Considerations

Delve into spatial design, edge conditions, depth, weirs, aquatic life, and
water movement principles.

For a complete e-book or printed edition of the handbook go to LASquare.org website Q


https://lasquare.org/index.php/home/thehandbook/
https://lasquare.org/index.php/home/thehandbook/

Chapter 1: Environmental Con5|derahons

To truly appreciate the importance of B
water features, we must first understand ¢
the remarkable journey of water across &
the universe and its eventual arrival on
Earth. Water molecules originated during
the early stages of the universe when &t
hydrogen and oxygen atoms fused in g
the extreme conditions of stellar nurseries. g
These molecules then travelled through
space, transported by comets, asteroids, g4
and interstellar dust, finally reaching Earth %
over billions of years. This cosmic origin &
highlights the deep interconnectedness |
of Earth’s water with the broader universe, =& e
reminding us of the urgency of preserving ThIS vital resource. Additionally, |’r S
crucial fo recognize that we cannot arfificially create waterin large quantities;
we must rely on the finite amount we have on the planet. This reinforces our
responsibility to profect and sustainably manage our water resources for
future generations.

While water covers asignificant portion of the Earth’s surface, fresh waterisrare
and limited. Approximately 97.5% of the planet’s water is salt water, unsuitable
for human consumption or agriculture. Of the remaining 2.5% classified as fresh
water, most are frapped in glaciers, ice caps, or deep underground aquifers,
leaving less than 1% available in rivers, lakes, and streams. This already scarce
supply faces increasing pressure from population growth, industrial expansion,
and climate change. Due to ongoing climate changes, erratic precipitation
patterns exacerbate regional disparifies in water availability, emphasizing the
urgent need for sustainable management practices.

Historically, stormwater management primarily focused on preventing
flooding by quickly collecting and disposing of rainwater through
underground drainage networks. While these systems effectively reduced
the risk of immediate flooding, they often resulted in significant fluctuations in
downstream river currents, leading to river bank erosion and contamination of
ecosystems. Additionally, traditional methods often overlook the importance
of groundwater recharge. However, there has been a shift fowards more
sustainable practices in recent decades. The construction of detention
and retention ponds has helped slow down the runoff flow, allowing
water treatment to occur closer fo its source. Techniques like rain gardens,
permeable pavements, green roofs, and bioswales have been developed
tfo mimic natfural water cycles. Despite these innovations, adopting such
practices has been inconsistent, and many areas still rely on outdated systems
that contribute to water scarcity and pollution.

@ LASquare - Landscape and Aquatic Architecture https://LASquare.org +27 72-655-0911


https://lasquare.org/index.php/home/thehandbook/
http://lasquare.org
https://lasquare.org/index.php/home/thehandbook/
https://api.whatsapp.com/send?phone=27
726550911

The growing prevalence of impervious surfaces further intensifies aquifer
depletion by obstructing rainwater from seeping info the soil. Additionally,
excessive water consumption in households and businesses creates a cycle
of waste and scarcity, underscoring the urgent need for a comprehensive
reevaluation of water resource management. Urbanization and industrial
activities of the last 100 years have significantly worsened water pollutfion.
Runoff from impervious surfaces, like roads and rooftops, carries oil, heavy
metals, and other harmful substances into natural water bodies. Agricultural
practices worsen the issue by infroducing fertilizers, pesticides, and organic
waste info freshwater systems, resulting in eutrophication and degradation
of aquatic habitats. These contaminants can also infiltrate groundwater
supplies, posing serious risks to human health and ecosystems. Without
effective stormwater management and pollution confrol measures, water
quality continues to decline, threatening biodiversity and public well-being.

Moreover, extensive water use in industry and agriculture places immense
pressure on global freshwater reserves. Industrial processes—including
manufacturing, energy production, and mining—require large volumes
of water, often depleting local supplies. Agriculture is an even greater
consumer, accounting for approximately 70% of worldwide freshwater
withdrawals. Inefficient irrigation practices, reliance on monoculture farming,
and cultivating high-water-demand crops further strain these vital resources.
This overuse not only reduces water availability for other essential purposes
but also hampers the ability of ecosystems to function effectively.

Addressing these issues requires a multifaceted strategy. Bio-filtration systems,
such as constructed wetlands and vegetated swales, provide sustainable
methods for improving water quality. These systems reduce runoff volume
and enhance biodiversity and ecosystem resilience by utilizing plants, soil,
and microorganisms to filter pollutants. Promoting groundwater infiliration
through permeable pavements, infiltration frenches, and recharge basins is
equally important, as these methods help replenish aquifers and mitigate the
adverse effects of urbanization.

Conserving potable water is another vital strategy. This can be achieved
by retrofitting buildings with water-efficient fixtures, reusing greywater, and
incorporating rainwater harvesting systems. Collecting and storing rainwater
not only decreases reliance on municipal supplies but also aids in managing
stormwater runoff. Systems can range from simple rain barrels to large cisterns,
supplying water for irrigation, industrial processes, and even drinking when
properly freated.

Public education plays a crucial role in realizing these objectives. Awareness
campaigns can motivate individuals to reduce water waste, avoid polluting
water sources, and adopt sustainable practices. At the policy level, enforcing
regulations fo limit pollution and promoting the restoration of degraded
ecosystems are essential for protecting natural water bodies and aquifers.
Efforts fo conserve wetlands and riparian zones enhance natural filtration
processes and improve flood control, ensuring a long-term clean water supply.
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The pressing issues of water scarcity, pollution, and mismanagement require
urgent and integrated solutions. By merging natural processes, tfechnological
innovation, and public cooperation, we can develop asustainable framework
for water management that meets current demands while safeguarding this
invaluable resource for future generations. These initiatives are crucial for
fostering resilient ecosystems and ensuring the continued prosperity of human
society.

Water features serve as more than just aesthetic enhancements; they embody
a harmonious interaction between human design and the environment,
influencing ecological systems and community well-being. The design and
operation of water features must carefully consider environmental factors to
ensure their sustainability and effectiveness, highlighting the interplay between
natfural processes and built systems. Understanding this connection is essential
for creating features that delight the senses and confribute to environmental
health.

Environmental factors such as local climate, hydrology, and ecosystem
dynamics are critical in shaping water feature design. For instance, the
availability and quality of water sources dictate the scale and operation of
features. In arid regions, designers must incorporate water-efficient systems
such as closed-loop recirculation fo minimize water waste. Conversely, water
features can serve as integral components of stormwater management in
areas with abundant rainfall, capturing and storing runoff to reduce flooding
and replenish groundwater supplies. The local topography also influences
water features’ placement and flow dynamics, ensuring they harmonize with
natfural drainage patterns and avoid unintended ecological disruption.

The operation of water features has profound implications for the local
environment. Improperly managed systems can worsen water scarcity,
increase energy consumption, and lead tfo pollution. Poorly managed
evaporation, forinstance, can significantly reduce waterresources, especially
in hot climates, requiring frequent refilling that strains local supplies. Energy-
intensive features like large waterfalls or substantial fountains can confribute
fo greenhouse gas emissions if powered by non-renewable energy sources.
To mitigate these impacts, infegrating renewable energy systems like solar-
powered pumps and lighting can reduce the carbon footprint of water
features while promoting sustainability.

Water quality is another crucial consideratfion. Features incorporating
untreated water or insufficient filtration can become breeding grounds for
algae, bacteria, and pests, degrading aesthetfic appeal and ecological
health. Designers must implement robust filtration systems tailored to the
feature’s specific needs. Biofiltration, UV sterilization, and gravel-based filters
effectively maintain clean water while supporting biodiversity. Using native
aqguatic plants can further enhance water quality by absorbing nutrients and
reducing the risk of eutrophication.
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Beyond water quality, the physical design of water features can profoundly
influence local biodiversity. Features designed with varied depths and gentle
slopes can create habitats for aquatic and terrestrial species. Conversely,
steep-sided ponds or over-engineered systems may deter wildlife and reduce
ecological value. Incorporating features such as shallow margins, planting
shelves, and natural materials can enhance the integration of water features
intfo the surrounding environment, fostering habitats that benefit both nature
and people.

Sustainability also extends to water feature design materials and construction
methods. Locally sourced, durable, and non-toxic materials reduce
environmental impact and ensure the feature’s longevity. Additionally, the
choice of waterproofing materials can influence long-term maintenance
requirements and the feature's compatibility with adjacent landscapes or
structures.

The design of water features must also address broader environmental
challenges such as urban heat islands and climate resilience. Features
incorporating vegetation and evaporative cooling can help mitigate rising
temperatures in urban areas, improving thermal comfort for nearby residents
and reducing reliance on artificial cooling systems. Furthermore, features
designed to withstand extreme weather events, such as drought-resistant
planting schemes or overflow systems for heavy rains, conftribute to climate
adaptation strategies, ensuring the functionality and safety of water features
under changing climatic conditions.

Public interaction with water features adds another layer of environmental
consideration. Features designed for public engagement, such as those
encouraging fouch or proximity, must prioritize water hygiene to protect
human health. Conversely, ornamental features in high-traffic areas can
inadvertently accumulate pollutants, requiring careful management and
maintenance to prevent environmental contamination. Design strategies
that balance accessibility with protection, such as incorporating barriers or
dedicated access points, ensure these features remain safe and enjoyable
for the public without compromising ecological integrity.

Incorporating education intfo public interaction with water features can
significantly enhance the overall experience and awareness of environmental
stewardship. By showcasing how rainwater harvesting can benefit the project—
such as reducing the use of potable water and enhancing environmental
infegration—these features can serve as valuable educational tools.
Informative signage, interactive displays, and guided tours can illustrate the
importance of sustainable water management practices. This approach not
only fosters a deeper connection between the public and the water features
but also emphasizes the role of individuals in protecting water resources.
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Ultimately, integrating environmental consideratfions into the design and
operation of water features enhances their aesthetic and functional value and
ensures theirrole as sustainable elements within the built environment. By aligning
design elements with local environmental conditions and promoting ecological
balance, water features can be powerful tools for addressing pressing global
challenges such as water scarcity, climate change, and biodiversity loss. Through
thoughtful planning and innovation, water features can inspire a connection to
the natural world while fostering a sustainable future.

Chapter 2. Climatic Considerations

This chapter focuses on critical climatic factors thatimpact the design of water
features. Understanding local climate is essential for ensuring functionality,
longevity, and sustainability. Key considerations include precipitation patterns,
temperature fluctuations, evaporation, humidity, and wind, all of which can
significantly influence performance. Integrating these climatic factors into the
early design phase is crucial to prevent complications during construction
and maintenance. Neglecting to address them can result in operational
inefficiencies, increased costs, and potential damage. Therefore, a thorough
assessment of climate at the outset is vital for a successful and durable water
feature installation.

2.1. Climate

Climate considerations play a crucial role in shaping the technical aspects of
water feature design. Factors like rain intensity and frequency, temperature
variations, humidity levels, wind patterns, and sun exposure significantly
impact various aspects of the water feature, such as rainwater collection,
water evaporation, overflow sizing, and the selection of fittings for the
mechanical system. Therefore, understanding local weather patterns and
historical meteorological data is essential in creating a design solufion that
addresses the project’s potential opportunities and challenges.

A comprehensive climatic database is invaluable for various purposes,
providing essential information on femperature, precipitafion, and other
climatic factors. However, it is crucial to acknowledge that relying solely
on regional or generalized data might not capture the intricacies of local
microclimates. Temperature variations can significantly differ from broader
climatic averages in urban settings with distinctive features, such as extensive
paved and roofed areas. Therefore, while a broader climatic database is a
valuableresource, conducting athorough site analysis and collectinglocalized
data (rainfall, temperature, sun exposure, wind, humidity) becomes essential
to ensure a more accurate understanding of the specific environmental
conditions at the project site.
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In addition, with the recent changes in global climate patterns, historical
data alone may not suffice in predicting future weather conditions that
could influence the water feature’s functionality throughout its lifespan. While
we cannot predict the future with certainty, adding a safety margin to all
calculations during the design process is prudent to ensure the water feature
can withstand potential climatic variations and operate effectively over time.

Summary of Practical Guidelines:

* During the design process, evaluate key climate factors such as rain
intensity, frequency, evaporation rates, temperature variations, humidity
levels, wind patterns, and sun exposure.

e Gather up-to-date data from reliable sources to inform your design. Be
sure to consider potential climate changes in your calculations.

¢ Analyze localweather patterns and historical data to identify opportunities
and challenges specific to the location.

e Add a safety margin in your calculations to ensure that the water feature
can withstand climatic changes over time.

e Monitor evaporation rates and humidity levels to maintain the water
feature’s effectiveness, considering the local climate and seasonal
changes.

e Choose components for water feature designs that are durable and
suitable for the area'’s specific environmental conditions.

o Strategically place windbreaks, landscaping, or architectural elements
fo minimize water loss and enhance stability in areas prone to wind.

e Consider seasonal adjustments such as winterization measures to protect
against freezing temperatures in cold climates or preparations for drought
restrictions in dry regions.

2.1.1. Rainfall

Rainfall characteristics are essential considerations in water feature design.
The main characteristics of rainfall include:

Rain intensity is the rate at which precipitation falls, usually measured
in millimetres or inches per hour. High-intensity rainfall can lead to a rapid
increase in runoff accumulation or flow, potentially resulting in flooding.

Rain Duration represents the length of time rain persists during a single event.
Longer durations may lead to increased water accumulation and potential
flooding risks.

Rain frequency refers to how often rain falls within a specific fime frame, such
as annually or monthly. Understanding this frequency is important for assessing
how regularly rainfall occurs and for planning water storage to use during
periods of limited or no natural rainfall.
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Rain seasonality offers insights info the distribution of rainfall throughout the
year, highlighting seasonal patterns and potential prolonged periods of
drought. Understanding the duration of the rainy season in comparison to the
dry season is essential for effective water collection and storage planning to
prepare for dry periods or droughts.

Rainfall Depth refers to the total amount of rainfall received during a specific
time period, often measured in milimetres or inches. It influences overall water
availability and storage capacity.

Return Period is a statistical ferm that describes the average time interval,
in years, between rainfall events of a specific intensity or magnitude. For
instance, a 5-yearreturn period means that a rainfall event with similar intensity
is expected to occur, on average, once every five years.

It is important to note that the Return Period does not guarantee that the
event will happen exactly after that interval; rather, it reflects an average
expectation based on historical rainfall data. A 5-year return period also
indicates a 20% probability of such an event occurring in any given year,
while a 25-year event has a 4% chance of occurring in a single year. These
probabilities are calculated by analyzing long-term rainfall records, ranking
events by their infensity, and applying statistical models to estimate their
likelihood of occurrence.

Rainfall databases typically summarize important return periods, such as
5-year, 25-year, 50-year, and 100-year events, in order to provide useful data
for various applications. This information is essential for designing systems that
can manage exireme weather conditions. For example, it is crucial to assess
potential flow rates for a water feature during heavy rainfall to properly size
the overflow system, ensuring it can safely remove excess water.

The frequency and duration of rain events are equally significant, indicating
how often and for how long rain may occur within a specific time frame, such
as daily or monthly. This knowledge allows designers to assess the regularity of
rainfall and determine the water feature’s capacity and resilience to handle
varying weather patterns.

Itis also important to consider the seasonality of rainfall events, as this provides
valuable insights intfo the distribution of rainfall throughout the year. This
information is essential for designing water features that collect stormwater
for future use, such as replenishing evaporated water in ponds or supplying
irmgation systems. Understanding the timing for collecting water versus utilizing
the stored water is crucial for designing the storage tank, calculating the
collection area, and planning water usage during drought periods or when
rainfall is limited.
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Designers should obtain local rainfall data from relatable sources to properly
approach a water feature project. Local meteorological departments often
collect and publish historical rainfall data. Additionally, online weather
databases and climate studies may provide valuable information on regionall
rainfall patterns. Collaborating with local hydrologists or climate experts can
also offer useful insights info understanding the rainfall characteristics specific
to the project site.

However, its accuracy depends on the availability of long-term data and
the assumption that statistical properties remain constant over time. Recent
climate changes may require frequent revisions of these stafistics, so using
the most up-to-date data is crucial for accurate infrastructure design, risk
assessment, and climate change studies.

When evaluating the potential for rainwater harvesting, it's essential to
consider small rain events that produce water accumulation of less than
5 mm (or 4 inch). Such minimal amounts of rain may not yield a significant
volume of water to be viable for harvesting. Often, the runoff from these small
events is absorbed by surfaces such as porous pavement or soil, rather than
being collected for storage. This issue is further compounded if the surface
from which the runoff originates is warm, leading to increased evaporation
and decreased effectiveness of water collection.

% of
Rainfall Numl?er Eff'ecﬁve Effective Non-Effective
Month | accumulation ofDRcuny RANDeE Precipitation Precipitation
ays >5mm or
a inches
mm | inches days o mm | inches| mm [inches
Jan 0 0.0 4 0% 0 0.0 0 0.0
Feb 0 0.0 7 0% 0 0.0 0 0.0
Mar 35 13.8 9 60% 21 8.3 14 5.5
Apr 45 17.7 11 74% 33 51 12 4.6
May 80 31.5 10 75% 60 23.6 20 7.9
Jun 120 47.2 15 80% 96 37.8 24 9.4
Jul 80 31.5 10 80% 64 25.2 16 6.3
Aug 80 31.5 10 80% 64 25.2 16 6.3
Sept 60 23.6 8 80% 48 18.9 12 4.7
Oct 30 11.8 7 50% 15 5.9 15 5.9
Nov 25 9.8 5 30% 8 3.0 17 6.7
Dec 0 0.0 4 0% 0 0.0 0 0.0
Total 555 219 100 409 161 145 57

The table above provides an example of rainfall analysis conducted using
meteorological data to estimate rainwater harvesting potential and optimize
system design.
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This analysis includes the total monthly rainfall accumulation, the number of
rainy days, and the percentage of days when daily rainfall is sufficient for
effective runoff collection. Additionally, the accompanying diagram illustrates
the ratio of rainwater that can be effectively collected at this location.

By creating a database of historical
rainfall events and thoroughly analyzing
the current site  conditions and
environmental characteristics, designers
can effectively evaluate the feasibility of
a rainwater harvesting system and
determine the optimal size for a water
collection tank. By studying past rainfall
events’ frequency, intensity, and
duration, along with factors such as
surface areqa, catchment efficiency, and
water demand, designers can
recommend a rainwater harvesting
system that maximizes water collection
and usage. This proactive approach to rainwater harvesting promotes
sustainability and water efficiency, supports conservation efforts, and reduces
reliance on external water sources, fostering environmental responsibility.

Non-effective

Precipitation effectiveness for
rainwater harvesting

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

2.1.3.1 Evaporation

Evaporation is a significant occurrence affecting water features, and ifs
rate varies depending on geographic locations, local microclimate and
weather conditions such as temperature, winds, and humidity. Understanding
the nuances between daily, high, and annual evaporation is crucial for
comprehending the complex dynamics of water loss in different environments.
Daily evaporationrefers to the quantity of water that evaporates within a single
day, typically measured in milimetres or inches. It stands in contrast to annuall
evaporation, which signifies the cumulative water loss over an entire year.

A high evaporation ratio refers to a condition where the rate of water loss
through evaporation significantly exceeds the rate of water replenishment,
such as from precipitation or inflow. This metric is commonly used to evaluate
water availability and sustainability in an area, with high ratios indicating that
evaporation is a dominant factor in depleting water resources relative to the
total water supply.

In hot and dry regions with low precipitation, such as deserts, intense solar
radiation, high temperatures, and low humidity drive significant evaporation.
For example, in the Sahara Desert, where minimal rainfall occurs, water
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exposed to the surface, such as from ponds or reservoirs, quickly evaporates,
leaving little to no residual water. Conversely, a tropical rainforest region, like
the Amazon, may experience a comparable evaporation rate due to similar
factors such as high tfemperatures; however, this effect is offset by abundant
rainfall, which replenishes water bodies and maintains water availability
despite the high evaporation rate.

The key differenceliesin the waterbalance:inaridregions, the highevaporation
rafio exacerbates water scarcity, whereas, in humid areas with heavy rainfall,
it contributes to the natural water cycle without causing significant depletion.
This comparison underscores the importance of considering precipitation and
evaporation when assessing water resources in different climates.

A high evaporation rafio compares annual evaporation to a benchmark,
such as average precipitation or potential evapotranspiratfion, rather than a
measure of daily evaporation. To illustrate this concept, let’s take Las Vegas
as an example. The city experiences an annual evaporation of approximately
1,800 mm (74 inches) while receiving only about 100 mm (4 inches) of yearly
rainfall. This results in a high evaporation ratio, indicating that the amount of
water lost through evaporation greatly exceeds the amount of rain received.

However, this annual figure does not imply a steady daily evaporation rate.
The daily evaporation rate in Las Vegas varies throughout the year and is
influenced by seasonal changes and temperature fluctuations. For example,
the evaporation rate may be significantly higher during hotter months than
in cooler months. Thus, while you might calculate an average daily rate by
dividing the annual rate by 365 days—resulting in about 5 mm per day—this
average does not accurately represent the daily changes.

In hot and arid climates, such as desert regions, the average daily evaporation
rate can be notably high, reaching up to 6-10 mm per day or even more.
For example, in Phoenix, Arizona, which has a desert climate, the average
daily evaporation rate can be around 9-10 mm during summer. Similarly,
evaporation rates can range from 4-8 mm per day in regions with hot and
humid climates, like tropical areas. In confrast, in temperate climates with
milder tfemperatures, such as in Europe, the average daily evaporation rate
may be around 2-4 mm per day. Understanding these evaporation rates is
crucial for water feature design and management, as it helps determine
water loss and the need for regular replenishment or rainwater harvesting to
ensure the water feature’s sustainability and optimal functionality.

It is essential fo consider that localized temperatures, influenced by specific
conditions like the heat-island effect in urban settings, can significantly impact
evaporation. These temperature variations influence the local microclimate,
play a crucial role in shaping local wind patterns, and affect the evaporation
rate. Therefore, the interconnected factors of temperature, wind behaviour,
and evaporation rates should be carefully examined when assessing
evaporation dynamics in a partficular location.
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When collecting data, it's essential to differentiate between evaporation and
evapotranspiration. Although both processes involve the conversion of water
info vapour, they operate differently. Evaporation refers to transforming water
from non-living surfaces, such as paving or bodies of water, info vapour due
fo heat exposure. In contrast, evapotranspiration is a broader term that
encompasses the total water loss from both evaporation and the release of
water vapour from living organisms, especially plants, through a process
called transpiration. Understanding and accurately distinguishing between
these two processes is crucial for effective data interpretation and analysis.

Pan-evaporation is the most effective
method for estimating local evaporation
from a water feature. This approach
involves measuring the rate at which
wafter evaporates from a standardized
pan exposed to the atmosphere. The
pan, made of consistent material, is
strategically placed in an open area
to allow for natural evaporation. The
data collected, typically expressed in
millimetres orinches of water evaporated
over a specific period, offers a reliable indicator of atmospheric conditions.
The standardized nature of the pan makes it particularly suitable for estimating
evaporation from water features, providing valuable insights into regional
climatic conditions, and facilitating accurate planning for agricultural, water
resource, and environmental management purposes.

When local data on evaporation rates is unavailable, a simple and effective
method to estimate evaporation is the bucket test. This involves placing a
bucket at the location of the water feature, filling it with water, marking the
initial water level, and monitoring the water level over time as it decreases
due to evaporation.

When conducting the fest, it's important to consider several factors: the
duratfion of the test, the proper placement of the bucket, and the effects of
temperature and humidity. Additionally, any rain during the testing period can
affect the results, as the bucket may collect precipitation. While the bucket
test has limitations and may noft yield highly precise data, it is a valuable step
in estimating water loss due to evaporation. Overall, it offers a practical and
low-cost way to gain a rough idea of the evaporation rate in a specific area.

Evapotranspiration values are crucial for accurately estimating water losses
from planted areas, as they provide a comprehensive measure of the water
removed from the soil and plants through both evaporation and transpiration.
By understanding these values, landscape designers and water management
professionals can determine the amount of harvested rainwater needed to
meet irrigation requirements for maintaining healthy plant growth and optimall
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landscape conditions. This information is particularly valuable in developing
rainwater harvesting strategies, ensuring that plantsreceive adequate moisture
without overwatering, which can lead fo runoff and waste. By integratfing
evapofranspiration data into the planning of rainwater harvesting systems,
one can achieve a more efficient water management strategy, enhancing
sustainability and reducing overall water consumption in landscaped areas.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

Chapter 3: Water Source

Water is the vital essence that breathes life info any scenery, serving as
the fundamental element that brings it fo life. The sources of water used in
water features can be diverse and range from sustainable practices such
as stormwater harvesting and borrowing-and-returning water from natural
bodies like rivers, lakes, or the ocean to uftilizing underground aquifers through
the use of boreholes, and in many urban settings, tapping into municipal
potable water sources. A comprehensive understanding of these various
water sources is critical when designing water features, which must align
with sustainability goals fo maximize efficiency and ensure responsible water
management practices.

Stormwater Harvesting Systems:

Stormwater harvesting has become a highly regarded and sustainable
method for obtaining water for various human needs, such as landscape
irrigation, toilet flushing, and other applications. These systems offer a viable
alternative to traditional water sources by capturing and storing rainwater
runoff. The benefits of stormwater harvesting include decreased reliance on
municipal water supplies, reduced stormwater runoff, and promoting water
conservation through education.

Each rainwater storage facility, whether a large container, an open pond, or
an underground tank, serves as a unique water feature. These facilities require
careful design and a comprehensive maintenance plan to ensure the stored
warter remains suitable for its infended uses.

Borrowing-and-Returning Water:

An alternative approach to sourcing water for water features involves the
practice of borrowing-and-returning water from natural bodies such as
rivers, lakes, or the ocean. This method may involve securing the necessary
permits fo use water from these sources tfemporarily and then returning it in a
controlled and regulated manner. By sustainably sourcing and returning water
from natural bodies, we can achieve a solution that minimizes environmental
impact. However, the quality of the returned water must match or exceed
that of the source. Adequate filtration measures may be required, and
chemicals may be restricted to ensure that the water returned to the natural
source remains untainted and free from contaminants.
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Natural Springs, Wells and Boreholes:

Areas with access to underground aquifers through boreholes, wells, or natural
springs present a viable opfion for sourcing water for water features. These
systems may involve the process of driling deep intfo the ground fo tap info
the reserves of groundwater. Natural water sources can provide a reliable and
self-sustaining supply, decreasing dependence on external water sources.
However, it is essential to consider the potential consequences of aquifer
depletion. Many aquifers have been gradually collecting water over extended
periods, often spanning hundreds or thousands of years, through the slow
process of water percolation through the Earth’s crust. Depleting this valuable
resource without ensuring its replenishment poses a significant sustainability
concern. Proper measures must be taken to manage and monitor water
extraction through boreholes and wells to avoid potential environmental
impacts and ensure the long-term viability of the aquifer system.

Municipal Potable Water:

In urban areas, municipal drinking water is usually the main source for water features.
While this water is easily accessible, treating it for sanitation is often costly and
resource-intensive. Many water features, however, do not require potable water
since they are not designed for direct human contact. This raises an important issue:
using municipal potable water for water features can be wasteful and unnecessary.

When deciding to use potable water, it's vital to consider the significant
environmental impact and strain it places on municipal water resources.
Infegrating water conservation measures is essential to minimize water waste
and promote responsible usage.

As we embrace sustainable practices, exploring alternative water sources for
water features is increasingly advisable, gradually moving away from relying
solely on costly potable water unless necessary. By opting for these alternatives,
we canreduce the burden on municipal supplies, lower operational costs, and
enhance the overall sustainability of water feature design and maintenance.

Greywater Systems:

Graywater refers to wastewater from household activities such as bathing,
laundry, and dishwashing. It may contain fraces of soap, detergents, oils, and
other household chemicals. While graywater can be treated and reused for
non-potable purposes like irrigation or toilet flushing, it is generally unsuitable
for water features due to potential contaminants. Graywater may still contain
chemicals and impurities that can adversely affect water quality and pose
risks to aquatic life and ecosystems within the water feature. However, in
exceptional cases, harvested graywater may be considered for use in water
features if a methodically designed and controlled system is in place to
address these contaminants effectively. Such a system would incorporate
advanced filfration and freatment methods to ensure the greywater is free
from unpleasant odours, discoloration, or negative effects on water quality.
Implementing strict monitoring and maintenance practices is crucial fo ensure
that the graywater remains safe, visually appealing, and environmentally
sustainable for use in water features.
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Integrating Diverse Water Sources:

Designs for water features can effectively utilize multiple water sources based
onthelocal climate and seasonal changes. Forinstance, an ornamental water
feature may primarily rely on rainwater harvesting. However, relying solely on
rainwater may not be enough for year-round operation in areas with limited
rainfall. To overcome this challenge, the design should maximize the use of
harvested rainwater and incorporate alternative sources, such as boreholes
or municipal water, as a last option when necessary. These alternatives can
be tapped into, particularly toward the end of the dry season. This approach
ensures efficient water conservation and resource use throughout the year.

Choosing the right water source for water features is essential for effective
design and implementation. When designed thoughtfully, water features can
positively impact the environment while conserving precious water resources.
Sustainable practices help in water conservation and enhance local
ecosystems by creating habitats and providing drinking water for wildlife.
Moreover, these features serve as captivating focal points that enrich outdoor
spaces. By carefully selecting and managing water sources, we can ensure
that these installations contribute to cooling and purifying the air, all while
masking urban noise with the soothing sounds of flowing water. In this way,
wafter features become a harmonious blend of beauty, functionality, and
environmental stewardship.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

Chapter 4: Functional Considerations

Water features, including ponds, fountains, and waterfalls, play a vital role
in enhancing both urban and rural environments. They offer a range of
environmental and community benefits. While they contribute to aesthetic
appeal, water features also perform essential functions such as stormwater
management, rainwater collection, and the creation of microclimates.
Additionally, they provide opportunities for recreation and support wildlife in
urban areas.

In the previous chapters, we discussed the importance of infegrating water
features with the surrounding environment, the availability of water sources,
and the site’s climatfic conditions. However, it is equally vital to determine
the water feature’s primary and potential multiple functions. These functions
will guide decisions regarding the pond'’s size, shape, and location and the
surrounding elements that define its context.

This book section will discuss various functional aspects of water features and
illustrate how these functions can be effectively incorporated info design
practices.
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Functions of Water Feature

A water feature can serve one or multiple functions simultaneously. Whether
providing aesthetic appeal, improving air quality, creating habitat, or
managing stormwater, each function requires careful consideration and
integration into the overall design. Resolving the delicate balance between
these considerations is crucial to ensure that the final product is flawless
and effectively meets the infended goals. This includes optimizing the water
feature’s size, shape, and placement, selecting appropriate materials and
technologies, and incorporating necessary features such as filtration systems,
aeration mechanisms, or components that support wildlife. By addressing alll
functional design considerations with professional expertise and attention
to detail, the designer can create a water feature that meets its infended
purpose, harmoniously infegrates with the surrounding environment, and
enhances the overall user experience.

Below is a list and brief descriptions of the five key functions inherent in natural
and constructed water features. These functions yield many benefits for the
environment and individuals engaging with these capftivating elements. The
following sections of this chapter provide a detailed overview of the five
groups of functional considerations, each further subdivided into specific
categories. At the end of each subdivision, a set of guidelines facilitates
practical application.

Stormwater Management:

Ponds holding a significant volume of water play a crucial role in managing
stormwater by collecting and discharging rainwater. These include various
natural or man-made ponds, such as detention ponds, retention ponds, and
infiliration ponds. Detention ponds temporarily store excess water and release
it slowly to prevent flooding. Retention ponds, on the other hand, collect and
store rainwater for future use. Infiliration ponds, also known as rain gardens,
infiltration wells, or trenches, facilitate the percolation of rainwater into the
ground.

Environmental Function:

Water features have significant environmental benefits. They contribute to
habitat creation, providing a suitable environment for various aquatic and
semi-aquatic species. They also provide a cooling effect, mitigating urban
heat-island effects and reducing ambient temperatures in the surrounding
areas. Water features in architecture and urban settings improve air quality
by capturing and filtering pollutants. They attract wildlife, support biodiversity,
and help control erosion by reducing the intensity of surface runoff collected
after heavy storms.

Water Quality Maintenance:

Water features contribute to maintaining water quality through various
mechanisms. Bio-filtration ufilizes natural processes where vegetation and
microorganisms living in water purify its quality and remove contaminants.
Aeration techniques such as waterfalls, fountains and tumbling streams
infroduce oxygen into the water, promoting healthier aquatic ecosystems.
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Mechanical filtration systems utilize various types of filters fo remove delbris and
impurities, ensuring clean and clear water. In rainwater harvesting systems,
a small water feature incorporated intfo a large underground water storage
provides a practical monitoring and filfration opportunity fo ensure the quality
of stored water.

Sport and Recreation:

Large water features can provide recreational opportunities. Swimming pools
or water-related sports and recreation facilities serve as arenas for various
water sports and leisure activities. In colder climates, these water features
can be transformed into ice-skating rinks during winter, allowing for seasonall
recreational enjoyment.

Cultural:

Water features hold cultural and aesthetfic value, enhancing the visual
appeal of landscapes and architectural designs. They serve as artistic
elements, incorporating water as a medium for creative expression. Water
features create a franquil and relaxing ambience, offering a sense of serenity
and escape from the stresses of everyday life. The sound of flowing water
can also mask unwanted noises, providing a more peaceful environment. In
some cultural and religious practices, water is used ceremonially, symbolizing
purification, renewal, and spiritual connection.

Water features have a transformative impact, whether employed for practical
reasons like stormwater management and water quality maintenance or for
cultural and recreational purposes. They often serve multiple functions
simultaneously, offering a harmonious blend of practicality and aesthetic
appeal. By integrating these capftivating elements into our surroundings, we
elevate the quality of our living spaces, foster a deeper connection with
natfure, and enhance our overall physical and mental well-being.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

4.3.1 Bio-filtration

This natural and sustainable water purification method uses living organisms,
including plant materials and beneficial bacteria, to remove contaminants
from water. These microorganisms break down organic matter and metabolize
pollutants, making the water cleaner. As a result, water quality improves by
reducing excess nutrients and harmful substances, which helps eliminate food
sources for algae and absorbs potentially dangerous contents like dissolved
sewage.

Bio-filfration has several advantages. First, it is efficient and cost-effective,
requiring less energy and maintenance than other filfration methods.
Furthermore, it helps preserve biodiversity and ecosystem health by creating
a supportive habitat for beneficial organisms.
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Bio-filfration is typically integrated into water features by planting materials
info ponds or infroducing beneficial bacteria into the circulation system. It
can also be achieved by incorporating floating islands planted with beneficial
plants.

To enhance nutrient absorption from water, plant vegetation in sandy soil
that may be mixed with fine gravel. This combination allows for better water
flow through the soil and promotes the development of large and healthy
root systems. Avoid using nutrient-rich soil, as nutrient-poor soil facilitates
more effective absorption of dissolved nutrients in the water. Additionally, the
existing nutrients in rich soil can encourage algae growth, which may lead to
an overabundance of food for algae instead of keeping the pond clear.

When using beneficial bacteria, select pond-safe bacterial supplements from
frusted aquatic stores or suppliers, and follow the application instructions
carefully; these can either be added directly to the water or applied to bio-
media such as gravel beds or inline systems within the filtration circuit setup.
Gravel beds and inline systems provide surfaces for bacteria to thrive,
enhancing their ability to filter the water effectively. To promote bacterial
growth, ensure proper aeration and maintain balanced water conditions,
including pH and nutrient levels. Additionally, reapply the bacteria after
cleaning or changing the water to ensure the system functions efficiently.

Boulders slow down water flow

Sand and grovel soil fociitates roots
S absorbing nuirients from water
Bic-filtration planter Bic-filtration planter

Muximlrrﬁ““-kx
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Summary of Practical Guidelines:

* |dentify suitable locations based on fopography, drainage patterns, and
proximity to pollutant sources.

e Design the bio-filtration structure to accommodate anticipated water
volumes and align with freatment goals.

* Facilitate water flow and maximize filtration efficiency through proper
grading and slopes.

e Control water flow, promote sedimentation, and prevent untreated
water from bypassing the system.

e Incorporate sediment traps, trash catchment systems, and settling basins
fo remove large debris and sediments before water enters the system.

* Use native plants and wetland species with strong filtration and pollutant
removal capabilities.

¢ Use sandy soil mixed with fine gravel to enhance water flow and support
the development of large, healthy root systems.

e Select nutrient-poor soil to improve the absorption of dissolved nutrients
from water and minimize algae growth, maintaining clearer pond water.

* Use pond-safe bacterial supplements as directed, adding them to water
or bio-media like gravel beds or inline systems, while ensuring proper
aeration, balanced pH, and nutrient levels; reapply after cleaning or
water changes to sustain effective filtration.

e Regularly manage vegetation, remove sediment, and conduct
inspections to ensure optimal system performance.

e Ensure dissolved chemicals in runoff or added water do not harm the bio-
filtration vegetation.
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The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

4.5.1.4. Natural Swimming Pools

Natural swimming pools provide various design options that emphasize bio-
filtration rather than chemical freatments, offering a swimming experience
similar to that of a natural lake.

Typically, a natural swimming pool consists of two main zones: swimming and
regeneration areas. When determining the swimming area'’s size, shape, and
depth, it'simportant to balance the owner’s preferences with the requirements
of the regeneration zone, which plays a crucial role in water purification.
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The regeneration zone typically consists of a mixfure of gravel and sand beds
planted with aquatic vegetation. Water flows from the swimming area infto
this zone and passes through the plant’s root systems. These plants play a
crucial role in purifying the water by absorbing nutrients and organic matter,
especially in a nutrient-poor environment. This infentional design ensures clean
and clear water and creates a thriving habitat for various aquatic plants and
microorganisms.

Using nutrient-rich soil in this zone can undermine its purpose. In such cases, the
plants would absorb nutrients directly from the soil rather than from the water,
decreasing their effectiveness in maintaining water quality. Additionally,
nutrients leaching from rich soil can promote algae growth, which increases
the risk of infestations and compromises both the clarity of the pool and its
ecological balance.

The optimal ratio of the swimming zone o the regeneration zone can vary
depending on the specific design and project needs. Key factors include
wafter volume, plant selection, and desired water clarity. A common guideline
suggests that the regeneration zone should equal approximately 50% to 70%
of the swimming surface area of the pool. Additionally, it isrecommended that
the swimming area have a minimum depth of two meters to support proper
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functionality. This ratio and depth form a strong foundation for a natural pool
that relies on efficient filfration processes. If mechanical filtration systems are
infegrated info the design, the regeneration area can be reduced, and the
pool may not need to be as deep.

Aquatic plants are crucial in natural swimming pools, serving functional and
aesthetic purposes. These plants are essential for maintaining water quality
by facilitating natural filtration, oxygenating the water, and supporting a
balanced ecosystem. They absorb excess nutrients, such as nitrogen and
phosphorus, which help prevent algae growth and provide habitats for
beneficial microorganisms that enhance the pool's ecological balance.
Aquatic plants used in natural swimming pools are typically classified info
different groups based on their growth habits and functional roles:

* Emergent Plants: These plants grow in shallow water, with their roofs
submerged and foliage above the surface. They stabilize the pool's
edges, provide shade, and help absorb nutrients.

e Submerged Plants: Fully rooted underwater, these plants oxygenate the
water and offer habitats for microorganisms that aid in natural filtration.

e Floating Plants: These float freely or have roots suspended in the water.
They provide surface coverage, which reduces evaporation, shades the
water to inhibit algae growth, and absorbs excess nutrients.

* Marginal Plants: Growing along the edges of the regeneration zone,
marginal plants create a visual fransition between the pool and the
surrounding landscape while contributing to nutrient absorption and
erosion control.

When selecting aquatic plants for natural swimming pools, choosing species
suited fo the local climate and environmental condifions is essentfial. Plants
should be noninvasive and ecologically compatible to ensure they do not
disrupt the natural balance or spread beyond the intended area. Their
combination and placement are carefully planned to maximize filtration
efficiency, enhance biodiversity, and create a visually appealing, harmonious
environment. For more information about infroducing plant material into the
pond, see Chapter 16 - Infroducing Plant Material into Water Features.

Water quality in natural swimming pools relies on bio-filtration systems that
treat the flowing water rather than chemically freating the entire pool. This
approach keeps the water clear and purified, making it safe for swimming
and allowing the ecosystem fo remain balanced.

A typical feature of these natural swimming pools and ponds is the potential
for a thin layer of algae to develop on the walls and surfaces. While the water
is clean and filtered, it remains suitable for algae growth, which is essential for
the proper functioning of the bio-filtration system. Any freatment that harms
the algae could disrupt this delicate ecosystem.
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Additionally, some microscopic algae particles may remain suspended in the
water and not be filtered out, causing a slight greenish fint, even though the
water is clear. This tint is a normal and harmless byproduct of natural filtration
methods and reflects the pool's commitment to a chemical-free, ecologically
harmonious design.

Classifying natural water ponds can vary across different sources. This
handbook categorizes these ponds into five distinct types, each with unique
features and considerations.

Type 1 - Pond-like Pools (Oasis Pools)
These natural swimming ponds |
are designed as one body of —-
water, integrating a swimming
area with a larger regeneration N, > ‘
zone. To ensure that the water -
remains clean and clear, the Type 1
area for aquatic plants and

microorganisms  should  be

approximately twice the size of

the swimming space. These pools rely solely on natural water circulation through
aquatic plants and biological processes, without using a water circulation pump.

Type 1 ponds mimic natural wilderness ponds, allowing swimmers to interact
closely with aquatic vegetation. This nature-inspired design fosters a unique
connection to the environment, but it requires careful management to keep
the regeneration zone functioning properly. Swimming activities need to be
monitored to avoid damaging the aquatic plants, which are vital for water
purification and maintaining ecological balance. Thoughtful placement of
entry points, designated swimming areas, and protective measures is essential
to preserve the plants while enabling a harmonious interaction between
recreational activities and natural processes.

Type 2 - Biotop Pools (Swim Ponds)
Biotop Pools, are characterized
by a clear separation between
the swimming area and the
regeneration zone. Like Type 1
pools, the regeneration area
should also be about twice the Type 2

size of the swimming space. This

separation allows for unrestricted

swimming while safeguarding the

aqguatic plants in the regeneration zone from physical disturbances. Water
natfurally circulates between the swimming area and the regeneration zone,
enabling the plants and microorganisms to purify the water effectively.
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This design simplifies the maintenance of [
wafer quality and enhances the longevity =
and efficiency of the regeneration system,
creafing a balanced environment for both
swimmers and the pond’'s ecosystem.
The regeneration zone can be positioned
adjacent to or wrapped around one side of
the pool. Similar to Type 1 pools, Biotop Pools £
do noft rely on forced circulation; instead, |
water purification occurs through the natural
movement of water between the two areas.

Both Type 1 and Type 2 natural swimming ponds benefit from simple,
uncomplicated shapes. This design promotes easy, natural water movement
between the swimming area and the regeneration zone. Complex shapes
can hinder this flow, reducing the effectiveness of nutrient exchange and
water purification. An effective layout places the regeneration zone close
to or surrounding the swimming area, enhancing interaction between the
two zones and allowing water to circulate freely and consistently, thereby
improving filfration and maintaining water quality.

These pools often incorporate natfural features such as rocks and logs,
creating wildlife habitats and contributing fo a more authentic and peaceful
environment. Selecting the right plants is crucial for maintaining clear and
clean water, as these plants absorb nutrients and impurities from the water.

Type 3 - Hybrid Pool

This type of pool combines
natural  filtiration ~ methods Wiy R
with conventional pool w o= =
equipment. It typically includes = | o

a mechanical filirafion system, '

such as sand or cartridge filters,

along with a regeneration 4= =
zone. The separation between

the swimming area and the

regeneration zone is more distinct, and the water is mechanically pushed
through the bio-filiration zone. This hybrid approach enhances water clarity
and allows for befter control over water quality.

One variation of this system is the Overflow Pool, where water continuously
flows from the swimming area intfo the regeneration zone. This constant
overflow helps maintain water balance and ensures effective filtration and
aeration. Type 3 may appear quite similar to Type 2, but the key distinction lies
in the mechanical circulation of water. In Type 3, water is actively circulated
from the swimming zone through both bio-filtration and mechanical filfration
systems, which sets it apart from Type 2.
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Type 4 - Integrated Pool or Naturalistic Pools
This type of natural swimming
pond is similar to Type 3, where

[T RTARY
WAV TAYT
Ay

water is mechanically pushed _E& o =
through the regeneration zone. o |
However, the main distinction Type 4

between Type 3 and Type 4 is 4= -

the location of the regeneration

zone, which is seamlessly

infegrated into the surrounding landscape. In this design, the swimming area
is separate from the regeneration zone, resembling a fraditional pool. Water
is pumped through underground plumbing to undergo natural filtfration and
purification processes before being returned to the swimming area. These
pools often incorporate natural materials such as stone and wood in their
construction. Integrated pools provide the benefits of a natural swimming
experience while offering the convenience of a designated swimming zone,
allowing for various activities without damaging the vegetation.

Type 5 - The Biological Filter Pool
This type of swimming pool features
a unique design that utilizes a
large biological filter for water 1 I S—
purification rather than relying on = ‘w = -i-i
a separate planted regeneration Type 5 ]

zone. These pools aim to create

a clean and natural swimming | - ' - ‘

environment  while  minimizing ' : == ————

vegetation maintenance in the

regeneration zone.

Bio-fillar

The biological filter consists of various filtfer media and colonies of beneficial
bacteria. Together, they effectively remove impurities and maintain water
clarity. This configuration allows for greater flexibility in the layout of the
swimming area since a vegetated regeneration zone is nof required.

The biological filter container is typically a closed unit designed to house the
filter media and beneficial bacteria. It can be constructed from materials like
concrete, fibreglass, or plastic. This container is connected to the swimming
pond via a pump and piping system that circulates water through the filter.
The closed design of the contfainer enables better control over the filtration
process by maintaining optimal water temperature, oxygen levels, and
bacterial activity. Additionally, it prevents debris and contaminants from
entering the filter, which could disrupt the biological process.

The size of a biological filter container depends on several factors, including
the volume of the pond, the organic load, the water temperature, and the
type of filter media used.
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A typical design will include a filter volume of 10-20% of the pond’s water. This
helps ensure enough biological filfration capacity to maintain water quality.
To enhance the filter’s efficiency, the water flow rate should be 1-2 tfimes the
pond volume daily, promoting effective filtration.

Selecting the appropriate filter media, such as K1 media, lava rock, or bio
balls, is crucial, as it provides a large surface area for beneficial bacteria to
colonize. Furthermore, a deeper filter container improves water stratification
and oxygen exchange, enhancing bacterial growth. Regular maintenance,
including backwashing, replacing media, and cleaning the container, is
essential to prevent clogging and ensure optimal filiration performance.

Summary of Practical Guidelines:

* |dentify the most appropriate type of natural swimming pool considering
sife  conditions, unique features, client preferences, and budget
constraints.

» Determine the ideal size, shape, and depth of the swimming area based
on the regeneration zone's requirements for effective water purification.

e Create a regeneration zone using gravel or sand beds planted with
aquatic vegetation to filter and maintain water clarity.

e Design the regeneration zone to be nutrient-starved fo allow plants to
function as a natural filtration system.

e Select appropriate native aquatic plants that absorb nufrients and
organic matter to purify the water.

e Incorporate natural elements such as rocks, logs, and other features
fo enhance wildlife habitats and create a more serene and authentic
environment

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

4.6.2. Incorporating Art into the Water Feature.

A successful collaboration between the water feature designer and the
arfist responsible for artistic elements is essential for achieving a seamless
integration of art and water. Chapter 14 — Integration of Artwork into Water
Features provides in-depth insights and commentary on this vital coordination
process. Poor coordination can result in unpredictable and undesirable
consequences, such as water loss, compromised public safety, or damage to
the artwork or the overall integrity of the water feature.
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The interaction between
water and art requires
careful consideration to
avoid issues such as
unwanted water stains on
sculptures, unexpected
changes in water colour
due to rust or mineral
deposits, and disruptions
to the carefully designed
water circulation in the
pond. Technical aspects,
such as the installation of
the art piece within the
water feature, must be meticulously planned fo maintain the structural
integrity of both elements. Proper waterproofing and fitting are crucial for
achieving a seamless and harmonious appearance, preventing disjointed or
mismatched outcomes.

Summary of Practical Guidelines:
e Collaborate closely with artists to align technical design aspects with their
artistic vision.

e Ensure seamless integration of the art piece into the water feature design.

* Addressfechnical challenges, including structuralintegrity, waterproofing,
and water circulation.

» Evaluate the overall fitting of the art piece within the water feature.

The following section skips ahead to a selected excerpt.
Additional subchapters are available in the full edition.

5.3.2. Shallow-Water Considerations

Shallow ponds are often
appealing, drawing people
and wildlife to interact with
the water. They offer numerous
benefits, but it is essential §
to consider some potential
associated challenges, as these B3
can lead to problems. Below |

is a brief overview of the issues
related to shallow-water ponds.
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Public Safety

Shallow water in a water feature has a natural allure that may entice visitors to
walk in the pool. While no specific depth can entirely prevent this, maintaining
a water depth of around 15 cm (6 inches) that requires submerging shoes can
naturally limit people from walking on the pool floor. In cases where shallow
wafter is necessary, it becomes essentfial to prioritize safety by choosing
appropriate non-slip materials like fextured files or specialized coatings,
providing a secure environment for visitors fo enjoy the water feature without
compromising their well-being.

Water Temperature

Another significant implication of shallow water is its susceptibility to rapid
temperature fluctuations compared to deeper pools. External factors like
ambient air temperature and sunlight exposure can significantly influence
shallow water. To effectively manage water temperature, designers may
consider incorporating one or a combination of the following fechniques:

Shade and Sunlight Conftrol: Infroduce shading elements such as plants, frees,
or architectural features to reduce direct sunlight exposure. This helps prevent
excessive water heafing.

Water Circulation: Install fountains or aerators to promote water movement.
This enhances the visual appeal and facilitates heat exchange with the
surrounding air, aiding in temperature regulation

Materials and Colour: Choose light-coloured materials for the bottom and
sides of the water feature. Light colours reflect sunlight, reducing heat
absorption compared to dark colours that tend to absorb more heat.

Vegetation and Aquatic Life: Infroduce aquatic plants. The shade from plants
and the franspiration process can help cool the water.

Thermal Barriers: In extreme cases, floating covers or shades can be used
during peak sunlight hours to block sunlight and physically reduce heat
absorpftion.

Water Exchange: If feasible, periodic water changes can help maintain
a consistent temperature, and additions of cooler water can moderate
temperature fluctuations.

Weather Considerations: Monitor weather conditions regularly and adjust site
condifions accordingly, such as implementing additional cooling measures or
shading during extremely hot periods.

Thermal Mass: Incorporate materials with high thermal mass, such as stone
or concrete, at the bottom of the water feature. These materials can absorb
and release heat more slowly, helping to stabilize temperatures.

Temperature-Regulating Technology: For more sophisticated setups, consider
using heating or cooling systems designed for water features. These systems
can provide precise control over the water temperature.

For a complete e-book or printed edition of the handbook go to LASquare.org website |"
B


https://lasquare.org/index.php/home/thehandbook/
https://lasquare.org/index.php/home/thehandbook/

Evaporation

In designs with very shallow water levels, managing the replenishment of
evaporated water is essential. Increased water loss due to evaporation poses
challenges in maintaining the desired water level and quality. Addressing this
issue may require the implementation of innovative and complex solutions
for automatic water replenishment mechanisms. Infegrating the necessary
equipment info the pond design can be challenging due to the limited
water depth, which requires careful consideration when incorporating these
systems.

Equipment Installation

Installing water jets or other equipment in shallow water poses challenges
due to specific operational requirements for mechanical components. For
instance, achieving the desired effect with a foaming jet necessitates partial
submersion of the fitting in water. The size of these fixtures and the required
depth of submersion varies based on the desired foaming water cone’s
size. Smaller fittings may require as little as 150mm (6 inches) of water depth,
while larger ones may need up to 450mm (18 inches). The installation process
becomes even more challenging when considering additional elements
like manual valves for flow adjustment and mounting bases. Ponds lacking
sufficient depth may limit the installation of desired equipment, emphasizing
the importance of carefully planning the water feature layout.

Furthermore, certain mechanical components demand a minimum water
depth and require a sufficient freeboard above the water level for proper
operation. For instance, water-level-controlling fittings, offen mounted within
the pond’'s wall, must accommodate fluctuations related to the make-up
water system’s control. Since these fittings are typically concealed within
the pond wall and not exposed at the top of perimeter edging, additional
elements like a coping stone or increased edge height may be necessary
to cover the fitting. This, in turn, increases the effective depth of the pool
structure, even if the water depth remains shallow.

The effective positioning and depth planning of water fittings are critical
considerations to ensure their optimal functionality and the creation of desired
water features.

Water Circulation and Drainage

Wheninstalling a submersible pump in a water feature, itis essential fo account
for water depth above the pump intake or any circulation drainage fittings. If
the water is foo shallow, the strong and concentrated current created by the
pump or drainage outflow can create a vortex, allowing air to be drawn into
the pump or circulation lines, which would disrupt the proper operation. The
waterlevel must be sufficiently deep above these components to prevent this.
Additionally, water depth directly affects the natural, gravity-driven flow from
the pond. A deeper water level above the outflow at or near the pond floor
increases pressure, improving drainage efficiency. In shallow-water features,
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a localized depression in the pool floor may be necessary to ensure sufficient
water depth above the pump intake and drainage system. Proper design
and positioning of these components are critical for maintaining effective
water circulation, filtiration, and overall system performance.

Habitat

When water depth is imited in a water feature, it has significant implications
for plant growth that may be incorporated into the design. Shallow water may
present challenges in providing adequate space for different plant species.
Designers must carefully consider the size and type of underwater pots or
permanent planters to ensure optimal conditions for vegetation growth and
development. Certain plant species may require a minimum water depth to
thrive, and the shallow areas must be well-planned to accommodate their
specific needs.

Shallow waters also play a vital role in supporting wildlife and fish habitat.
Different animal species have specific water depth preferences for drinking
and bathing, making designated shallow areas crucial for them to engage
in these activities. On the other hand, if the design intends to incorporate fish
habitat, providing suitable water depths for spawning and foraging becomes
important. Incorporating different depths within the water feature may be
necessary fo cater to the diverse habitat requirements of various wildlife and
fish species. Ensuring proper distribution of shallow and deep-water areas will
enhance the ecological value of the water feature, creating a harmonious
environment that supports both plant life and diverse animal life.

Maintenance
The shallow depth of water features infroduces both direct and indirect
considerations for maintenance procedures.

Directly, the shallow depth poses challenges in efficiently operating a pond
vacuum. The vacuum brush requires complete submersion for optimal
operation. If the vacuum fitting is momentarily exposed above the water
level, it may inadvertently draw air intfo the system. This can disrupt the pump's
operation and diminish the suction power of the vacuum line.

Conversely, shallow ponds offer advantages in terms of accessibility for
cleaning, repairs, or other maintenance tasks. The ease of access and
monitoring in the shallow pool area facilitates straightforward maintenance.
The maintenance crew can simply walk info the pond with the necessary
equipment, enhancing the efficiency of cleaning and repair processes.

Indirect implications stem from factors influenced by shallow water. As
mentioned earlier, shallow ponds tend to warm up more rapidly and
experience increased sunlight penetration. This heightened exposure often
leads to elevated algae issues. Consequently, addressing this concern may
necessitate more frequent cleaning or an upftick in chemical treatments to

maintain water quality.
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Summary of Practical Guidelines:
* Maintain a water depth of approximately 15 cm (6 inches) to discourage
wadding.

e Use non-slip materials like textured files or coatings fo ensure safety.

e Control temperature by using shading from plants, trees, or architecture,
light-coloured materials, and thermal barriers; consider incorporating
materials with high thermal mass (stone, concrete) or implementing
periodic water exchange to stabilize temperature.

e Address water loss with an automatic replenishment mechanism.
e Carefully plan equipment integration due to limited water depth.
* Plan water depth fo improve gravity-driven drainage efficiency.

e Consider plant growth and provide adequate depth for underwater pots
or planters.

e Plan for different depths to support wildlife, fish, and diverse plant species.
e Utilize easy access for cleaning and repairs in shallow designs.

e Account for frequent algae issues due to increased sunlight exposure
and temperature.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

5.4.4. Water-in-Transit

The water-level management in a multiple pool system with one or several
waterfall features requires special attention due to fluctuations caused by
the volume of “Water-in-Transit.” This term refers to the amount of water that
temporarily flows through the pools and creates the body of waterfalls when
the system is turned on. To initiate the flow of a waterfall, the water level in
the top pool (from which the waterfall starts) needs to be gradually raised to
the desired level above the waterfall weir. The difference between the raised
water level and the top of the weir determines the thickness of the falling
water, which in turn determines the intensity of the flow. For instance, a typical
urban waterfall has a thickness ranging from £5mm to 25 mm (1/4 inch to 1
inch).

To achieve a 12mm (£ 1/2 inch) thick waterfall sheet, the water level in the
upper pool must be raised by that distance. When the system is activated,
wateris pumped from the source pool, typically the lowest pool ora concealed
surge tank, to the outflow pool forming the waterfall.
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This pumped water between the pools creates the “Water-in-Transit.” As water
is pumped out from the lower pool, its water level decreases, while the water
relocated to the upper pool raises its water level, causing the overflowing weir
toinitiate the natural flow of the waterfall. Consequently, the “Water-in-Transit”
pulled by gravity forces returns to the source pool.

Water in transit

Level B
Level A —|
Upper pool Freeboard
level A @
Level B Lower pool
-
Pump

During activation, the circulation flow of “*Water-in-Transit” undergoes distinct
fluctuations. Initially, as the system is furned on, water gradually accumulates
in the upper pool, resulting in a gentle start to the waterfall trickle. As the
water level in the upper pool rises to the preset height for the waterfall sheet,
the flow gradually increases to its full intensity. Eventually, the system reaches
its peak flow, creating the desired cascading effect, while the volume of
“Water-in-Transit” achieves its full capacity.

Conversely, when the system is turned off, the flow of “Water-in-Transit”
gradually diminishes, resembling the decreasing flow of the waterfall. As
the upper pool begins to lower its water level to ifs initial position, the water
frickles back from the waterfall to the source pool. This gradual decrease in
water movement facilitates a graceful transition, allowing the water feature
to return to its original state.

The volume of “Water-in-Transit” (V) in a water feature is directly influenced
by the area of the upper pool, the height and width, and the waterfall sheet’s
thickness at the weir. To calculate the volume of the “Water-in-Transit,” we
can use the following formula

V=(Ap + Aw) x T
Where:
Ap - the surface area of the upper pool
Aw - the surface area of the waterfall sheet (width x height)
T - the thickness of the waterfall sheet at the weir

Typically, in designs with relafively short plumbing connecting the pools,
the volume of water in the plumbing is minimal compared to the pool sizes
and can be disregarded. However, if the plumbing system is extensive, that
volume should also be considered in the calculation and added to the overall
“Water-in-Transit” volume.
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5.4.4.1. Water Level Dynamics in Multilevel Systems

Calculations for the “Water-in-Transit” are crucial since this water must be
sourced rapidly when the system is turned on and collected promptly when
the pump is turned off. When the upper and lower pools are similar in size,
and the waterfall surface area is relafively small, the drop in water level in
the lower pool may closely match the raised level in the upper pool. In such
cases, where the average waterfall in an urban setting is approximately 8 mm
to 20 mm (Y4 to % inch) thick, the water-level variations may not be noticeable
to the public.

However, challenges in dealing with “*Water-in-Transit” may arise if the upper
pool is considerably larger than the lower pool, or if both pools are relatively
small in relation to the size of a very large waterfall. For example, if the lower
pond area is 10 times smaller than the face of the waterfall combined with
the surface area of the upper pool, a 10 mm (2 inch) rise in water level in the
upper pool will result in a 10 cm (£ 4 inches) drop of water in the lower pool.
What is also critical, this volume of water will return to the lower pond when
the pump is furned off, potentially causing flooding if the lowest pond lacks
sufficient freeboard.

The calculation for the volume of “Water-in-Transit” becomes more complex
when the water feature consists of multiple pools at different levels, creating
an inferconnected system where water flows from one pool to another. In this
case, all pools with waterfalls that flow into the next pool below derive their
“Water-in-Transit” volume from the lowest pond. To calculate this, you need
to sum the areas of all waterfalls and ponds, excluding the lowest pond, and
then multiply this total by the average thickness of the waterfall sheet.

Roughly estimating the drop in water level in the lowest pool requires
comparing its surface area with the combined area of all the ponds and
waterfall surfaces in the system supplied with “Water-in-Transit.” Multiplying
the ratio of these two areas by the average thickness of the water in the weirs
will provide a rough value of the water level drop in the lowest pond.

Moreover, significant variations in  the sizes of waterfalls between
inferconnected pools can lead to varying intensities of each waterfall. As
the constant flow of water-in-transit remains unchanged through the entire
system, the different widths of the waterfalls result in varying water thicknesses
at each weir. The thinner the sheet of water running over a weir, the less
infense the water display will be. A very thin sheet of water running over a weir
may cause additional problems discussed in Chapter 5.8 - Designing Weirs.

A practical solution for creatfing a series of interconnected pools with
waterfalls of varying sizes is to treat each waterfall as a separate system. This
approach entails establishing several small circulation systems, with each
system equipped with its own pump. In this setup, each pump is responsible
for supplying water to a single waterfall, which connects two adjacent pools,
and the “Water-in-Transit” must be calculated individually for each pair of
interconnected pools.
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If the upper poolis significantly larger than the lower pool, orif a series of ponds
and waterfalls needs to function as a single pumping system, it's essential to
achieve the desired waterfall effect while maintaining stable water levels.
In such cases, a surge tank and a well-calibrated water-level control system
may be necessary to manage large fluctuations in water levels.

The surge tank serves as a reservoir, supplying “Water-in-Transit” when the
system starts and collecting water when the system is turned off. Without a
surge tank, substantial fluctuations in the lowest pool can cause technical
and aesthetic issues, negatively affecting the performance and appearance
of the water feature.

Summary of Practical Guidelines:
e Calculate the volume of “Water-in-Transit” based on the desired waterfall
sheet thickness and the size of the upper and lowest ponds.

e In mulfilevel interconnected systems with one pump, the entire volume of
“Water-in-Transit” is derived from the lowest pool

e In multilevel interconnected systems featuring multiple waterfalls, each
equipped with its own dedicated pump and drawing “Water-in-Transit”
directly from the adjacent lower pool, it is essential to freat each circuit
as a separate system.

e For interconnected systems with mulfiple levels, where the total area of
the upper pools is significantly larger than that of the lowest pool in the
system, a surge tank is recommended fo help buffer fluctuations in water
levels in the lowest pool.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

5.8.1. Position and Shape of the Weir

Numerous factors influence the unique characteristics of water flowing over
a weir, including the position and shape of the weir itself. These aspects are
infegral to the overall design of a water feature, as they directly impact its
aesthetic and functional qualities. Therefore, discussions regarding these
criteria are prioritized in Part One of this book, which offers general design
guidelines for the design process.

Chapter 7.5.1.3 — Projection of Water in Waterfalls, located in the more
technical Part Two of the book, is specifically dedicated to the correlation
between waterfall patterns and selected, unique water feature components.
It provides detailed information on how alterations in the weir design can
influence the trajectory, velocity, and dispersion of water, ultimately shaping
the visual and auditory experience of the waterfall.
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In multilevel water features where waterfalls connect one pond to another,
weirs can be strategically positioned in two different ways. The first type of
weir design places the weir directly above a vertical or sloping water wall,
allowing water to flow simply and directly into the lower pond as it fumbles
over the surface of the water wall. In conftrast, the second type includes an
extended weir that reaches toward the center of the pond, creafing a
cantilevered bench elevated above the surface of the lower pond. Water
cascading over the extended edge in this configuration forms a free-falling
sheet that gracefully descends into the lower pond.

=~ Top Edge of a Weir

" Differentiating between the weir's top and
| bottom edges is crucial in discussing these
designs. While the top edge is a standard
' feature, bottom edges are unique to designs
where the weir extends above the lower pool.

. Different shapes of weir edges can create
varying water flow patterns. For instance, when
water flows over a sharp edge, it fends to break
away and fall freely in front of the waterfall wall.
In contrast, a rounded edge helps the water
- conform to the curved surface, allowing it to
follow the weir's shape before flowing down
the vertical surface of the waterfall wall.

The texture of the top edge of a weirsignificantly
influences the appearance of the waterfall. A
rough texture tends to agitate the flowing water
and mix it with air, creating a frothy look due
fo the air bubbles combined with the water.
When the edge of the weir is notably jagged,
the uneven flow may cause some water to
break away from the main flow and free-fall,
resulting in splash formation.

On the other hand, achieving a clear, glass-like flow in a waterfall requires
careful attention to the evenness and smoothness of the weir edge. Any
imperfections along the weir edging can manifest as distortions or irregularities
in the patterns visible on the waterfall’s surface. To achieve a consistently
smooth and evenly shaped waterfall, it is common to select stainless steel,
copper, glass, or similar materials o construct the weir. These materials can
be skillfully smoothed along the critical edges, ensuring a flawless water flow
over the weir's surface.

An interesting variation of weir design is the “infinity edge”, also known as
a negative or vanishing edge, commonly used in modern water features.
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This design creates the illusion of an edgeless water surface by completely
submerging the pond’s boundary wall and allowing some water to overflow
the hidden rim. As a resulf, the water surface appears to merge seamlessly
with the surrounding landscape, creatfing a visually striking effect.

Bottom Edge of a Weir

In designing a weir that protrudes above a lower pond, the intention is often o
create a picturesque free-falling waterfall that seamlessly connects the two
bodies of water. This design typically strives to form a clear sheet of water,
gracefully cascading onto the surface of the lower pond. The waterfall may
either soar through the air upon separating from the sharp top edge of the weir,
or it may briefly descend along a curved top edge and a short steep wall before
breaking off from the lower edge of the weir.

It's important to recognize that
as water flows down a smooth
waterfall wall, it can sometimes
stick to the weir's surface. Instead
of completely dropping off at the
lower edge, the water might partially
slide underneath the bench, remain
there for a short time, or start moving
toward the edges of the upper pond.
This behaviour, influenced by the
pressure of the water, can cause
accumulation beneath the werr,
leading to several ftrickles flowing
from underneath the counter-
levered bench. The accumulation of
water under the weir can disrupt the
waterfall's infended clear appearance. This may cause the water to cascade
in multiple streams instead of flowing freely. In some cases, the water may even
flow toward the wall behind the waterfall rather than falling down as infended.

Two effective solutions mitigate this issue. The first involves extending the edge
of the weir vertically by af least 1 cm (3/8 inch) below the bottom of the weir
structure. This can be done using a narrow material such as a sheet of metal,
plastic, or glass. This narrow extension reduces the horizontal surface area
where water droplets could potentially linger at the edge.

The second solution is more suitable for thicker materials like stone or concrete.
It entails cutting or forming a vertical groove that is a minimum of 1 cm (3/8
inch) deep and wide at the bottom section of the weir, positioned as close
as possible to the vertical face of the waterfall. This groove limits the areas
where water droplets can accumulate, as they are unlikely to tfravel upward
or cross over the groove. As aresult, the rapid flow of water, which moves very
close to the narrow edge, quickly captures any droplets, preventing them
from accumulating. For further details regarding water migration below the
weir, see_Chapter 8.1.2 — Splash, Spills, and Water Migration.
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Summary of Practical Guidelines:

e Design the weir with the desired waterfall style: directly above a waterfall
wall for a surface-tumbling effect, or extended, cantilevered weir info the
pond for a free-falling sheet of water.

* A sharp top-edge design promotes free-falling water, creating a clean,
detached flow.

* A rounded top edge design encourages water to follow the curvature,
maintaining surface contact for a softer cascade.

* Smooth weir edges promote clear, glass-like water flows.

* Rough orjagged edges create frothy, aerated effects with visible bubbles
and splashes.

e For cantilevered weirs, prevent water accumulation under the weir by
adding a vertical extension beneath the bottom edge or forming a
verfical groove at the bottom face of the weir to redirect water flow
effectively.

e Consider the infinity edge for a weir to create a seamless visual connection
between the water surface and the surrounding landscape.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

5.10. Selection and Placement of Mechanical Components

After defining the general shape, size, and materials that will characterize the
wafter feature, the next step is determining the nature of the water activities to
be incorporated info the design. This ensures that the design aligns seamlessly
with the project’s aesthetic vision and functional requirements. Key elements
to consider include special features like waterfalls, jets, and streams. The
conceptual design must specify the type of these features, such as the desired
size and flow intensity of a waterfall or the characteristics of jefs (whether it is
a clear, arching stream, a foaming cone, or multiple vertical jets) and the
approximate number of fittings required. These decisions setf the stage for the
subsequent selection and placement of essential mechanical components.

In this phase, it is crucial to determine the type and location of key mechanical
elements such as submersible or dry-pump systems and the approach to
water quality management, including the type and placement of the filtration
system. Identifying the type and location of other key features like water-level
control systems and lighting is also essential. These considerations help assess
whether additional space, such as a mechanical room, vault, or kiosk, is
needed beyond the water feature and where it should be optfimally located.
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Submersible pumps, typically located within the water feature or in an
associated vault, offer a compact and discreet solution. However, they
require easy access for maintenance and designated space for power
controllers and are generally suited for smaller water features due to their
limited capacity. In confrast, dry-pump systems installed outside the water
feature in a mechanical room, above-ground kiosk, or in-ground vault
provide greater capacity and flexibility. Chapter 7.8 — Pump Selection, offers
a general description of various pumps. Choosing between submersible and
dry-pump systems is a critical decision that significantly impacts the project’s
overall design and spatial requirements.

When establishing the approach to water quality management for a water
feature, it is crucial to determine the need for filiration and/or purification
systems. Depending on the water feature’s specific characteristics, water
purification or mechanical filtfration may be required. Chapter 9 — Quality of
Water provides detailed information on various water filtering and purification
systemes.

Features that support fish habitats must include active aeration through
elements like waterfalls or jets to ensure sufficient (minimum three times per
day) water oxidization. Most water features require a purification system
to minimize algae growth. Purification methods may include chemical
freatments, UV light, ozone, copper-zinc-silver ionization, and bio-filiratfion.
Most of these purification systems (except for bio-filtration) are relafively
compact. They can be installed inline with the circulation system or applied
directly to the water, similar to chlorine granules or floating dispensers used in
residential swimming pools.

However, many small, primarily ornamental water features that have frequent
water furnover and effective aeration may not require a purification system.
For larger features that collect dust and organic debris, mechanical filtration is
generally necessary to prevent cloudy waterover time. Options formechanical
filtration include traditional sand filters or more compact cartridge filters, each
of which has its own space and maintenance requirements.

The placement of the filtration system should be strategically planned to
ensure efficient operation and ease of access, which may require additional
space, such as a dedicated mechanical room or a conveniently located
vault.

The strategic positioning of key features like jets, water-level control systems,
and lighting fixtures is also crucial. These elements enhance the water
feature's aesthetic appeal and contribute to its functionality and overall user
experience. Early consideration of these components ensures they integrate
seamlessly into the overall design without requiring significant alterations later
in the project.
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During this phase, it is essentfial fo assess the need for a mechanical room,
vault, or kiosk. If necessary, the optimal location should be identified based on
factors such as accessibility for maintenance, proximity to the water feature,
and its integration within the overall site design. The choice of pump and
filtfration system will significantly affect the size and location of this space. For
instance, a dry-pump system will require a dedicated enclosure, whereas
a submersible pump may need a protected and appropriately sized area
within the pond or a submersible vault.

When selecting the equipment for the water feature, it is important to plan
carefully to ensure that the connections between the pond features, external
equipment, power and water supply, as well as drainage, are practical,
safe and discreet. These connections should allow for easy access during
future maintenance while remaining hidden from view. This approach helps
to preserve the aesthetic appeal of the water feature and maintains a safe
environment for visitors.

Addressing these considerations during the conceptfual design phase ensures
that the water feature’s mechanical systems are functional, efficient, and
harmoniously infegrated info the surrounding environment. While the detailed
selection of specific models and sizes of fittings, pumps, or filters will occur
during the technical design phase, resolving the preliminary characteristics
early on helps prevent future complications, facilitates coordination with site
conditions or other professionals, and streamlines the transition fo the detailed
design phase, ultimately contributing to the success and sustainability of the
entire project.

Summary of Practical Guidelines:
* During the conceptual design phase determine the general character of
key components such as:
- Waterfall and jets - size, flow intensity, and required fittings.

- Pump Systems such as submersible vs. dry-pump, location,
capacity, and power requirements.

- Water quality management such as filtfration and purification
methods (chemical, UV, ozone, bio-filtration).

- Water level confrol mechanisms for maintaining desired water
levels.

- Lighting type, placement, and power requirements.

e Determine requirements for the mechanical room such as the required
size, location and maintenance access.

e Consider routing all cable and piping between the water feafure,
mechanical components, source of water and drainage connections.
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The chapters above are a small selection from PART ONE of The Water
Feature Designer’s Handbook, chosen to give readers a sense of its scope
and approach. For a complete view of all topics covered—including many

additional chapters not shown here—refer to the table of contents. The full
printed and e-book editions offer the complete work in its entirety.

Introduction to Part Two:
Technical Design

Part Two of The Water Feature Designer’'s Handbook explores the intricate world
of water feature design from a technical perspective. While Part One established
foundational concepts of design principles, aesthetics, and environmental
considerations, this section focuses on constructing water features that are
visually appealing, practical, functional, and sustainable. Aimed at designers,
engineers, contractors, and anyone involved in the detailed aspects of water
feature design, this section serves as an essential guide to mastering the technical
complexities that bring water features to life.

Creating an excepftional water feature requires a deep understanding of
mechanical systems, water circulation and filfration, and practical energy
efficiency solutions based on the science of fluid engineering. Without
careful attention to these critical elements, even the most visually attractive
designs can face challenges like poor water quality, unexpected water loss,
maintenance difficulties, or high energy consumption. Part Two is dedicated
to addressing these vital areas, empowering professionals to navigate the
technical design process and ensure that the final water feature is functional,
sustainable, and built to last.

This section guides readers through everything from the design and sizing of
robust water circuits to waterproofing, maintaining water quality, rainwater
harvesting and storage, estimating future operational costs, ensuring safety,
integrating lighting systems, incorporating art, and designing habitats suitable
for fish and vegetation. It concludes with considerations for maintaining water
feature systems, which are critical for the efficiency and longevity of these
complex systemes.

Part Two consists of eleven chapters, each offering practical insights and
valuable technical guidelines, including formulas, diagrams, and real-
world examples. Whether the project involves a small residential pond or a
large urban water feature, this section will equip readers with the tools and
knowledge needed to execute a successful design.
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Chapter 6: Design Coordination

Design coordination is crucial for ensuring that all aspects of a water feature
work seamlessly together. This includes managing the water supply and
infegrating the feature with surrounding structures. Chapter 6 highlights the
importance of aligning the design with broader site considerations, such
as the placement of the mechanical room and the routing of power and
wafter lines. It also discusses essential components like protecting the water
source from contamination and integrating with the site’s drainage systems.
This chapter emphasizes that early planning and coordination between
the technical design of a water feature and the team of stakeholders can
prevent costly errors and revisions during constfruction.

Chapter 7: Detailed Mechanical Design

As the largest chapter in the book, Chapter 7 covers a wide range of
technical issues essential to the design of effective water features. It begins
by discussing the strategic placement of key mechanical components,
emphasizing how optimizing the layout of these systems enhances
functionality, accessibility, and maintenance efficiency.

This chapter provides a comprehensive guide fo designing both single-
circuit and multi-circuit plumbing systems, which are crucial for maintaining
water quality and opfimizing performance. It begins with an exploration
of pipe sizing, emphasizing the importance of calculating the required
wafter pressure and velocity. Readers will find practical advice on selecting
durable pipe materials and pre-manufactured fittings, ensuring that every
component of the plumbing circuit is carefully detailed. This aftention o
detail is vital for creating robust infrastructure while achieving high design
quality and ecological balance.

Following the discussion on plumbing design, Chapter 7 shifts focus to
the dynamics of natural water flows driven by gravity. It includes essential
formulas that aid in understanding how these forces influence water
movement within features. The chapter further delves into the design of
wafterfalls, outlining the necessary calculations to create aesthetically
pleasing features that also provide effective water flow and maximize
energy efficiency.

The chapter also examines how fo select the most efficient pumps tailored
to the specific needs of each water feature, ufilizing technical data sheets
and specialized graphs for each pump. Finally, it discusses water-level
control systems, highlighting automatic water rejuvenation methods and
essential drainage solutions for managing overflow and circulation.

Ultimately, Chapter 7 equips readers with the technical expertise and
practical strategies necessary to design efficient plumbing circuits and the
critical elements of a water feature based on calculations and hands-on
experience.
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Chapter 8: Loss of Water

This chapter examines the various factors that contribute to water loss
in water featfures. These include evaporation, splashing, spills, and the
migration of water through structures, which pose significant challenges
to sustainability and can impact costs. The chapter also explores methods
for detecting leaks and maintaining waterproofing systems. Additionally, it
discusses strategies for minimizing water loss through careful design of pond
structures, which includes selecting appropriate materials and incorporating
features such as surge tanks, overflow systems, and water-level sensors.

Chapter 9: Water Quality

Ensuring good water quality is essential for the health andlongeyvity of any water
feature. Chapter 9 examines different methods for managing water quality,
including mechanical filtration, bio-filtration, and chemical freatments. It also
discusses the removal of microbial pollutants and the prevention of algae
growth through the use of UV and ozone sterilization systems. Additionally,
the chapter highlights the importance of maintaining water clarity for visual
appeal and the safety of any wildlife that may inhabit the feature.

Chapter 10: Integrating Rainwater Harvesting with Water Features
Sustainability is central fo modern water feature design, and Chapter 10
focuses on integrating rainwater harvesting systems into site development.
The chapter explains how water features play a crucial role in maintaining
collected rainwater. It covers the basic components of a rainwater
harvesting system, including cafchment areas, filtration, storage, and
distribution. Additionally, it discusses how harvested rainwater can be
utilized to compensate for water loss in water features, thereby reducing
dependence on potable water supplies and enhancing the project’s
environmental sustainability.

Chapter 11: Cost of Operation

Chapter 11 addresses the operational costs of maintaining a water feature
over fime. The text discusses various factors, including energy consumption
for pumps and lighting, the cost of water treatment and its replacement,
and the labour involved in routine maintenance. It also offers insights into
how energy-efficient technologies and thoughtful system design can help
decrease these ongoing costs, ultimately making the water feature more
economical and sustainable over time.

Chapter 12: Key Safety Considerations in Water Feature Design

Safety is a critical aspect of water feature design, and Chapter 12 outlines
the necessary measures to ensure that the feature is safe for both users and
the surrounding environment. It emphasizes the importance of designing
for accessibility and ensuring that safety measures are built into the feature
from the outset, rather than being an afterthought. Additionally, the chapter
covers topics like safe edges, secure drainage systems, wildlife protection,
and the prevention of chemical spills.
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Chapter 13: Lighting Design for Water Features

Lighting has the power to fransform a water feature, enhancing ifs visual
appeal and creating a dynamic, engaging environment. Chapter 13
explores the details of lighting design for water features, focusing on light
sources, fixtures, and considerations for power supply. It also examines the
unique characteristics of light in water, such as reflection and refraction, and
how it interacts with moving water. The chapter offers practical guidelines
for selecting the appropriate lighting systems to achieve the desired visual
effects while prioritizing energy efficiency and safety.

Chapter 14: Integration of Artwork into Water Features

By combining art with water, designers can create unique and capftivating
installations. Chapter 14 explores how art can be seamlessly integrated
info water feature designs. It examines various forms of artwork, primarily
sculptures, and their interaction with water displays, such as waterfalls and
fountains, along with associated lighting systems. The chapter discusses
how the integration of these elements can enhance the overall visual
appeal of the installation. Additionally, it provides insights into the technical
considerations for incorporating artwork, addressing aspects such as water
flow dynamics, structural support, and material compatibility.

Chapter 15: Fish in Ponds

This chapter focuses on the important considerations for introducing fish
into ponds. It discusses key factors such as pond size, water depth, and
wafter oxygenation, all of which are essential for creating a healthy
aqguatic environment. The chapter highlights the impact of water quality
on fish health and explains how bio-filiration and aeration systems can help
maintain a balanced ecosystem. Additionally, it addresses predator control
and habitat creation, along with common challenges like algae growth,
providing practical solutions to ensure both the pond and its inhabitants
thrive.

Chapter 16: Introducing Plant Material into Water Features

Plants play a vital role in enhancing both the aesthetics and functionality
of water features. Chapter 16 explains how to choose and integrate plant
materials info water features, focusing on water-tolerant and aquatic
species confributing fo the ecological balance. It discusses planter
selection, soil types, and root systems, ensuring that plants thrive in their
water-based environment. The chapter also addresses the environmental
benefits of plants in water features, such as improving water quality,
providing habitats for wildlife, and reducing erosion. By carefully selecting
and placing plant materials, designers can create visually stunning and
sustainable water features that complement the surrounding landscape.
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Chapter 17: Maintenance Aspects of Water Features

Maintenance is crifical fo the longevity and functionality of any water
feature, and Chapter 17 provides comprehensive guidance on managing
roufine and seasonal care. It covers topics such as cleaning procedures,
filfration system maintenance, and water quality testing, all of which are
necessary to keep the feature in fop condition. The chapter also discusses
how to address common issues like leaks, debris buildup, and pump
malfunctions. In addition, it offers fips on winterizing and reactivating
wafter features to ensure they function effectively throughout the year. By
following these maintenance practices, designers and owners can ensure
that their water features remain visually appealing and operational for
years to come.

The text in Part Two of this book is primarily based on practical experience,
but it offen addresses complex aspects of physics and fluid engineering. It
infroduces mathematical formulas that are essential for calculating flows and
sizing components in water feature design. While these technical calculations
may seem difficult at first, the book’s aim is fo simplify and clarify them
through clear explanations. By using straightforward language and practical
examples, the book seeks to make these concepts accessible to all readers,
ensuring that even those with little technical experience can understand the
core principles. With some practice and the book’s step-by-step guidance,
readers from all backgrounds can confidently apply these essential concepfs,
enhancing their expertise in water feature design.

In summary, Part Two of The Water Feature Designer’'s Handbook builds on
the essential knowledge from the first section and explores the key technical
aspects that lead to successful water features. It highlights the significance of
strategic planning, precision, and sustainability, empowering designers and
engineers to create installations that are not only beautiful but also functional
and environmentally friendly. With clear explanations and practical insights,
Part Two of this handbook encourages readers to approach the challenges
of water feature design with confidence and creativity.
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The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

Chapter 6. Design Coordination

Aligning the water feature’s design with its environment requires coordination
with surrounding landscapes and infrastructure. Collaborative efforts with
architects, landscape architects, engineers, and other project stakeholders
are essential for seamless integration with the broader project vision. However,
close coordination with various trades and suppliers is equally important for
successful construction outcomes. Designers should be knowledgeable about
new technologies, innovative materials, and products to ensure designs are
thoroughly researched and expertly executed. Therefore, collaborating with
related industries before and during installation, aids in sfreamlining installation
procedures, as well as facilitating the procurement and delivery of selected
products and materials.

Practicality is a cornerstone of good design. This necessitates not only the
coordinatfion of installation efforts, such as ensuring structural integrity,
power supply, or drainage connections, all critical during the construction
process, but also designers must equally strive to ensure safe and easy future
maintenance accessibility, minimizing disruptions and future costs related to
the ongoing upkeep of the project.

In urban settings, crafting a water feature typically encompasses shaping the
ponds and associated features, alongside the intricate design of mechanical
components. It is common for the mechanical room, which houses technical
equipment like pumps and filters, to be separated from the pond. This room
is often designed by an architect. However, the plumbing connections
between the pond and the mechanical room, involving routing through
the building’s complex structures, are typically designed by an engineer.
This underscores the necessity of proper integration of work efforts through
effective collaboration and coordination, which usually involves the following:

Key Coordination Issues:

e Determining the appropriate size and required flow rate for the water
supply line.

* Installing a backflow preventer and a manual shuf-off valve on the water
supply line to ensure safety and regulatory compliance.

e Strategically planning the routes for circulation plumbing lines and
conduits that will connect the mechanical room to the water feature.

e Establishing a connection between the circulation system and the
designated drainage system to facilitate proper water management.

e Ensuring that the pond’s overflow is correctly connected to the specified
drainage line to prevent flooding and water damage.
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* Arranging and routing the power supply lines effectively to support all
necessary components of the water feature.

 Integrating the water feature’s mechanical components, features, and
lighting with the overall site design and related systems for cohesive
functionality.

* Addressing the mechanical room’'s needs, including size, lighting,
ventilation, access, security criteria, and adequate floor drainage fo
support efficient operation.

The following chapters provide additional information for each of the above items.

6.1. Hydraulic Systems Coordination

In the following chapters, we will discuss the critical hydraulic coordination issues
that are essential for the effective functioning of water features. This involves
several crucial elements that work together to ensure optimal performance,
safety, and regulatory compliance. By carefully managing this coordination
process, we can establish the functionality of key components of the water
feature and their connections to various systems, such as water supply or
drainage connections that may be located away from the pond. This approach
helps prevent problems like flooding and water damage, confributing to the
longevity and reliability of water features. Ultimately, it facilitates the creation
of systems that operate not only efficiently but also sustainably.

6.1.1. Water Supply - Line Size and Flow Rate

The water supply line for a pond is generally managed by a mechanical
engineer or plumbing professional involved in the project. It is essential for
them to understand key considerations related to the water supply line,
such as determining the appropriate size and flow rates. This ensures there
is sufficient water available for filling the pond upon installation and for any
maintenance that requires draining.

Furthermore, it's important to account for evaporation and plan for periodic
top-ups throughout the pond’s operational life. Regular topping up, typically
managed via an automatic water-level control system, does not require a
high flow rate, as it involves frequent small volumes of water. However, filing
an empty pond—even one of modest dimensions—requires a substantial
water flow.

For example, consider a water feature that measures 3 meters by 6 meters
(approximately 10 feet by 20 feet) and has a depth of 0.45 meters (around
18 inches). This results in a total volume of about 8.1 cubic meters or 8,100
litres (roughly 300 cubic feet or 2,250 US gallons). A standard 19 mm (3/4 inch)
water supply line, commonly found in home settings, provides a relatively slow
flow rate, typically not exceeding around + 35 LPM (9 GPM). Using this line, it
would take about 4 hours to fill this pond.
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In contrast, if a larger 50 mm (2 inch) line is used, which can deliver = 190
LPM (50 GPM), the fill time for the same pond is significantly reduced to
approximately 40 minutes.

Relying on a smaller water supply line in commercial projects with larger water
features may lead to extended maintenance times and increased costs due
to longer fill-up periods. Additionally, the considerable time required to fill the
pond may cause maintenance crews to shift their focus to other tasks, which
could result in the pond being overfilled if the process isn’t monitored closely,
leading to water wastage.

6.1.2. Backflow Preventer and Valves on the Water Supply Line.

Inwaterfeatures and automaticirrigation systems, there is arisk of water flowing
backward into the main water supply, which can lead to the contamination
of drinking water with pollutants or chemicals from the feature. To prevent
this, a backflow preventer, also known as a double-check valve, is essential.
This device ensures that water flows in only one direction, effectively stopping
any contaminated water from re-entering the clean water supply. The
installation of a backflow preventer is crucial for safeguarding public health
and the environment, as its absence can result in serious health hazards and
potential regulatory violations. Thus, incorporating this component into water
feature designs is necessary to maintain the integrity of the potable water
supply and comply with safety standards. In many areas, local by-laws require
the installation of backflow
preventers in systems that draw
water from municipal potable
sources for purposes such as
ponds or irigation. Typically,
these devices are infegrated into
the water supply line next to an
isolation valve. This setup allows
for the water supply to be easily
shut off during installation or
maintenance. To ensure optimal
performance, it is essenfial fo
match the sizes of both the
backflow preventer and the
isolation valve to the supply line.

During the installation of water features, plumbers usually connect the water supply
line fo a pre-installed larger plumbing system. The inclusion of a backflow preventer
and an isolation valve simplifies this process significantly. With these components
in place, the contractor can make the necessary connections while the water
supply is off, ensuring efficient and precise installation without interruptions. Once all
connections are completed, the plumber can quickly test the setup by furning the
water supply back on, confirming everything operates as intended. This streamlined
approach not only hastens installation but also minimizes the chances of errors or
complications, ultimately facilitating the smooth operation of the water feature.
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6.1.3. Connecting the Mechanical Room with the Water Feature.

The placement of large mechanical components, such as pumps and
filters, can vary based on their size, type, and the specific needs of the
system configuration, which is determined by the overall design of the water
features. These components are often located in a dedicated mechanicall
room. For water features integrated into large architectural structures, this
mechanical room is typically found in a basement near the water feature. For
ponds situated in landscaped areas, the equipment is usually housed within
an inground vault or kiosk.

When considering the placement of these components, proximity is an
important factor. Ideally, the mechanical room should be located relatively
close to the pool. This proximity helps minimize potential water pressure losses
in long pipes, reduce excessive water consumption, keep installation and
maintenance costs manageable, and optimize overall efficiency.

If the mechanical components are not part of the pond structure, establishing
an effective connection between the pool and its mechanical components
is essential for achieving optimal performance.

In many construction projects, the pipes and electrical conduits running
through a building must be carefully coordinated with various integrated
services within the structure. The engineer responsible for routing these services
must avoid potfential conflicts between all systems. Additionally, exposed
pipes must adhere to stringent fire protection standards, which can result in
higher installation costs. This offen necessitates using fire-resistant materials,
such as Chlorinated Polyvinyl Chloride (CPVC). Alternatively, PVC pipes may
need to be enclosed within fire-resistant walls to prevent their exposure to fire,
which could damage the pipes and violate safety protocols.

Ifthe waterfeature does nothave adedicated mechanicalroomwithin nearby
structures, it may require a vault or an above-ground kiosk to house some of
its components. While this solution can simplify plumbing routing, it's essential
= ! ;x: i fo ensure proper coordination
wuy O avoid conflicts with adjacent
structures, underground services,
or existing and planned
landscape featfures, such as
planting beds and frees.
These elements could lead to
= installation and maintenance
challenges, emphasizing the
need for careful planning and
coordinafion to achieve a
smooth integration of the water
feature with its surroundings.
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6.1.4. Circulation System and its Connection to the Drainage System

Properly connecting the circulation plumbing of the water feature to the
drainage system is critical. This system effectively removes water, helping
to eliminate contaminants and reduce the risk of flooding. It is essential for
protecting both the water feature and its surroundings, as well as ensuring public
safety and environmental protection. Many water features use chemicals fo
maintain water quality. Therefore, water removed from such ponds should
not be directed to a stormwater system, as these chemicals may negatively
impact the downstream environment. Even if a water feature does not use
any chemicals, there is still a risk of contamination from pollutants that may
enter the water due to vandalism or accidental spills. Therefore, it is essential
that all water is drained into a sanitary line rather than the stormwater system.

In a typical water feature design, two distinct drainage connections are
essential. The first connection manages overflow during heavy rain events or
accidental overfiling due to malfunctions in the fill system or human error.
This will be discussed in more detail in the following chapter. The second
connection may be required for maintenance activities, allowing for roufine
tasks such as backwashing the water filtration system to remove accumulated
debris and adjusting water levels as needed.

In many projects, these two drainage systems are often integrated into asingle
connection. However, in certain cases, two separate connection points may
be necessary, with each serving a distinct purpose.

The backwashing process, typically conducted weekly or as needed, is a
crucial aspect of system maintenance. This manual procedure temporarily
alters the water flow to clean the filter and redirect accumulated debris to the
drainage system. Many high-quality sand or cartridge filters come equipped
with a pressure gauge, which helps determine the optimal frequency for
backwashing by indicating an increase in water pressure as the filter collects
debiris. When the pressure gauge reaches a critical level, it signals the need to
initiate a backwash or replace the cartridge.

In cases where a filter lacks this gauge, the fiming for backwashing must be
assessed by observing water circulation. However, determining the best timing
for filter replacement or backwashing in ponds without visible indicators, such
as fountains, waterfalls, or jets, can be quite challenging. Unlike ponds with
these features, where changes in water flow or clarity provide visual cues,
ponds without them require a more complex approach to evaluate filter
performance. Monitoring water circulation in these situations can be less
straightforward, and the absence of clear signs of accumulated debris may
lead to delayed maintenance. This can increase the risk of diminished water
quality and reduced system efficiency, highlighting the importance of regular
and preventive filter maintenance in these less obvious pond configurations.
Therefore, itis highly recommended to choose afilter equipped with a pressure
gauge for precise maintenance scheduling.
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The size of the plumbing for the backwashing process is determined by the
dimensions of the circulation system that passes through the filter during water
filtration. This is because the same pump used for filtering also serves the
backwashing procedure. It's important to note that the outflow from the
backwash typically connects to a sanitary line that operates based on gravity.

Sanitary connections inside buildings are designed to handle gravity-based
flow from fixtures like toilets, sinks, and drains. They are not intended for
pressurized flow, such as the forceful release of water during a backwashing
process. Infroducing pressurized flow intfo a sanitary connection that is not
designed for it can lead to complications, including leaks, damage to the
plumbing system, and improper drainage.

Specialized arrangements should be made to ensure
a proper and confrolled transition from backwashing
fo the sanitary system. This may involve directing
backwash flow to a wider funnel-type connection or
a floor drain. Additionally, it is crucial to incorporate
a P-frap into the sanitary connection to prevent
unpleasant odours from entering the mechanical
room and maintain a hygienic environment.

Therefore, thorough coordination with the professional responsible for the
sanitary drainage design is essential. This ensures that the type of connection
and the size of the line collecting the backwash can facilitate water flow at a
minimum rate equal to or preferably faster than the outflow from the backwash
filter line.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

6.3.1. Mechanical Room’s Requirements

Water features enhance both the aesthetics and functionality of their
surroundings. Therefore, it's important for the design of the mechanical room
to align seamlessly with these aspects. Proper planning is essential to ensure
the optimal performance of the water feature and to facilitate safe and
efficient maintenance operations. When an architect designs the mechanical
room as part of the overall building layout, it is crucial that the location and
space allocated for the mechanical components of the water feature are
well coordinated.

The size of the mechanical room is vital for accommodating various essential
components, such as pumps, filters, and the associated plumbing system.
Clear organization of these elements is key to creating a well-structured
and easily navigable space. Adequate space allocation allows for smooth
installation, ensures that necessary clearances are maintained, and avoids
any obstacles that could impede functionality.
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Having an appropriately sized mechanical room is about accommodating
the installation of components and facilitating easy access for adjustments
and maintenance. Careful consideration must be given to each component’s
accessibility.

Safety considerations are crucial, particularly regarding regulatory
requirements for elements such as electrical power and water lines. Safety
components like waterisolation valves, emergency power switches, and fuses
should be installed in visible locations that are easily accessible. To enhance
functionality and space efficiency, operational switches and conftrollers
may be wall-mounted, but their access must remain safe and unobstructed.
Controlling access is crucial to prevent unauthorized tampering with the
critical components of the mechanical room while allowing easy entry in
emergencies.

Components that require frequent attention, such as filters and operating
valves, should be strategically positioned near the room’s enfry point for
efficient maintenance. Additionally, the plumbing layout should be designed
to minimize potential tripping hazards. Adequate illumination within the
mechanical room is also important to ensure visibility for all components.
Considering the possibility of splashes during maintenance activities, it is
essential to have appropriately sloped floors that lead to a properly sized
drainage system connected to a sanitary line. Furthermore, integrating a
ventilation system within the mechanical room is vital o manage humidity
levels and protect the integrity of the room'’s structures, electrical elements,
and adjoining spaces.

Key Coordination Issues:
* Aligning pumps, water features, and lighting with site design forimproved
aesthetics and performance.

» Synchronizing lighting with site features using fimers for scheduling.

e Coordinating sound and lighting fo enhance ambiance while reducing
nighttime disturbances.

e Optimizing pumping and filtering schedules with timers to improve
efficiency.

 Integrating the mechanical room into the building layout while ensuring
safety and functionality, including spaciousness and organization for
easy maintenance.

e Installing accessible safety components while preventing unauthorized
access.

e Positioning filters and valves near the enfrance to minimize maintenance
fime.

* Maintaining good lighting and ventilation in the mechanical room.
e Usingslopedflooring and drainage to manage waterduring maintenance.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.
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7.1.4. Mechanical Rooms, In-ground Vaults, and Above-ground
Kiosks

Installing dry mechanical systems just above ground without a protective
enclosure offers simplicity and ease of maintenance, allowing easy access
to the equipment. However, this approach may not be suitable for projects
in publicly accessible areas due to the risks of fampering and vandalism.
Additionally, exposing these systems to external elements, such as harsh
weather conditions, increases the likelihood of damage or deterioration over
time. Therefore, providing some form of cover for the equipment is advisable.
This cover can protect against the weather while enhancing aesthetics and
reducing noise levels.

The optimal placement of mechanical systems depends on the site design and
the potential forintegrating the mechanical equipment with nearby structures
or the landscape. When a water feature is part of a larger structure, such as
residential apartments, offices, or commercial buildings, a significant portion
of the mechanical components, such as pumps, filters, and controllers, are
typically housed in a dedicated mechanical room. These rooms are usually
located in the building's basement or underground parking area, posifioned
at or below the elevation of the water feature.

However, if it is not feasible to place mechanical components within an
adjacent structure, they may be securely placed in above-ground kiosks or
in-ground vaults. Alternatively, pumps, filters, and other components can be
discreetly installed and protected with weather-resistant covers or enclosed
in boxes to improve aesthetics and provide weather protection. Each of these
options has its own set of advantages and disadvantages.

Typical mechanical room requirements are discussed in Chapter 6.3.1 —
Mechanical Room’'s Requirements, focusing on the necessities for safety and
optimal functionality. However, it is crucial to note that above-ground kiosks
and in-ground vaults should adhere to similar standards. Safe accessibility to
the components is a vital consideration, dictating the size and layout of the
holding space. The design of plumbing circuits, with particular attention to
connecting mechanical components with fixtures located in water features,
is discussed in Chapter 7.6.4 — Integration of Plumbing Circuits into Structures.

Mechanical rooms ensure protection from external elements such as weather
conditions and potential vandalism. However, it isimportant to note that utilizing
indoor space formechanicalsystems mayresultin allocafing valuable floor area
within a building. Additionally, adequate ventilation must be provided within
the mechanical room to ensure proper airflow and temperature regulation,
which can add to the system’s complexity. The placement of mechanical
rooms should be carefully coordinated with the design of water features. This
coordination ensures that the mechanical design effectively incorporates the
location and elevation of critical components. Furthermore, the placement
must fake into account the functionality of adjacent spaces and the routing of
plumbing circuits that connect the mechanical room to the pond.
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Kiosks are structures designed to house mechanical systems outdoors while
providing essential protection. A wide variety of commercially available
designs, including pump and filter boxes, kiosks, and sheds, can be easily found
at hardware stores and pool supply outlets. These systems come in different
sizes, materials, and styles to suit various aesthetic preferences and functional
needs. Many models are constructed from durable, weather-resistant materials
to ensure longevity, while some include locking mechanisms for added security
against tampering. Users can choose between standalone units and integrated
designs that conceal mechanical components within the landscape.
Additionally, these ready-made solutions often feature convenient access
points for maintenance, making them a practical choice for both residential
and commercial water feature installations.

Kiosk designs can be customized to harmonize with their surroundings. While
they effectively balance outdoor exposure and protection, their vulnerability
to weather damage and vandalism depends on their construction quality. As
a result, regular maintenance and inspections are necessary to maintain the
functionality and integrity of the mechanical systems housed within.

Furthermore, strategically placing the kiosk near the water feature enhances
the efficiency of circulation systems and reduces pressure losses associated
with longer plumbing runs that would be required if the kiosk were situated
further away from the pond.

In-ground dry vaults, featuring a solid
and lockable cover, provide excellent
profection for mechanical systems by
placing them below ground level. This
underground positioning shields the
systems from harsh weather conditions
and potential vandalism, creating
a secure operafional environment.
Additionally,  these  vaults  offer
aesthetic benefits and help reduce
noise disturbances associated with
pump operation.

However, constructing underground vaults requires careful planning and
execution to ensure structural infegrity and accessibility. Proper drainage and
ventilation systems are essential to prevent moisture buildup and maintain
adequate airflow within the vault. Thoughtful consideration of the vault size is
crucial to accommodate all equipment while enabling easy maintenance
access safely. Furthermore, the durability of the vault cover must be prioritized to
protect the equipment, ensuring public safety and aesthetfic harmony.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.
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7.3. Selecting Pipes and Fittings for Water Feature

In the previous chapter, we examined the intricate dynamics of water
circulation within a water system. As we journey deeper into the design of
mechanical water features, we will now focus on the crucial task of selecting
specific components, such as pipes and fittings. In this section, we will discuss
how to choose the appropriate sizes and materials, taking into account factors
like water flow, water pressure, and the durability of the materials. This critical
decision-making process is cenfral to designing effective water features
and weaves together hydraulic considerations, material characteristics,
system efficiency, and design elements necessary to achieve the desired
effects. From ensuring optimal water flow to addressing structural durability
and navigating the multifaceted terrain of fittings selection, this section of
the book calls for a fusion of fundamental fluid engineering knowledge and
creative skills required for effective water feature design.

To set the stage, let’s start by clarifying some key engineering terms to help
unravel technical complexities. Many people misunderstand fluid dynamics
concepts like velocity, flow, and pressure. This guide aims to clarify these
essential elements.

Water velocity is the speed at which water moves through a pipe or channel,
usually measured in meters per second (m/s) or feet per second (ft/s). It is
similar o measuring the speed of water flowing through a hose. Higher
velocities mean the water is moving quickly, while lower velocities indicate a
slower flow.

Water flow, also known as discharge or flow rate, measures the volume of
water that passes through a pipe or channel over a specific fime period.
Depending on the size of the flow, it can be expressed in various units. For
smaller flows, it is commonly measured in litres per minute (LPM), litres per hour
(LPH), US gallons per minute (GPM), or gallons per hour (GPH). For larger flows,
the rate may be measured in cubic meters per second (m?3/s) or cubic feet
per second (ft3/s).

Water velocity and flow are interconnected: velocity indicates the speed
of water movement, while flow measures the volume of water moving
over a specific period. Managing the velocity of water flow is essential for
maintaining optimal conditions within a pipe system. By controlling the speed
of flow, smoother pafterns can be achieved, resulting in minimized pressure
losses and a reduced risk of damage fo the pipes.

Water pressure, on the other hand, refers to the force exerted by water
against the walls of a pipe or container. It is typically measured in units like
pounds per square inch (PSI), bars, or kilopascals (kPa). This pressure propels
water through an orifice, influencing its velocity—whether that's a higher or
lower speed.
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However, distinguishing between water pressure and the force resulting from
water velocity can be fricky. People often wrongly assume that if you narrow an
opening in a pipe, the water pressure will increase, resulting in a more forceful
flow. But that is not exactly how it works. What actually changes, is the force of
the flow resulting from the increased velocity of the water, while the pressure of
the water remains unchanged. This interaction aligns with the laws of physics,
where “force is the result of multiplying an object’s mass by its acceleration”.
For example, when using a garden hose attached to a domestic water tap, the
water pressure from the tap remains constant no matter what is attached at the
end of the hose. Squeezing the hose or adding a narrow attachment makes the
water shoot out more forcefully and cover alonger distance. Despite the feeling
of increased pressure, what is really happening is the water’s speed ramps up
due fo the narrower opening, resulting in a more powerful and farther-reaching
flow. This example underscores why knowing the difference between pressure
and velocity is crucial, as it greatly impacts how fluids behave in a system.

Understanding water pressure, velocity, and flow is crucial in water features,
as they collectively impact performance and visual appeal. Let’s break down
how these aspectsinfluence the mechanical design of water feature systems.

Water flow and velocity directly influence the dynamic effects seen in fittings.
Take a fountain, for example. The height of its water jets and the distance water
travels horizontally depend on the speed of the water at the nozzle’s tip. Higher
velocity results in stronger forces and more impressive effects. Importantly, if the
same amount of water, under the same pressure, flows through pipes of different
sizes, it leads to varying water displays due to faster flow in narrower pipes.

Water flow and velocity are closely linked to water pressure, enabling water to
move through plumbing systems against the force of gravity. As water fravels
upward through pipes, gravity works against the pressure, gradually reducing
it. Additionally, water experiences resistance due to friction against the walls
of the pipes and bends in the system, which further lowers the pressure.

This decrease in pressure results from the redistribution of energy within the fluid
system, diminishing the energy available for the water to overcome obstacles,
such as passing through a small opening in a fountain jet nozzle. Consequently,
the loss of initial pressure as the water moves through the plumbing circuit
reduces its flow and slows its velocity. This reduction affects key characteristics,
such as the intensity of the water display in features like fountains.

Understanding the importance of flow and pressure is crucial for achieving
optimal performance when sizing fthe plumbing for a water feature.
Components like pipes, water jets, and fountain fittings are designed to
create specific water effects, including the shape and size of spray patterns,
water intensity, and the height of water propelled from jets in fountains. These
effects rely on two fundamental parameters: flow and pressure. Adjusting
either of these parameters can lead to different results from the same fitting.
The diameter of the pipes and the size of the orifice in a jet fitting are precisely
calibrated to achieve the desired water velocity, which is contingent upon
the correct flow and pressure supplied by the plumbing. This ensures that the
water feature performs as envisioned and designed.
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The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

7.5.1. Key Considerations in Waterfall Design

Various critical factors must be carefully considered when designing a waterfall
to effectively achieve the desired outcome. Even small variations in the
design or flow of the waterfall can significantly influence its overall aesthetics,
functionality, and sustainability. From the technical dimensions and intensity
of the water stream to the selection of construction materials, every decision
plays a vital role in shaping the final result. Below is a compilation of important
factors and their brief descriptions that should be considered.

Waterfall Width: This is the width of the falling sheet of water, primarily governed
by the width of the weir. Nevertheless, several other factors can influence
the width of the falling water, including wind conditions, the shape of the
waterfall structure, or the integrity of the falling water itself. These elements
collectively impact the visual spectacle of the display.

Waterfall Height: This refers to the distance from the weir's edge to where the
water meets the lower pond or any other elements that halt its descent.
Beyond its technical implications, the waterfall's height significantly influences
its auditory ambience and visual appeal. Furthermore, it confributes to the
water splash at the base and the potfential fragmentation of the stream as it
falls through the air.

Waterfall Wall Batter: The term “batter,”
also known as incline or angle, refers |
fo the intentional backward slope of
a waterfall wall. This design enhances
structural stability, improves water flow
dynamics, and creates an aesthetically
pleasing cascade effect. The slope
allows the water to distribute evenly
across the wall surface, minimizes
splashing, and ensures  durability |
against water pressure over fime. It is |
typically measured in degrees from
the vertical; for example, a 3° baftter
indicates a slope of 3° from the vertical.

Batter |

— e el | b B
Water
Sheet
_ Thickness

Waterfall Height
Freeboard

]

Waterfall Wall |\ T

|

Water Sheet Thickness: This vital waterfall characteristic, measured at the
weir's edge, is crucial for precise waterfall calculations. The thickness of the
falling sheet of water changes as the water descends, owing to the increased
acceleration during its descent.
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Water projection: Waterfalls that begin with a high water velocity may project
water away from the waterfall wall rather than allowing it to fumble directly
down onto the baftered surface. Similar to spouts and gargoyles, the distance
and angle at which water is propelled outward from the edge of a waterfall
depend on the shape of the weir, its height above the pond, and the velocity
of the water.

Stream Intensity: This important characteristic of a waterfall relates to our
observations of the current’s strength or gentleness as it cascades down. This
perception is dependent on the mass of the falling water, which is primarily
determined by the water sheet thickness and, to a lesser extent, the width or
height of the waterfall.

Required flow: This technical characteristic of the waterfall stands as one of
the most critical elements requiring determination during the mechanicall
design process. It can be calculated based on the desired stream intensity
and the width of the weir.

Water Integrity: This determines the visual characteristics of the falling water,
defining whether it maintains a cohesive sheet, divides info parallel streams,
or resembles rainfall.

Free-fall or Surface Slide: This distinction dictates whether the water cascades
freely through the air or slides down a surface, each option possessing unique
qualities.

Splash Control: This refers to the design considerations aimed at managing
potential splashing, which could impact surrounding areas and may require
specific maintenance activities.

Water Migration: This involves managing water movement in free-fall or
along the waterfall's base surface to ensure it remains within the infended
boundaries.

Water Sourcing: This ferm encompasses acquiring and collecting the “Water-
in-Transit” responsible for creating the waterfall, guaranteeing a consistent
and ample water supply to sustain its low and presence.

Noise Level: This aspect refers to the auditory characteristics of waterfalls,
recognizing that they can vary in the sound they emit. Depending on
the context, this noise may be considered desired and beneficial, contributing
to the environment’'s ambience or undesired, necessitating mitigation
measures.

Operational Costs: This involves assessing the expenses related to the
waterfall's operation, including maintenance procedures and water and
energy consumption.
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Materials: This refers to selecting materials for constructing the waterfall
structure, considering factors such as durability, aesthetics, and compatibility
with the surrounding environment.

Weir Levelling: This process ensures the correct levelling of the weir to maintain
the desired flow rate and visual appearance of the waterfall.

When planning a waterfall, it's essential to consider how various factors
intferact to achieve the desired effects efficiently and effectively. Recognizing
that these factors influence each other requires simultaneous consideration of
almost all aspects, which makes waterfall design arelatively complex process.

For example, the intensity of a waterfall primarily depends on the thickness
of the water sheet flowing over the weir. However, it is also influenced by key
physical atftributes, including the height of the falling water and the width of
the weir. Each of these factors contributes to various aspects of a waterfall's
characteristics. The height of the waterfallis crucial because it determines the
potential energy, which is converted into kinetic energy during the descent.
This, in turn, affects the size of the splash at the base. However, when evaluating
the waterfall’s intensity, observers notice the dynamic characteristics of the
falling water interacting with the air and the walls of the waterfall more than
the splash itself. Therefore, the intensity of the waterfall may depend more on
the flow of water rather than the height from which it falls.

To calculate the optfimal flow of a waterfall, one must primarily consider the
width and thickness of the water sheet instead of the height of the descent.
For example, if two waterfalls have the same flow rate but differing widths,
the wider waterfall will spread the flow over a larger area. This will result in a
thinner sheet of water, thereby reducing the perceived intensity compared
to a narrower waterfall with a thicker sheet of water. Ultimately, in most cases,
it is the thickness of the water sheet that determines how intense the waterfall
appears.

All other factors listed above play important roles in the success of a waterfall
system. In the following chapters, we will discuss the most critical factors and
explain why they must be considered during the design process.

When it comes to the complexities of designing waterfalls, there is no one-size-
fits-all scientific formula that provides precise guidance. Consequently, many
designers rely on practical calculations, drawing from their experience and
observations. The following paragraphs briefly describe the most common
dimensions for waterfalls built in urban environments. This outline is based on
practical experience and observations from various locations.

In most urban projects, the initial depth of water flowing over a weir on a
waterfall sheet typically ranges from 3 mm to 25 mm (about 1/8 inch to 1 inch).
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Low-intensity waterfalls generally have a water thickness of around 3 mm to 6
mm (approximately 1/8 o 1/4inch). When the sheet of falling water measures
under 3 mm (1/8 inch) at the weir, it usually results in a gentle tfrickle. However,
it is essential to consider that, as further discussed in Chapter 7.5.1.4 - Minimum
Recommended Thickness of Water Sheet, a thin sheet of cascading water is
prone fo relatively quick fragmentation into a series of streams or a rain-like fall
due to its interaction with the air.

To create a gentle and consistent waterfall, it's generally best to maintain a
water thickness of approximately 6 mm (1/4 inch) at the weir. Waterfalls that
have a gentle flow perform better when water flows over a waterfall structure
or, if they are free-falling, when they are shielded from the wind and their
height is kept fo under 1 meter (about 3 feet).

For medium-intensity waterfalls commonly located in urban settings, a water flow
of approximately 10 mm (3/8 inch) is generally adequate. However, if the waterfall
isintended to be afocal point of the design or needs to have a noticeable impact,
the water thickness at the weir should be around 25 mm (1 inch).

A waterfall with a thickness of 50 mm (2 inches) falling from a weir creates a
notably intense display. In urban settings, constructing highly intense waterfalls
with water thickness exceeding 50 mm (2 inches) is relatively rare and typically
reserved for designs that call for particularly dramatic and large water features.

It's important to note that the technical design of such large waterfalls
requires significant sizing of the circulation system, including large pumps and
plumbing components, and may necessitate a substantial power supply to
operate effectively.

The width of typical urban waterfalls, determined by the length of their weir,
usually ranges from 0.3 mefters to about 5 meters (approximately 1 foot to 15
feet). This variationisinfluenced by factors such as the scale of the water feature
and its associated operational costs. Regarding height, urban waterfalls usually
range from a modest 0.3 meters (around 1 foot) to heights equivalent to one
or two stories of a building, which is approximately 3 to 6 meters (10 to 20 feet).

Wider or taller waterfalls are rarely found in urban areas unless they are located
in prestigious spots where a significant visual impact is desired. However, the
complexities involved in designing and installing these larger structures can
be challenging for less experienced designers and installers.

The two main issues associated with long waterfall weirs are high operational
costs and difficulty levelling the weir over an extended distance. A substantial
pump and plumbing system is essential for a long waterfall weir with a
significant water thickness, such as over 10 mm (3/8 inch). However, if the
wafter thickness is reduced to 6 mm (Y4 inch) fo save on operatfional energy
costs, achieving a level weir at this water thickness can be challenging during
construction, especially for very long weirs. Additionally, the structure may be
affected by uneven sefting over time. Chapter 7.5.1.4 — Minimum
Recommended Thickness of Waterfall Sheet provides further details on the
design complexities related to waterfall sheet thickness.
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If a very long weir is required for a unique design,
a practical solufion is to divide it info several
shorter sections. This approach can simplify
construction and reduce the overall width of
the waterfall. However, a critical consideration |
for a divided waterfall is that all weirs drawing
water from the same upper pond must be set |
at exactly the same elevation. This ensures that |
the performance of each section of the waterfall
closely matches the others. To address the
challenges of maintaining proper water levels in
either a long weir or multiple weirs drawing from
the same upper pond, it may be necessary to
install adjustable water levelling systems, which
are discussed in Chapter 5.8 - Designing Weirs.

For waterfalls that exceed 1.2 meters (or 4 feet) in
height, it is important to consider how the
accelerated velocity of the falling water interacts
with the surrounding air and other features of the
waterfall. When the water falls at this increased
velocity and begins to engage with the
environment, it often takes on a rain-like
appearance or breaks info multiple streams. This
can occur due to the greaterresistance of the air
or from impact with the structural elements of the
waterfall. For more details on this topic, please =
refer to Chapter 7.5.1.2 — Optimal Dimensions of a
Free-Falling Waterfall.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

7.6.3.1. Circuit Components Essential for Water Quality

As discussed in Chapter 7.2 — Water Rotations in Water Features, the optimal
water circulation within a water feature is closely tied to the selection of
system components infegrated info the design. The operational circuit, which
drives the visual performance of features like jets and waterfalls, depends on
choosing the right number and size of these elements and determining the
appropriate flow intensity. Meanwhile, the maintenance circuit ensures that
all the water in the system undergoes the required minimum daily filtfration
and/or purification by meeting the necessary flow requirements. Therefore,
finalizing these components’ selection is essential before beginning the
plumbing circuits’ detailed engineering design.
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Inthe case of medium-sized waterfeatures, maintenance circulation components
typically encompass a specialized filtering system that has its unique prerequisites
and capabilities. Prefabricated filters for water features typically have flow
limitations between 40 LPM (10 GPM) and 400 LPM (100 GPM). Among these,
swimming pool and jacuzz filters, including sand and cartridge types, are often
preferred for their availability and ease of maintenance. Mechanical filters
accumulate debris over time, which increases resistance and necessitates
regular cleaning. In larger water features, employing multiple filters can enhance
filtration efficiency and reduce maintenance frequency, managing greater
water volumes while extending intervals between cleaning tasks. This approach
ensures effective filfration and minimizes downtime and manual mainfenance.
While Chapter 9 — Quality of Water provides detailed information regarding
selecting the optimal filtering and water purification systems, our current focus is
on integrating these systems into the plumbing design.

After selecting the appropriate filter, the next critical steps are sizing the
plumbing circuit, as detailed in Chapter 7.7 — Sizing the Pipes, and choosing a
pump that meets the required flow, outlined in Chapter 7.8 — Pump Selection.
Once the plumbing and pump are determined, all components should be
assembled intfo a practical, easy-to-understand, and maintainable circuit.
The clarity and accessibility of these components are crucial, as maintenance
crews will frequently access this part of the plumbing system for various tasks.
Forinstance, filter maintenance requires temporarily shutting down the system,
as tasks like replacing cartridges or adjusting the backwash valve should only
be done when the pump is off and water circulation has stopped. To facilitate
these procedures, it is essential to place the filter close to the pump or its on/
off switch for easy access. Additionally, in cartridge systems, installing isolation
valves is important. These valves prevent water from leaking from the open
carfridge container during servicing and should be appropriately sized to
match the plumbing leading to the filter.

A similar approach is required for integrating the water purification system
info the plumbing circuit, even though these components are less frequently
serviced than those involved in mechanical filfration maintenance. Purification
systems, such as UV sterilizers and ozone-generators, target and neutralize
pathogens or algae rather than physically capture debris. Therefore, their
servicing activities generally involve occasional cleaning and replacing
components as needed. Infegrating these systems into the plumbing is usually
straightforward, but following the manufacturer’s specifications is crucial to
ensure opfimal performance.

Installing isolation valves in the plumbing before and after components requiring
occasional repairs or maintenance is a best practice for any water feature
system. These valves provide essential control points, enabling the isolation of
individual components for maintenance orrepairs, all while keeping water within
the overall system. When it is time to replace or repair the filter, these valves can
be closed, preventing water from flooding the mechanical room. This isolation
ensures a safer and more efficient maintenance procedure, reducing the risk of
water damage, minimizing water loss, and simplifying the task.
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The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

7.6.4. Integration of Plumbing Circuits into Structures

Integrating a plumbing system into a water feature involves more than just the
plumbing within the pond itself. It also includes the water supply, drainage, and
circulation lines that connect the pond components to the pump and filiration
system. These systems can be located within the water feature orin a mechanical
room situated some distance away. This distance can vary both horizontally and
vertically in relation to the pond. When running pipes through various structures,
such as building floors, walls, or landscaping elements, careful consideratfion of
multiple factors is necessary to ensure efficient and reliable operation.

The circuit design must factor in pressure losses associated with pipe size
and routing complexities, including considerations of pipe length and
the number of bends. Lines and fittings must be resilient against potential
corrosion or mechanical damage. Penetrations through the pool structure
must be executed tfo minimize the risk of leakage, while pipe routing should
harmonize with the water feature’'s design and functionality. Strategic
placement of outflows, inflows, and access points to valves and fittings is
essential for ease of adjustment and maintenance. Since circuit plumbing
carries rapidly moving water, structural support is necessary to prevent
vibration, particularly if the pipes are not buried or tightly integrated into other
structures. Moreover, installed circuits must remain easily accessible for testing
before burial or embedding, with critical components readily reachable for
future maintenance. Furthermore, pipe placement should balance aesthetic
appeal with practicality.

Other sections of this book address issues, such as pipe materials and sizing.
In the upcoming chapters, we focus on the design implications of infegrating
the circuit system info the broader site design and the water feature itself.

7.6.4.1. Circuit Penetrations Through Pond Structures

In water feature designs, there are generally two options for installing the
circulation system. The first, commonly seen in urban settings, involves
placing the mechanical pump and filiration system outside the pond, while
positioning the water display and its associated circulation components within
the water feature itself. The second approach, often seen as simpler, entails
locating all plumbing components inside the pond, potentially eliminating
the need for structure penetrations through the water feature shell. This setup
typically includes a submersible pump and a straightforward network of pipes
connecting the pump to features like jets or waterfalls. However, even in
submerged pump systems, wall penetrations may sfill be necessary for water
supply and drainage.
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Infegrating plumbing circuit systems info a water feature’s structure is a critical
step, necessitating penetrations through the structure itself. These openings
are crucial for the functionality of the system. Considering that any penetration
through the structure of the pond poses a potential long-term risk of leakage,
these penetrations require special considerations.

To reduce the risk of water leakage from the pond, it is recommended to
position enfry points for these circuits above the anficipated water level
whenever feasible. However, this approach may not apply to certain
installations, like drainage systems typically situated at the lowest point of
the structure. In cases where the circulatfion plumbing cannot be installed
above the water line, various watertight plumbing penetration fittings are
available, each tailored to different project needs. Three commonly used in
water feature construction are bulkhead fittings, cast-in-concrete flanges,
and flanged fittings. More detailed information about these fittings can be
found in_Chapter 7.4.2 — Watertight Penetrations Fittings for Pond Structures.
Nevertheless, bulkhead fittings are versatile and suitable for various pond
shell materials, offering adjustable sizes for different wall thicknesses. Cast-in-
concrete flanges securely anchor pipes within concrete walls, providing a
watertight seal and preventing movement perpendicular fo the wall. Flanged
fittings feature a sturdy base for attachment to surfaces and are ideal for
applications requiring a strong, reliable connection. Each fitting type has
limitations and advantages, catering to different construction needs and
preferences.

While bulkhead fittings and cast-in-concrete flanges are most commonly
used to seal pipe penetrations through pond walls, other fittings and solutions
are available. One of the simplest solutions involves roughening the exterior
of a PVC pipe using PVC glue and coarse, sharp-edged sand. When the glue
is applied to the surface of the pipe and rolled in the sand while the PVC is
temporarily adhesive-infused, the exterior takes on a texture similar fo rough
sandpaper once the glue hardens. When this treated pipe is embedded in
concrete, it forms a stronger bond with if, reducing the likelihood of leaks
along the pipe surface. Another straightforward alternative involves placing
a flexible or rigid pipe through the wall and sealing the orifice with a sealant
such as silicone or a similar product. However, these two methods are best
suited for low-pressure connections and are generally less reliable than
prefabricated fitting. These penetrations are susceptible to damage due to
their relatively weak connections, making them less suitable for long-term
functioning water features.

The choice of penefration solution depends on factors like the feature’s size,
materials used, and functional requirements. Whether a small liner-based
garden pond or a grand concrete fountain, selecting the appropriate
plumbing penetfration method is vital fo maintaining the water feature's
infegrity and aesthetics. Additionally, adhering to local industry standards
and manufacturer guidelines is crucial for a successful installation.
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The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

7.7. Sizing the Pipes

Proper pipe sizing is critical when designing a water feature, ensuring efficient
water flow and system performance. One of the most important aspects to
consider is the diameter of the pipe, as it significantly affects the flow rate.
A larger cross-sectional area allows more water to pass through with less
resistance, reducing pressure loss and energy consumption.

In addition to diameter, pipe thickness is another crucial consideration,
especially for high-pressure systems. Thicker pipes are better equipped to
withstand internal pressure and external forces, conftributing to the durability
of the system. However, confusion often arises between nominal pipe size
(NPS), or “named size,” and the actual inside diameter. For instance, a pipe
labelled as 25 mm or 2" may not necessarily measure 25 mm or 2 inches
internally. The nominal size serves as a standard reference, while the actual
inside diameter varies depending on the pipe’s material and wall thickness.

This discrepancy is vital when selecting pipes and fittings, as mismatched
components can lead to leaks, inefficiency, or even system failure. Accurate
calculations are essential in the design process to account for factors such
as pressure and the internal friction of water against the pipe walls. Internall
friction significantly impacts both the flow and pressure of the water at the
pipe’s outflow, which is crifical for ensuring the safe operation of the system
and maintaining the integrity of the pipes.

Understanding these aspects of pipe sizing (diameter, thickness, and standardized
naming conventions) ensures that the chosen piping system aligns with the water
feature’s operational and design requirements. Attention to detail in these areas
is crucial for optimizing the circulation system’s functionality and efficiency.

Chapter 7.3.1 — Pipes and Fittings Material, provides an overview of the most
common materials used for pipe manufacturing. Each material possesses
unique characteristics, including resistance to pressure forces and durability
in relation to the wear caused by the friction of water lowing inside.

Subsequent sections of this chapter will provide detailed information for each
of these critical factors. However, to better infroduce the topic of pipe sizing,
let’s first provide a concise overview of three critical factors that must be
considered in every calculation for circuit plumbing design.

Safe Velocity of Water: Determining the appropriate pipe size is crucial for
maintaining a safe velocity for flowing water. The pipe material plays a
significant role, as increased flow velocity presents varying levels of risk for
potential pipe damage. This risk primarily stems from the intense friction
between the water and the pipe walls.
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Pressure Resistance: Ensuring adequate pressure resistance is pivotal when
sizing pipes for water features. This consideration depends not only on the
type of material but also on the wall thickness of the pipe. The pipes must
withstand the water’s pressure as it moves through the system. Selecting
the pipe material and sizing its thickness to accommodate the expected
pressure ensures the system’s structural integrity and prevents potential leaks
or ruptures.

Pressure Loss Inside the Pipe: Both the material of the pipes and the size of the
intfernal diameter significantly affect the pressure loss experienced within the
system due to friction. Various materials exhibit different friction levels against
flowing water, impacting overall pressure and water movement. Additionally,
the size of the pipe influences the surface area in contact with the water,
thereby affecting frictional effects. Therefore, pipe sizing must carefully
consider these factors fo strike a balance that minimizes pressure loss while
maintaining optimal water flow.

Evaluating these factors is crucial to achieving an optimal balance between
water movement, pressure maintenance, and material durability. The
challenge lies in harmonizing these considerations to arrive at pipe sizes and
materials that facilitate efficient water circulation while minimizing pressure
loss and the risk of structural compromise.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

7.7.2.2. Pressure Loss

When designing the circulation plumbing for a water feature to efficiently move
water through the system, it is vital to consider that the various components
within the circuit may partially restrict the water flow. This resistance is commonly
referred to as ‘pressure loss’ or ‘head loss,” it is a crucial factor in selecting the
optimal components for the system and calculating their size or requirements.

Calculating pressure loss is crucial for selecting a suitable pump to generate
the necessary inifial pressure to deliver the required volume of water within a
specified timeframe to the desired location. This process involves identifying and
quantifying all potential factors that could obstruct water flow, starting from the
pump'’s location and extending to the furthest point in the plumbing system.

In pipe systems, pressure losses result from various factors, which are typically
grouped into two categories: minor and major losses. Minor losses occur due
to bends, fittings, and other components that interrupt the flow path, leading
to localized turbulence. Although these losses can add up to a substantial
amount, each loss is generally smaller in comparison to major losses. Major
losses, on the other hand, arise primarily due to elevation changes, flow
restrictions in fittings and valves, friction between the water and the pipe walls
along the pipe’s length, and alterations in flow velocity.
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Each of these factors creates resistance, resulting in a gradual reduction in
pressure along the pipe’slength, thereby significantly impacting the overall flow
performance of the system. Major losses are critical in the design of a plumbing
circuit, demanding careful consideration for optimal system functionality.

Besides the general distinction between major and minor pressure losses,
many factors can affect a system'’s pressure loss. Let’s briefly discuss the key
considerations that may influence pressure loss in a circuit. The following list
outlines the most common factors that can contribute to pressure loss within
the plumbing system of a water feature:

Elevation Changes: This is the most common type of pressure loss in the design
of water features. It occurs due to changes in elevation between different
elements of the system, such as the height of the water source compared to
the elevation of the waterfall weir.

Valves and Fittings: These components can create localized pressure losses
due to their shape, size, and how they divert or restrict flow, such as flow
through a partially closed valve or a sand filter.

Obstructions: Foreign objects, like drainage grills or debris, can increase
pressure losses in the fluid stream.

Friction Loss: This is the most common type of pressure loss. It occurs due to
the resistance to flow within the pipe or duct and depends on factors like pipe
roughness, flow rate, and pipe length.

Pipe Length: The longer the pipe, the higher the friction loss. This is a significant
component of pressure loss in most fluid systems.

Pipe Diameter: Smaller-diameter pipes tend to have higher friction losses than
larger-diameter pipes, assuming the same flow rate.

Flow Velocity: Higher flow velocities can increase friction losses, while lower
velocities reduce them.

Elevation Changes: Changes in elevation within the system can result in
pressure losses due to changes in potential energy.

Pipe Material Roughness: The friction losses in a pipe are influenced by
the roughness of its inner surface, which is related to the pipe’s material.
Rougher surfaces lead to higher losses due to their surface properties.

Bends and Elbows: Flow direction changes in bends and elbows can lead to
additional losses due to turbulence and vortices.

Expansion and Contraction: Sudden changes in pipe diameter, such as
expansions or confractions, can lead to pressure losses.

Piping Layout: The layout and configuration of the piping system, including
the number and arrangement of components, can affect pressure losses.
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It is essential to recognize that while many of these factors may influence
pressure loss, their impact may be minimal in smaller plumbing systems
typically found in water feature design. In contrast, when working with
extensive piping networks that extend for hundreds of meters or thousands of
feet, even minor losses can accumulate and significantly affect the system'’s
overall performance.

In many water feature projects that require a relatively small circuit system,
designers focus on key factors while often intenfionally ignoring precise
calculations of minor pressure losses. To counteract this potential issue,
designers usually incorporate a safety margin of about 10 tfo 15%. This
extra pressure allows for adjustments with a valve and serves as a buffer to
accommodate the small pressure losses that were initially overlooked, as well
as any minor variations that may occur during construction.

Afterthe systemisinstalled, this buffer enables fine-tuning of the water feature’s
performance by adjusting strategically placed manual valves. This approach
ensures the system operates optimally without complicating the initial design.

Without this safety margin, any minor changes in circuit design or the shape of
the water feature may require higher pressure than originally calculated.
Although some pumping energy might be wasted by adjusting the valve and
increasing pressure loss, this practical solution helps avoid potential problems
later due to insufficient pressure.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

7.7.2.3. Natural Water Pressure.

Natural water pressure is the force a

body of water exerts due to gravity.

This pressure increases with depth
because the weight of the water
above creates a greater downward

force. The pressure at any point

in a body of water depends on

how deep that point is below the J
water’s surface. Consequently, the !
deeper the point, the higher the
pressure. This concept is essential in
various aspects of fluid mechanics,
from water distribution in plumbing
systemstohowunderwaterstructures |
inferact with their surroundings. — | —

- Natural water source outflow level

_ Water tower outflow level

' Water tower outflow level
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Before the invention of pumps, many historical gardens relied on natural
wafter pressure to operate velocity-conftrolled weirs, gargoyles, and fountains.
Designers offen utilized the landscape’s natural fopography to create a
plumbing system facilitating water circulation and intricate fountain designs.
When the terrain did not provide enough pressure, a water fower was
constructed, which could be manually filled. Alternatively, water towers could
be replenished using mechanisms powered by wind or river flow, eliminating
the need for manual labour.

Today, this natural water pressure allows us to use water towers designed to provide
water distribution with relafively consistent pressure in plumbing systems. The
principle behind water towers is simple yet effective: by elevating a large reservoir
of water to a significant height, gravity generates pressure in the outflowing circuit
of plumbing. This elevated height ensures a relatively steady and reliable water
pressure, facilitating efficient water supply to communities.

As the water level in the water fower gradually decreases due to water
usage, the pump does not need o run continuously. Instead, it activates only
when the water level falls below a certain threshold, fopping up the tower.
This approach optimizes pump usage, ensuring a steady flow and pressure
regardless of the pump’s size or operating time. This concept can also be
used in water feature designs or in systems that collect rainwater.

Pressure units, such as milimetres, metres, feet, or inches of water, are particularly
useful for pressure calculations because they accurately represent the water
depth from the surface to the measurement point below. In practical terms, the
pressure measured in these units at an outlet located directly at the base of a water
container indicates the height difference between the water level and the outlet.

However, if the water container is placed on an elevated structure and a
pipe directs water from the container to an outlet located farther down, any
pressure losses along the pipe also affect the pressure at the outlet. These
losses can occur due to friction against the walls of the pipe and bends or
obstructions within the system.

This natural water pressure can present challenges in a pump room at an
elevation beneath the pond, where the plumbing circuit may need to be
open during maintenance tasks. Therefore, installing a manual shut-off valve
in the circuit at the point of entry into the room proves highly practical. This
valve allows water isolation from the system during maintenance, facilitating
safer and more efficient pump servicing without draining the entire system.

Natural water pressure plays a significant role in water feature design, impacting
system design at various stages. This consideration becomes parficularly crucial
when designing a multilevel water feature system. When an underwater plumbing
system connects two ponds at different elevations, gravity can cause water to
flow from the upper pond to the lower one when it is not being actively pumped
in the opposite direction, or this backflow is stopped by a valve. This could disrupt
the system’s visual and operational integrity, leading to water loss, increased
energy consumption, and potential damage to the pump.
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To prevent this issue, installing a check valve in the system is essential. The
check valve serves as a one-way gate, allowing water to flow only in the
intended direction when the pump is operational. When the pump is furned
off, the check valve automatically seals the circuit, ensuring that water
remains in its designated location within the water feature.

7.7.2.3.1. Understanding Natural Water Pressure in Pump Systems

The interaction between natural water pressure and pumps within the
plumbing system of water features is crucial and significantly impacts pump
selection and related calculations. The performance of a pump is affected by
the water both upstream and downstream of it. For example, head pressure
may need to be compensated for, and the pressure acting behind the pump
must be considered in the overall pressure of the system. This interaction
highlights the importance of carefully evaluating the dynamics of natural
water pressure and the pump’s capabilities to ensure optimal performance
and efficiency in water feature systemes.

In previous chapters, we discussed how major pressure losses and the pressure
requirements of selected fittings primarily govern the pressure needs for water
features. These losses include friction in the plumbing system, pressure loss
caused by elements that impede flow, and elevation differences between
components. Thus, when calculating elevation changes, it's essential to
measure the difference between the water level in the source pond and the
elevation of other components, such as the tip of the nozzle or the waterfall
weir. This measurement determines the energy required to move water from
one point to another.

It is crucial to consider that when water is pumped upward to a pool above
the water source, the natural water pressure must be considered on both sides
of the pump. When the pump is positioned at the lowest point in a U-shaped
circuit, the upstream pressure (before the pump) and the downstream
pressure (after the pump) will counteract each other. As a result, the pump
does not need to exert any effort to keep the water in the upstream and
downstream circuits at the same level.

Furthermore, the depth of the ponds (upper or lower) does not need to
be included in these calculations due to the principles of Communicating
Vessels. These principles dictate that connected containers will share the
same liquid level regardless of their shape or size, thanks to gravity. Therefore,
when calculating pressure losses for pumping water between two ponds, it
is essential to consider the elevation difference between the water levels in
both ponds and friction and obstruction losses in the circuit. However, the
elevation of the pump has minimal impact on overall pressure requirements.
This issue was earlier illustrated in Chapter 7.7.2.2.1 — Pressure Loss Calculations
when we discussed pressure losses related to the difference in elevation using
the water pumped up from a surge tank as an example.
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In designing water features, it is vital fo recognize that pumps operate within
specific pressure thresholds, with both maximum and minimum requirements.
Most pumps are engineered to function effectively despite fluctuations
in upstream or downstream pressure caused by variations in natural water
pressure. However, the performance and efficiency of a pump may vary
depending on these fluctuations. An increase in head pressure or greater
restrictions in water suction can lead to areduced flow rate, while a decrease
in head pressure or an increase in natural water pressure from behind the
pump can result in higher flow rates.

However, pumps have defined limits regarding pressure resistance. Excessive
head pressure can overwhelm the pump's capacity, causing water flow o
cease even when the pump is active. Conversely, insufficient head pressure
can lead to the pump running too fast, potentially damaging the motor
or causing a phenomenon known as ‘“cavitation,” where vapour bubbles
form and collapse within the pump, resulting in damage and inefficiencies.
Therefore, it is critical to carefully evaluate any changes in the dynamics of
a water feature, such as fluctuations in water levels upstream or downstream
from the pump, that may affect the pressure requirements.

A relevant example is a system with a surge tank typically located below the
pond’s water level. As the ‘water in fransit’ is gradually drawn from the surge
tank, the water level within the tank experiences natural fluctuations. When
the surge tank has a lower water level, the pump must push water from a
lower elevation, compensating for the increased head pressure and resulting
in reduced flow. Conversely, when the surge tank is full, the pump’s workload
is lessened, as it has to lift water from a higher elevation, which increases flow.
Therefore, when calculating the required pressure load, it is essenfial to
consider the maximum and minimum height differences that may occur in
the system.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

7.9.1. Safe Water Velocity in an Open Channel

Water velocity generates a force that can pose safety concerns when
exceeding certain values. As previously examined in Chapter 7.7.1 — Water
Velocity, high-speed water flow can induce destructive frictional forces
on pipe materials, leading to pipe thinning and eventual failure. This safety
concern has been extensively addressed in Chapter 7.7.1.2 — Calculating Pipe
Size Based on Water Velocity. In this chapter, we will delve into the implications
of water velocity in an open channel, particularly regarding public safety
when individuals inferact with flowing water that is accessible.
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A typical relaxing walking speed is around *1.5m/s (5 ft/s), with a slow walk
measuring just under Tm/s or 3 ft/s. If the water in the channel exceeds this
walking speed, it may excite some people, while a slower flow tends to make
people feel more relaxed. This can be deceiving, because even at arelatively
low velocity of 0.3 m/s (1 ft/s) and a depth of 0.15 m (6 inches), the water may
appear deceptively harmless, but it can pose some risks.

When wading into an ankle-deep stream moving at this speed, individuals
can lose their footing and risk being swept away in the flow. The following
table presents various water velocity and depth combinations, offering
a spectrum of water channel design considerations, aimed at assisting
designers in determining safe parameters. Each combination is denoted by a
letter label categorizing them into five safety categories. Beginning with “A”,
indicating a safe category, with all subsequent labels (B, C, D and E) where
water conditions gradually increase the level of risk.

Water Depth in metres (top) inches (bottom)

Water Velocity

005 | 01 (015 0.2 | 025 | 0.3 | 0.35

m/s ft/s 2 4 6 8 10 12 14
0.5 1.5 A A B C C D E
0.75 2.5 A B C C D E E
1 3 A B C C E E E
1.5 5 B C C D E E E
2 7 C D D E E E E
2.5 8 D E E E E E E

In the above table, the labels A-E indicate the level of safety for wading where:
A: Acceptably safe for most individuals to cross, though caution is
advised on slippery or uneven surfaces.

B: Bears moderate risk, particularly for children and the elderly; under-
standing the current’s strength is critical.

Considerably hazardous; the likelihood of someone falling is high.

D: Dangerous and nearly impossible to cross without specialized
equipment.

E: Extremely dangerous for attempting to cross water with this veloci-
ty and depth.

.| LASquare - Landscape and Aquatic Architecture https://LASquare.org +27 72-655-0911



https://lasquare.org/index.php/home/thehandbook/
http://lasquare.org
https://lasquare.org/index.php/home/thehandbook/
https://api.whatsapp.com/send?phone=27
726550911

At higher velocities and depths, the risk of accidents, such as slipping,
stumbling, or being pulled into the water, significantly escalates. Therefore, it
is crucial to establish safety limits and exercise caution in areas where water
flows with such force. Protective measures, including warning signs, barriers,
and sometimes even lifeguard supervision, should be implemented to ensure
the safety of the public near swiftly moving water.

When designing a water feature that incorporates a channel or a natural-
looking stream, it is critical to prioritize safety. Employing the Manning
equation, with the appropriate selection of the roughness coefficient “n,”
and calculating water’s velocity and depth is essential to ensure that water
flow within the open waterway does not pose a safety hazard to visitors.

At higher velocities and depths, the risk of accidents, such as slipping,
stumbling, or being pulled info the water, increases significantly. Therefore, it
is essential to set safety limits and exercise caution in areas where water flows
with great force. Protective measures, including warning signs, barriers, and
sometimes lifeguard supervision, should be implemented to ensure public
safety near swiftly moving water.

In projects that require a substantial low rate of water, such as for a large
waterfall, it is essentfial to implement safety measures, especially when the
open channel supplying water to the weir poses risks to the public. One
effective approach is to install protective fencing to restrict public access
to the rapidly flowing channel. This fencing must comply with local safety
standards for guardrails, which can vary by jurisdiction. Generally, a safe
guardrail should be non-climbable, feature sturdy rails with openings no larger
than 100 mm (4 inches), and stand at a height of approximately 1 meter (42
inches).

Another effective way to manage large water flow in areas where the public
may come into contact with the water is to redirect most of the water through
an underground piping system that is not accessible. This allows only a smaller
portion to remain as an open channel that people can access. When
designing this open channel, it is essential to consider both the depth of the
water and its velocity to ensure that the flow remains safe for visitors.
Additionally, when dividing the flows between the two systems, it is crucial to
assess the flow capacity of the pipes carrying the remaining water. For this
purpose, the Hazen-Williams equation can be used to evaluate gravity-driven
water velocity in pipes, while the Manning equation is applicable to open
channels.

Formore information on calculating water velocity in sloping pipes and channels,
refer to Chapter 7.10.1 - Calculating Gravitational Water Velocity in Pipes and
Chapter 7.10.2 - Calculating Gravitational Water Velocity in Channels.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.
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7.11. Flow Rates for Sloping Open Channels’ Design

When gravity drives water movement in a sloping open channel, the water
velocity can be determined using the Manning formula, as discussedin Chapter
7.10.2 — Calculating Gravitational Water Velocity in Channels. However, in
many projects, the flow rate is the critical factor in the design process rather
than water velocity. For example, we may need to determine the optimal
flow rate of an existing channel with specific dimensions and slope, which is
necessary for selecting a suitable pump that matches the channel’s natural
flow rate and can maintain the desired water depth in the channel.

In other situations, if an open channel with a slope is designed to convey
water to a feature like a waterfall using gravity, it is essential fo carefully plan
its dimensions and incline. This ensures that the channel delivers the optimal
flow rate required for the waterfall to function effectively.

In projects that involve open channels, the slope of the channel, its width, and
water depth are crucial factors in determining water velocity, which in turn
affects the flow rate. Once the water velocity is established using the Manning
formula, we can determine the flow rate based on the channel’s cross-section.
However, if the channel shape is not yet defined, the calculations needed to
establish the optimal shape of the channel based on the required natural flow
can become quite complex.

As discussed in Chapter 7.7.1.1 — Formulas for Calculation of Water Velocity
Based on Flow, flow rate and water velocity are interdependent. By knowing
the water velocity (V) and the cross-sectional area (A) of the water flowing
through the channel, we can determine the required flow rate (Q) of the
water. The formula for calculating the flow of water in a channel based on
these parameters is as follows:

Q=AxV
Where:
Q is the volumetric flow rate, typically expressed in LPM, m?/s, ft3/s, or GPM.

A is the cross-sectional area of water flowing in the channel, typically
expressed in m?, ft2, or inch2.

V is the velocity of the water, typically expressed in m/s or ft/s.

The cross-section of water flowing within a channel is crucial for various
calculations and is determined by the channel’s width and the depth of the
flowing water. This depth can range from a thin layer of water at the channel’s
bottom to a full profile that fills the channel to its rim. However, when designing
a channel, it's important to acknowledge that typical water features seldom
reach the top. Instead, the water level generally remains below the channel’s
upper edge. The required distance from the edge may vary based on project
specifications.
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For gently flowing streams, it is advisable to maintain the water level at least 25
mm (1 inch) below the edge to prevent water from spiling over the channel’s
edge. This distance may need o be increased if the water flow is turbulent.

To illustrate the use of the formula mentioned above, let’s consider a water
channel with a velocity (V) of 0.1 m/s or 0.4 ft/s. The channel is 0.6 meters or
2 feet wide and 0.15 meters or 0.5 feet deep. Using these measurements, we
can calculate the flow rate.

Let’s start with calculating the cross-sectional area (A) based on the formula:
A = width of channel x water depth

Metric A=0.6m x 0.15m = 0.09 m?
Imperial A =2ft x 0.5 ft = 1.0 ft?

Now let's calculate the flow rate using this formula: Q = A x V
Metric Q= 0.09m? x0.1 m/s =0.009 m3/s
Imperial Q=1.0ft? x0.4 ft/s=0.4 /s

When performing these calculations, it is vital fo use consistent units such as
metres, feet, orinches for all measurements. If necessary, the final results can
be converted to the desired units when the calculations are completed.
Based on the conversion ratios where the flow rate of 1 m3/s = 6,000 LPM and
1 f13/s = 448.83 GPM, the calculated flow rate in more convenient units are:

Metric 0.009 m3/s x 6,000 = 540 LPM
Imperial 0.4 ft3/s x 448.83=179.53 GPM = 180 GPM

Calculating the flow rate in a channel is essential for selecting a pump that
provides the required flow or when the channel supplies a feature needing a
specific flow rate.

Once the flow rate is established, any changes in the water depth or width
of the channel may alter water velocity. This is because, according to the
formula Q =V x A, the flow of water and the cross-sectional area of the
moving water are inversely proportional. This means that when the flow rate
(Q) remains constant, decreasing the cross-sectional area (A) will increase
the water’s velocity (V). Therefore, it is essential o manage these parameters
carefully to ensure compliance with local safety regulations.

7.11.1. Calculating Flow Rate for an Existing Open Sloping Channel

Calculating the flow rate for an existing channel already knowing the water
velocity and the cross-section of the moving water can be done using the
Q =V x A formula. However, if the water velocity is not known, this formula can
be merged with the Manning equation for water velocity in a sloping channel
(Chapter 7.10.2 - Calculating Gravitational Water Velocity in Channels) by
replacing the value V with (k + n x R2/3 x S1/2)
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This merged formula enables us o calculate the flow rate (Q) based on the
material from which the channel is constructed, the channel’s slope (S), and
the dimensions of the flowing water (width and depth) necessary to calculate
the cross-sectional area (A).

Q= (k+nxR¥x§72) x A

In this formula, the water depth of the channel affects both the cross-sectional
area (A) and the hydraulic radius (R). The cross-sectional area is calculated as
A = Width x Depth, while the hydraulic radius is determined using the formula
R = (Width x Depth) + (Width + 2 x Depth).

This formula, when expanded by substituting A and R with the equations that
represent the geometry of moving water, is essential for calculating flow rates
and selecting a pump fo maintain the desired water depth in an existing
sloped channel.

However, when calculating the flow rate based on the water depth, confirming
that this channel’s water velocity will meet the local safety regulations is
important. For further information on this issue, please refer to Chapter 7.9.1 -
Safe Water Velocity in an Open Channel

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

7.12.5.1.4. Key Components for Designing Surge Tanks

When designing a surge tank, functionality is more important than aesthetics,
as these tanks are typically underground and out of sight. Surge tanks can be
custom-designed and built to specifications or purchased pre-manufactured
from local suppliers. When choosing a pre-manufactured tank, it is essential
to ensure that its shape and size meet the specific functional requirements.
This ensures safe storage of the required volume of water and allows for the
installation of necessary components, such as intake, overflow, and water-
level controllers, at predetermined levels inside the tank.

Considerations should also include the size of the access opening in the tank
and the depth reachable from the access point. Additionally, the shape and
weight of the tank are important factors for its delivery to the designated
location. It is crucial fo coordinate with all project stakeholders to ensure
that any size, weight, or access limitations—such as the size of the door to
the mechanical room—do not hinder the tank’s delivery and installation,
particularly in urban projects where the mechanical room may be within a
building structure.

The design or selection of a surge tank should take into account several factors
related to both the tank’s design and its intfended location. The following is a
list of the most critical considerations:
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* Inflow from the pond: The inflow info the surge tank must be appropriately
sized and positioned. Since the flow of returning water varies, starfing
slowly, gradually increasing as the waterfall intensity builds, and then
diminishing when the waterfall pump is turned off, using a pump is
impractical. Coordinating the pump’s flow with changes in waterfall
intensity presents significant challenges. Therefore, a self-regulating flow
driven by gravity is the most feasible solution. Calculating this gravity-
driven flow requires precise calculations for the size and slope of the
pipes connecting the lowest pool in the system with the surge tank. For
detailed guidance on the natural water flow, please refer to Chapter
7.10. — The Natural Flow of Water.

¢ Outfflow from the tank to the pump. The outflow line must ensure a
continuous flow of water. The outlet should be positioned to prevent air
or debris that may accumulate at the bottom of the tank from entering
the pipe. Therefore, it should be located near the tank’s floor but high
enough to avoid drawing in any potential debris. Typically, the outflow is
designed with a downward-facing 90° elbow positioned at least 150 mm
(6 inches) above the tank’s floor.

e Overflow system: An appropriately sized and positioned overflow system
must be accurately placed in the tank to prevent water from spilling
over the tank rim. Please see Chapter 5.4.3 — Overflow and Chapter
7.13.2.1.2 — Overflow Drain for Surge Tank for further details

e Drainage system: A floor drain or similar drainage system designed to
facilitate maintenance activities and assist in managing potential spills.

e Water supply line: Required to compensate for water loss and
mainfenance work.

* Water-Level Controlling Mechanisms: Both mechanical and electronic
systems may be employed, although electronic systems are generally
deemed more reliable over the long term due to their superior design for
prolonged immersion in water. It is also important that these devices can
be safely installed inside the tank without compromising waterproofing
or the safety of the installation crew. Please refer to Chapter 7.12.3. —
Selecting the Optimal Water-Level Controlling System.

e Power supply: Necessary for pump operation, electronic controllers, and
any required lighting.

* Waterproofing: Essential for functionality, focusing less on aesthetics.

* Safe enclosure: This protects the tank from tampering and vandalism
and ensures public safety.

* Ventilation system: When the tank is placed inside a building or enclosed
space, water evaporating from the tank can lead to certain problems.
Installing a ventilation system helps reduce potential water condensation
in the air, thereby preventing any related issues.

e Cover: Minimizes evaporation and condensation, while a sturdy cover
may also address safety concerns.
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The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

7.13.2.1.2. Overflow Drain for Surge Tanks

As discussed in Chapter 5.4.5 — Surge Tank Design, the primary function of
surge tanks is to collect and supply ‘water-in-fransit’ for waterfalls. However,
surge tanks also serve two additional important functions in a water feature
system. First, they help compensate for water loss due to evaporation. When
water evaporates from the pond, the water level in the surge tank decreases,
but not in the pond itself. To maintain the system’s overall balance, fresh water
is added directly to the surge tank, keeping the pond’s water level stable.

Second, surge fanks manage excess water. If foo much water entfers the
system, such as during heavy rainfall, the surge tank collects the surplus, and
the overflow system ensures it is removed to prevent overfilling and flooding.
For this reason, surge tanks are typically equipped with a water supply system
to replenish lost water and an overflow line to handle any excess water.

When designing the size of a surge tank, two key factors must be considered
fo ensure proper functionality. First, the tank must accommodate the volume
of water-in-fransit temporarily stored when the waterfall is furned off. Second,
the tank needs a sufficient buffer to maintain enough clean water for the
system’s operation and to provide freeboard above the high-water level,
preventing overfilling. For more information on maintaining water levels, refer
to Chapter 7.12.5.1 — Optimizing Water Level Dynamics in Surge Tanks.

The sizing of the overflow for a standard pond typically depends on rainfall
intensity and the pond’s surface area. However, this method may not be
adequate for water features with large waterfalls and surge tanks due to the
unique conditions these systems create.

When the waterfallis operating, the surge tank s only partially filled because water
flows from the upper pond, creating the waterfall effect. When the waterfall is
turned off, the water that was in transit returns to the surge tank. If it rains while
the waterfall is off, the overflow pipe in the surge tank handles any excess water.
However, when the waterfall is running and the surge tank isn't full, rainfall can
accumulate, causing the water level in the tank to rise to the overflow point.

The primary challenge occurs when the waterfall stops, resulting in a significant
amount of ‘water-in-transit’ flowing back to the tank, which may already be
close to its full capacity. If the shutdown coincides with heavy rainfall, the
overflow system must be appropriately sized to handle the combined flow of
returning ‘water-in-transit’ and the additional rainwater.

As outlined in_Chapter 5.4.4 — Water-in-Transit, the waterfall’'s flow rate
during rainfall includes both the pumped water and the additional rainfall.
To determine the total flow rate that the overflow system must manage, we
need to add the pump flow rate (which supplies the waterfall) to the flow
rate contributed by the rainfall. Estimating the flow from rainfall is discussed in
Chapter 7.13.2.1 — Overflow Drain.
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To prevent flooding, an effectively designed overflow system for a surge
tfank must be sized to accommodate both the flow from a major rain event
and the flow of ‘water-in-transit’. If the overflow line is foo small fo handle
both sources and is only sized to manage rainwater, the surge tank must be
designed with a sufficient freeboard above the overflow invert. This buffer will
temporarily hold the excess water from the ‘water-in-fransit’ unfil the water
level begins to decrease. This can happen either because the intensity of
the rain lessens or because the flow of ‘water-in-transit’ gradually slows down
when the waterfall pump is furned off. When the water stops flowing from the
surge fank to the upper pond, the waterfall will gradually slow down as the
wafter level in the upper pool recedes. Once the amount of water flowing
info the tank falls below the overflow's capacity, the water level will begin to
decrease. Ultimately, when the flow of ‘water-in-fransit’ stops, the overflow
line will only need to manage the rainwater.

Determining the opfimal freeboard for a surge tank is not straightforward, but a
practical approach can be employed by comparing the tank’s inflow rate to
its overflow capacity. In this case, the inflow rate into the surge tank consists of
the water flow from heavy rain and the flow from the waterfall. This comparison
is based on two main assumpftions: first, that the tank is filled to the level of the
overflow invert, and second, that the waterfall pump is furned off, leading fo a
gradual decrease in the water flow of the ‘water-in-transit’ as the upper pond
water level will gradually decrease.

If the inflow rate is less than or equal to the tank’s overflow capacity, no
additional freeboard is necessary; however, it is advisable to include a safety
freeboard atf least 150 mm (6 inches) above the overflow crown. If the inflow
rafe exceeds the overflow capacity, additional storage space above the
overflow level will be required fo manage the excess water.

To calculate the extra buffer needed for the surge tank, we must consider
both the volume of ‘water-in-fransit’ and the tank’s surface area. To estimate
the volume of additional water, we take info account the overflow capacity
required to handle significant rainfall, such as that from a 50- or 100-year
storm. The main objective is to ensure that the surge tank has enough buffer
space to accommodate the extra volume from the ‘water-in-transit’ along
with the rainfaill.

The height of the required freeboard can be calculated by dividing this
volume by the surface area of the tank. For example:

Metric: If the required additional storage volume is 1.5m?® and the tank has
dimensions of Tm in width and 2m in length, the height of the additional
volume will be 1.5m3 + (Im x 2m) = 0.75m.

Imperial: If the required additional storage volume is 15ff* and the tank has
dimensions of 3 ft in width and 5 ft in length, the height of the additional
volume will be 15 2 + (3ft x 5ft) =1 ft.
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In summary, designing an overflow with a capacity greater than the inflow is
often a more cost-effective solution than enlarging the surge tank, making it a
preferred approach in surge fank design.

Another critical aspect of the surge tank’s overflow system is its connection
to the sanitary drainage line, which must function through gravity-driven flow.
Pumping water into the sanitary drainage system is not recommended due
to the potential risk of pump failure or power loss during a significant storm.
Such failures would disable the overflow drainage system, potentially leading
to flooding.

Considering the gravity-driven overflow requirement, the location and shape
of the surge tank may be limited to ensure proper overflow operation. The
overflow elevation must be high enough to install a sloped drainage line of
appropriate size and gradient, ensuring that the water flows naturally and
meets the required drainage capacity. For more information on calculating
the slope and size of the pipe or channel based on the required flow, see
Chapter 7.10 — The Natural Flow of Water.

Coordinating with the site’s infrastructure to determine the maximum capacity
of the sewer line is essential. This will ensure that the proposed design for the
pond and its associated overflow flow intensity can be accommodated by
the sewer line's capacity.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

7.14. Precision Requirements in Water Feature Design

Precision in calculations is crucial for achieving aesthetic appeal and
functional effectiveness when designing water features. While accuracy
is important in certain areas, focusing too much on minute details can
be impractical and counterproductive. It is essential to balance precise
measurements and the practical realities of installation. This ensures reliability
while also accommodating the natural dynamics of water and the limitations
of materials.

Safety is of utmost importance when setting parameters that affect public
well-being and environmental protection. While safety standards often
allow for some flexibility or a margin of error within regulations, it is generally
expected that these guidelines be followed rigorously. This margin theoretically
accommodates minor variations without risking safety; however, deviations
from established norms are not advisable. If such deviations are considered,
they must be thoroughly evaluated and justified. Itis crucial to understand that
compromising accuracy in safety calculations can have serious ramifications,
potentially introducing unforeseen risks that threaten both public safety and
environmental integrity.
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A higher level of precision in calculations may also be necessary for very large
systems, where even a small difference in system performance can lead to
significant changes in energy consumption. Precision is also crucial in other
areas, such as calculating jet performance, lighting synchronization, and
wafter levels in smaller, infricate designs. For instance, achieving exact jet
height and trajectory is vital when these jets are coordinated with lighting or
music or when their inferaction with surrounding elements is central fo the
overall design. Even minor volume or surface area deviations can significantly
change performance, water quality, or aestheticsin small ponds or ornamental
water features. Therefore, to achieve the desired outcomes, accurate
calculations must be prioritized.

Extreme installation precision may be
necessary for complex projects that
aim to create iconic, high-end designs.
These projects are typically handled
by specialized teams of experienced
contractors. However, most water
features are constructed by installers
with limited experience, who may
struggle to achieve the required level of
precision during the installation process.
Therefore, designers must consider
the skills of the confractors who will be
installing the water feature and create &
designs that align with the realistic
capabilities of the installation team.

Construction and installation precision usually adhere to specific tolerances.
Forinstance, installing pond weirs and other components is typically accurate
within £1 millimetre (or 1/16 of aninch), while slopes are generally implemented
with a tolerance of +0.5%. By acknowledging these practical limitations,
designers can adjust their calculations to better reflect real-world installation
practices.

For example, installing waterfall weirs that span a large distance presents
challenges, especially when the water flows in a relatively thin sheet. As
discussed in Chapter 5.8.2 - The Width of a Weir, the level of a weir must be
precise within half the thickness of the water flowing over it. Therefore, if the
water depth at the weiris 4 mm (1/4inch) thick, the weir must be levelled within
amaximum 2 mm (1/8 inch) tolerance. When the weir spans a relatively short
distance, such as+2.5m or 8 ft, and is made from durable materials like metal,
glass, or polished stone, most contractors can achieve this level of precision.
However, if the weir is made of rough stone or is significantly wider, meeting
this precision may prove difficult. Therefore, for weirs designed to span more
challenging distances, or if uneven settlement of a pond is anficipated, it may
be necessary to install adjustable edging or use a groove-and-strap solution.
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The need for extreme precision is less critical for larger water features that do
not require very large flows, such as urban fountains, ponds, or natural
swimming pools. Nafural variations, like changes in water levels due to
evaporation or rainfall, mean that highly detailed measurements have a
minimal impact on the system’s overall performance. In these situations,
general approximations are not only adequate but also practical.

For example, when calculating the volume of a large pond, it is common
practice to round to the nearest 1,000 litres (or 250 US gallons). This approach
simplifies calculations without sacrificing reliability. Likewise, the surface area
of large ponds can typically be estimated by rounding to the nearest 10 m?
(or 100 ft2). This approach allows designers to effectively account for irregular
shapes and uneven slopes without measuring every small detail precisely.

Mechanical components such as pumps, filters, and pipes are typically
chosen based on guidelines that account for variations in flow rates and
water volumes. These safety buffers ensure systems operate reliably, even if
conditions deviate slightly from the calculated values.

When using approximations in calculations for water volumes and flows, it
is crucial to incorporate reasonable margins or buffers into the selection of
components. For example, when determining the minimum size of a pipe,
it is common practice to select a slightly larger size if the result is close to
the limitations of a standard pipe size. Similarly, selecting a pump with a flow
capacity slightly higher than what is calculated allows for flexibility in adjusting
water flow with a manual valve. This approach helps avoid costly upgrades if
the system requires a minor increase in flow or pressure after installation.

When designing medium- to large-sized water features, empirical formulas like
the Hazen-Williams or Manning equations offer a reliable method for selecting
components and ensuring system efficiency. Based on measurements
of typical condifions, these formulas consider variables such as surface
roughness, which, with minor variations in exact surface conditions, can
cause slight changes in flow and velocity. However, these variations typically
do not affect a water feature’s visual or functional performance, so extreme
precision is often unnecessary.

Forinstance, if a waterfall is designed with a water thickness of 12 mm (or 'z inch),
a 10% change in the flow of water supplying the weir, whether an increase or a
decrease, willresult in a water thickness variation of just 1.2 mm (or 3/64 inch). This
slight variation is unlikely to be noticeable in the waterfall’s overall performance.

In conclusion, precision in water feature design should consider the project’s
scale, complexity, and functional requirements. Smaller, intricate features
require high accuracy, whereas larger systems can function effectively with
rounded values and approximations. By adopting a balanced approach,
designers can ensure their creations fulfill aesthetic and operational goals
while addressing practical construction challenges. This balance not only
simplifies the design process but also contributes to the long-term success and
adaptability of the water feature.
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The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

Chapter 8. Loss of Water

Water loss poses a significant challenge in the design and management of
water features, affecting both economic factors and the urgent need for
resource conservation. While minimizing wastage is essential, it's important
to rethink our approach to designing these features to reduce overall water
consumption. This includes decreasing dependence on municipal and
borehole water while enhancing the efficiency of rainwater harvesting for
various purposes, such as replenishing ponds and, when feasible, for irrigation,
toilet flushing, and potentially other applications.

However, any stored water necessitates careful monitoring and quality
maintenance. Regular filfration and circulation are crucial to prevent
stagnation and the build-up of pollutants that could render the stored water
unusable. Thus, it's imperative that storage tanks and their ornamental
components maintain water quality effectively while minimizing loss.

In urban environments, ornamental water features not only fulfil an aesthetic
purpose but also provide an excellent mechanism for monitoring and
managing water quality in rainwater storage systems. These features can be
practical tools that ensure stored water remains in optimal condition for future
use while simultaneously enhancing the visual appeal of the environment.

In this chapter, we will explore various aspects of water loss and discuss
practical strategies for enhancing water conservation in reservoirs and
ornamental features. Adhering to these strategies will ensure that these
features contribute to the preservation of this valuable resource while
remaining visually appealing and functional.

8.1. Factors Contributing to Water Loss in Water Features

The primary two causes of water loss in water features are generally attributed
to evaporation and water leaks, emphasizing the importance of a robust
waterproofing system for both the pond and all associated water feature
components. Waterleaks related to imperfectionsin the pond’s waterproofing
system can lead to significant water loss and damage to surrounding
structures. On the other hand, plumbing systems are typically designed to be
watertight; however, it is essential to ensure through periodic checks that all
connections of the pipes and fixtures remain properly sealed. While buried
lines and pipes running through buildings are typically considered safe from
damage, they can sfill be susceptible to harm during landscaping work or
accidental breaks. Therefore, the importance of ensuring proper design of
protective measures for watertight installations cannot be overstated, as they
are essential for proactively addressing potential issues.
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To monitor potential leaks, consistently measuring water levels and observing
any unexplained drops can help identify issues early. Additionally, it's essential
to conduct regular inspections of the pond liner or waterproofing membrane
for visible signs of wear, tears, or punctures. Some fittings may require the
regular replacement of washers to maintain their integrity, highlighting the
importance of ongoing maintenance needed to prevent water loss and
uphold the water feature’s functionality.

However, water loss goes far beyond the seemingly straightforward issue of
leaks. While leaks pose asignificant challenge, several other factors confribute
to the loss of water. The following briefly outlines the main factors that often
lead to water loss from a water feature. Subsequent sections of this chapter
will offer a more detailed analysis of the selected issues.

Evaporation: One of the most significant confributors to water loss in a pond
is evaporation. Evaporation is a natural process by which water is converted
from liquid to vapour and released intfo the atmosphere. The evaporation rate
can vary widely depending on factors such as temperature, humidity, wind,
and the size of the surface area exposed to these elements. Ponds in regions
with high temperatures and low humidity are particularly vulnerable to rapid
water loss due to evaporation. This constant loss, though natural, necessitates
regular monitoring and replenishment of water to maintain the desired water
level.

Splash and Spills: Activities around the pond, both intentional and accidental,
canleadtowaterloss through splashes and spills caused by playfulinteractions,
aquatic life, or strong winds, gradually depleting its volume. While this loss is
often minor compared to evaporation, it still warrants consideration in water
management. A properly designed water feature can further minimize splash
from displays like waterfalls or jets, helping to contain water within the desired
area while providing an enjoyable visual and auditory experience.

Water Migration along Structures: In this process, usually occurring in vertical
structures such as waterfall walls, electrostatic forces come into play, causing
water to deviate from its usual downward trajectory. Instead of falling directly,
it adheres to the structure’s surface, leading to a lateral descent at an
angle. If uninterrupted, this movement may carry water beyond the pond’s
boundaries, resulting in spillage from the system.

Maintenance Procedures: Routine maintenance procedures, such as
backwashing of sand filters, can also contribute to water loss. Backwashing
is an essential process for cleaning the filtration system by reversing the flow
of water through it and dislodging accumulated debris. During this operation,
water from the water feature is infentionally run through the sand filter and
discharged info a drainage line tfo remove impurities, thereby reducing
the overall water volume in the pond. While this procedure is necessary for
preserving water quality and system efficiency, it highlights the need for
careful water replenishment afterward.
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Water Replacement (Rejuvenation): Water features often require periodic
rejuvenation to maintain water quality and clarity. This involves partially or
completely draining and refilling the pond with fresh water. While rejuvenation
is essential for sustaining a healthy aquatic environment, it inevitably
substantially reduces water levels. Consequently, water replacement should
be carried out judiciously, with attention to minimizing waste and optimizing
the efficiency of the process.

Poor Water Quality Management: Deteriorating water quality in a pond or
sforage system can necessitate complete water replacement, which
significantly confributes to water loss. When water is not properly maintained,
it may become visually unappealing and develop issues such as unpleasant
odours, algal blooms, and infestations of unwanted organisms. These problems
not only diminish the overall aesthetics of the water feature but also require
frequent water changes to restore a healthy environment. Consequently,
neglecting water quality management leads to unnecessary water waste,
underscoring the importance of regular maintenance and monitoring of
water.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

8.1.1.1. Bucket Test

When the local pan-evaporation rate is unknown' and a pond’s water level is
decreasing, a straightforward experiment known as the "bucket fest” can
help determine whether the water loss is due to evaporation or other factors.
This test involves partially submerging a semitransparent bucket in the pond
and filling it with water to reach the same level as the surrounding water. It's
important fo mark the initial water level inside the bucket for reference.

Waterlevel By placing the bucket in the same
— inthe bucket environmental conditions as the
| Difference pond, itispossible to simultaneously
monitor both the bucket and the
Bucket -, Waterlevel  1ong's water evaporation over a

Test inthepond oo cific period. If the water level in
the pond drops more quickly than
that in the bucket, it indicates
that factors beyond evaporation
are contributing to the additional
water loss. This method serves two
purposes: it helps estimate the local value that would be similar to the pan-
evaporation rate (considering the weather and fime of year) based on the
decrease in the bucket's water level, and it also helps identify whether the
pond is losing water for reasons other than evaporation.
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Water evaporation is a significant concern for water features, especially in areas
with inconsistent rainfall. Without rain to replenish the water, the levels in open
ponds will naturally decline over time, even without leaks or other water removal
issues. For example, in a region with an annual pan-evaporation rate of around
1000 mm (42 inches), a pond that doesn’t receive any additional water could
see ifs water level drop by approximately 1 meter (3.5 feet) within a year.

Fortunately, many populated areas experience average annual rainfall that
closely matches evaporation rates. The challenge, however, is the irregularity
of rainfall. Rain can be sporadic, often falling in heavy bursts, which may lead
to excess water that needs to be managed to prevent overflowing. In contrast,
evaporation is a confinuous, daily process. This discrepancy between rainfall
and evaporation can cause water levels to decrease steadily, underscoring
the need for effective water management strategies to sustain water features.

In an ideal scenario for managing water features, efficiently collecting and
storing all rainfall from the pond area would promote the conservation of
external water sources that replenish the water lost through evaporation. Even
in areas where rainfall accumulation is less than the local evaporation rate, this
method diminishes reliance on external water sources for maintenance and
aligns with sustainable, environmentally friendly practices. Furthermore, water
can be collected from nearby hard surfaces such as roofs and pavements,
which can help offset disproportionate rates of evaporation and rainfall.

Pool covers have become an effective strategy for reducing water
evaporation in various water features. These covers protect the water from
direct sunlight and wind, significantly lowering evaporation rates. However,
it's important to note that not all water features are suitable for pool covers
due to their design or aesthetic considerations. In such situations, alternative
methods should be considered to manage evaporation.

These alternatives may include strategically positioning the water feature to
minimize sun exposure, using shading elements, and implementing windbreaks
or natural barriers fo reduce wind exposure. Additionally, infroducing aquatic
vegetation can help cover the water’s surface, and designing features like
jets and fountains to minimize water dispersion info fine droplets can further
decrease evaporation.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

8.2. Loss of Water Through Pond Structure

Maintaining a watertight structure is crucial in pond design and construction to
prevent water loss. Ensuring water remains contained within the pond without
lecking through the shell requires careful planning and execution. Various
techniques can be utilized depending on design requirements, aesthetics, and
functionality.
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There are manywaystobuildapond.One |
particularly popular approach in urban
settings, where long-lasting durability is
essential, involves constructing a water
feature using rigid and durable materials
such as concrete, bricks, or stones. Some |
materials, like waterproof concrete, can
be inherently waterproof. Installing these
structures on stable footing with properly
compacted subgrades is crucial. Failing
to do so can lead to uneven settlement,
creating weak points and cracks in the |
structure that may result in water loss. If
the pond shell is made of non-impervious
material, an additional waterproofing
layer must be applied inside the pond.
This can include a plastering layer
of waterproof concrete, a paint-on |
membrane, or a liner. :

Conversely, ponds with a more natural, organic shape, often nestled within
lush plantings and intended for private backyards or expansive soft landscape
settings, typically utilize a flexible liner for pond construction. These ponds often
lack arigid base and are constructed directly on subgrades. A watertight liner
is typically placed directly on the smooth subgrade surface or installed over a
sand layer, creatfing a smooth surface over a rough natural base. This method
prevents the membrane from being punctured by any profruding subgrade
elements, ensuring a watertight seal.

Alternatively, fine clay is employed, providing inherent waterproofing
capabilities. This technique involves applying a layer of clay directly onto the
subgrade, ensuring effective water containment. Large-scale clay ponds are
frequently found in suburban landscapes, creating expansive water features
resembling natural lakes. However, this method can also be used in urban
seftings to build naturally looking small ponds.

It is widely understood that a suitable waterproofing system is essential to
retain water in a pond. The choice of the most appropriate waterproofing
system hinges on several key factors, including:

e Pond Size: The dimensions and surface area of the pond influence the
type and scale of waterproofing required.

¢ Pond Consiruction Materials: The inherent properties and limitations of
the pond’s consfruction material.

¢ Pond Location: The geographical location and local climate may affect
the materials and methods chosen for waterproofing.
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* Budget Constraints: The available budget is crucial in determining the
affordability of various waterproofing options.

* Pond Usage: The waterproofing solution selected impacts the pond’s
infended use, whether for swimming, aquatic life, or aesthetics.

e Soil Composition: The type and characteristics of the soil in which the
pond is situated can affect the choice of waterproofing materials.

e Environmental Impact: Consideration of the environmental impact and
sustainability of the chosen waterproofing method is vital.

* Maintenance Requirements: Some waterproofing systems may require
frequent maintenance, influencing the long-term cost-effectiveness.

e Aesthetic Preferences: The desired visual appearance and finish of the
pond may guide the choice of waterproofing materials and methods.

* Local Regulations: Compliance with local building codes and regulations
regarding pond construction and waterproofing is essential.

e Water Source: The pond’s water source, whether a natural body of water,
collected rain, a borehole, or a municipal water supply, may impact
water chemistry and influence the choice of waterproofing materials.

e Surrounding Landscape: Consideration of the surrounding landscape,
including plantings and structures, can influence waterproofing decisions
to ensure compatibility with the overall design.

e Wildlife Considerations: If the pond is infended to support aquatic life,
selecting a habitat-friendly waterproofing system is essential.

* Longevity: The waterproofing system'’s expected lifespan must match
the pond’s intfended duration of use.

e Expertise and Labour: The availability of skilled labour and expertise in
installing and maintaining the chosen waterproofing system is a cruciall
practical consideration.

e  Warranty and Guarantees: Manufacturers’ warranties and guarantees
associated with waterproofing products or services may influence the
choice of system.

e Historical Data: Previous experiences with waterproofing systems and
their performance can inform decision-making.

Balancing these factors helps ensure the selection of a waterproofing
system that aligns with the specific needs and goals of the pond project.
When selecting the waterproofing materials, it is advisable to refer to
Chapter 5.9 — Selecting the Materials for Water Feature Construction. This
chapter discusses various implications related to selected colours and textures
of the finish materials for the pond, highlighting the importance of making an
informed decision that aligns with both aesthetic preferences and practical
considerations for the specific pond project.
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Waterproofing systems comprise various materials and methods designed
for specific applications and environmental conditions. Each waterproofing
method possesses unique strengths and uses, ranging from flexible liners that
conform to many shapes to advanced concrete constructions that can
be moulded info infricate forms. In the upcoming sections, we will examine
different waterproofing systems, highlighting their characteristics and optimal
applications for water features. Here is a brief overview of each technique,
followed by more detailed descriptions of each system that provide detailed
information on their materials, installation methods, and advantages.

Premanufactured Water Features
Individuals can purchase pre-designed and
pre-constructed water features with already
built-in waterproofing solutfions. This means
there is no need for extensive construction
or waterproofing efforts.

Various materials can be used to create these
water features, providing flexibility in both
design and aesthetics. For example, non-
corrosive metals like stainless steel or copper
offerasleek, modern appearance, while stones
such as granite or limestone provide a natfural,
rustic charm. Pre-cast concrete is durable and §ilg
can be shaped into various designs. Ceramics §{#
and glass add an arfistic flair to these features.
Additionally, many other impervious materials
are available to meet individual preferences,
including cost-effective options made from
plastic and fibreglass.

These commonly used materials in pre-manufactured products can be
effectively employed for designing and constructing small-scale water
features. Nevertheless, such endeavours require a solid understanding of
these materials and the skill to shape them to achieve the desired size and
aesthetics.

These pre-manufactured water features are often easy to find as off-the-shelf
products at garden centers and specialized stores that focus on outdoor
furnishings.

Waterproof Concrete

This specialized concrete mix contains additives that enhance its water
resistance and durability. Waterproof concrete is often employed to construct
the entire water feature, combining ease of forming various shapes and
structural integrity with waterproofing capabilities. It is an excellent choice for
ponds, fountains, or waterfalls with complex shapes and rigid elements.
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Marbelite

Marbelite is a surface finish made by blending white cement with marble dust,
resulting in a smooth and durable surface ideal for pools and ponds. While
“Marbelite” may refer to specific brands, it has become a generic termin the
industry for this type of finish. Its attractive appearance and smooth texture
make it a popular choice.

However, it's essentfial to understand that marbelite is not completely
waterproof. Even without any visible cracks or flaws, water can gradually seep
through the surface. When parts of the marbelite are exposed above the
waterline, they can become vulnerable to cracking over time. These cracks
can lead to water leaking and may cause sections of the marbelite fo crumble.

Factors like prolonged sun exposure and temperature fluctuations can worsen
these issues, as they cause the material to expand and confract, increasing the
likelihood of cracks. To mitigate this risk, marbelite pools offen have a different
material at the waterline—typically ceramic, glass, or stone files. This border
serves aesthetic and functional purposes, providing a transition between the
underwater marbelite and the pool’s structure above the waterline, which
remains only occasionally wet due to splashes.

Despiteits susceptibility to cracking in certain conditions, marbelite is still a favoured
option for its beauty and its ability to create an inviting aquatic environment.

Paint-on Waterproofing

Paint-on waterproofing solutions consist of liquid coatings that are applied
directly onto the surface of the pond structure. These coatings can be made
from various materials, such as acrylic, polyurethane, or epoxy, and provide
a seamless and durable waterproofing layer. They are particularly useful for
concrete or masonry-based water features.

Tiles and Grout Waterproofing

Tiling the interior of a pond is a popular waterproofing option that provides
an aesthetically pleasing finish. It is typically installed with a watertight base
layer applied to the pond'’s rigid structure, fopped with ceramic, porcelain,
stone, or glass files, along with coloured watertight grout that seals the joints
between the files. This system ensures a water-resistant surface, often preferred
for decorative or formal water features where specific tile designs are desired.

Liners

Pond liners are flexible sheets of EPDM rubber, HDPE, PVC, or fibreglass. They are
designed to conform to the shape of the pond, providing a watertight barrier.
Liners are a versatile choice suitable for irregularly shaped or custom-designed
ponds.

Clay Ponds

Clay ponds retain water by relying on the natural impermeability of clay sail.
Proper compaction and grading of the clay layer are essential to prevent water
seepage. Clay ponds are suitable for regions with naturally clay-rich soil and
can offer a cost-effective and environmentally friendly waterproofing solutfion.
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Most waterproofing products used in water features have a limited lifespan,
and their capacity to endure exposure to the elements gradually diminishes
over time, potentially leading fo failure. For example, liquid rubber sealants
typically last for approximately 10-20 years before needing reapplicatfion.
Bentonite clay, renowned for its natural waterproofing properties, boasts a
longer lifespan, generally lasting 15-20 years. EPDM pond liners, a popular
choice for their durability, can maintain watertight integrity for about 20-30
years. Meanwhile, PVC pond liners, while resilient, generally last between 10
and 20 years. HDPE liners can last up to 50 years, and a typical crystalline
waftertight barrier can seal concrete for approximately 20-30 years. However,
it is essential to note that these estimates are approximations and can vary
depending on external factors.

The lifespan of waterproofing products is affected by factors such as the
quality of the initial installation, the construction techniques employed,
maintenance practices, and the environmental conditions fo which the pond
is subjected, including exposure to UV rays and frost. For example, watertight
concrete subjected to severe weather condifions may have a shorter lifespan
than the material protected from those elements.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

8.2.2.3.5. Challenges in Waterproofing with Liner Systems

Liners are a practical and cost-effective solution for pond waterproofing.
However, as mentioned in previous sections, each liner type presents its
challenges. Beyond product-specific considerations, using any liner-based
waterproofing system introduces additional complexities. The most critical
issues include liner penetrations, aesthetic concerns, and the stability of circuit
components.

Liner Penetrations

Minimizing penetrations through the waterproofing system is crucial when
designing a pond'’s circulation system. Reducing these penetrations maintains
the pond'’s integrity and decreases the risk of leaks. If a new penetration is
necessary for an existing wall or liner, bulkhead fittings or fittings equipped
with liner clamps can be utilized, provided they are compatible with the pond
shell and the liner material. Various water circulation components, such as
drainage and outflow fittings, often feature integrated clamping mechanisms
that ensure a waterfight seal with the liner. In complex plumbing systems
involving multiple inferconnected lines, like jet manifolds or drainage systems,
minimizing penetrations can be achieved by placing manifolds inside the
pond. This approach decreases the number of breaches in the liner but
brings other challenges, such as the visual impact of exposed pipes and the
potential for accidental damage or vandalism to the exposed plumbing.
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Aesthetic Considerations
Plumbing lines that run over the liner can be hidden beneath an aftractive
covering layer fo maintain a pond’s visual appeal. This approach enhances
the aesthetics of the exposed liner and plumbing while also shielding them
from potential damage.

Various types of covering materials can
achieve these functional and aesthetic goals.
Loose materials, such as gravel or stones (i.e.,
river rock), are often placed over the liner
and plumbing circuit fo create a natural, g
textured look. However, using loose materials S
on walls or steep slopes is impractical, as they &
may shift and expose the liner and plumbing.
To mitigate this issue, pond edges should be §
designed with gentle slopes and sufficiently §
thick layers of loose stone to ensure stability. )i-

Alternatively, large pavers, flat stones, or ceramic ftiles can be installed
vertically along pond walls and horizontally on the floor to create a visually

appealing and structurally sound covering. This method enhances the pond’s
design and protects the liner from exposure.

Elevating these large pieces slightly above the pond floor with spacers offers
several advantages. This height allows for the strategic positioning of plumbing
and lighting cables beneath the covering layer, effectively concealing
mechanical and electrical components while minimizing the weight of the
screening material in the circuit system and ensuring easy maintenance
access.

Installing vertically positioned pavers or similar coverings within a pond may
require stabilizing brackets to ensure their secure placement. These brackets
can be mounted in fwo ways: directly beneath coping stones or attached to
the walls above the liner-securing braces. This stabilization prevents movement
and displacement of the liner, contributing to the pond’s overall durability.

Stability of Components

When installing liners directly on subgrades, a major challenge arises with
securely attaching plumbing fixtures. Liners are not designed for robust
installations, which is particularly problematic for large jet fixtures that must be
firmly secured to ensure proper spray direction and stability.

Large fixtures are typically anchored to heavy bases, such as substantial metal
structures or concrete blocks to achieve this stability. These metal structures
must either be heavy enough or anchored within a layer of gravel or rocks
that sit atop the liner. Additionally, the weight of large pavers or stones can
stabilize vertical pipes that support powerful jets, further preventing unwanted
movement. Appropriately sized stones or concrete blocks can be placed
next to these vertical pipes to enhance their stability.
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When plumbing fixtures are secured to these heavy anchors, they receive
reliable support for the water jets. However, instaling heavy blocks and
anchors can impact the minimum water depth needed to keep the fixtures
properly positioned relative to the waterlevel and cover the anchoring blocks.

In cases where large fittings require substantial anchoring in a shallow pond, it
may be necessary to fasten them securely to a properly designed structural
base beneath the liner. This approach can lead to additional penetrations
through the liner, which increases the risk of leaks. Therefore, minimizing the
number of penetrations and ensuring that all penetrations are properly sealed
to maintain the pond’s watertight integrity is crucial.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

8.3.2. Cracks and Leaks Solutions

Upon identifying all the lecks, the next crucial step is determining the most
practical sealing method. The chosen approach is closely fied to the
waterproofing method used in the pond’s construction. This may involve
applying sealing patches over a liner or adding supplementary layers of a
paint-on waterproofing system compatible with the membrane material.
Selecting the most suitable sealing method is vital in effectively addressing
and resolving the leaks.

Several products effectively seal leaks and cracks in different water features.
Each offers a unique solution for addressing and repairing these issues,
catering to various needs and materials.

Pond Sealant: Explicitly designed for ponds and water features, Pond Sealant
is a water-based sealant available in various colours and finishes. It creates a
durable, watertight barrier that is safe for aquatic life and plants. Pond Sealant
is ideal for sealing leaks in flexible pond liners and addressing cracks and holes
in water features constructed from concrete or wood.

Pond sealant options vary based on water-based acrylic, solvent-based
polyurethane, andsilicone. Acrylic sealants, being water-based and non-toxic,
suit small to medium-sized ponds with quick and easy application. Solvent-
based polyurethane sealants, made with solvents like toluene or xylene,
are more challenging to apply and dry slowly than water-based sealants.
However, they offer good durability and chemical resistance, making them
suitable for larger, heavily-used water features. Silicone sealants provide the
highest durability and weather resistance, working well for ponds exposed to
the elements. Choosing the right one depends on the specific pond size and
needs: acrylic for simplicity, solvent-based polyurethane for durability, and
silicone for extreme resilience.
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Hydraulic Cement: This fast-setting cement is designed to repair leaks in
water features that utilize a rigid material for the pond’s shell construction.
Hydraulic cement must be mixed and applied according fo the detailed
instructions provided by the manufacturers. This material expands as it dries,
creating a strong, watertight seal that can endure high pressure. This product
is particularly effective for fixing leaks in water features made from concrete,
masonry, or metal.

Epoxy Putty: Epoxy Putty is a mouldable material made from epoxy resin and
hardener. When these components are combined, they form a durable and
waterproof seal that adheres to various surfaces. Epoxy Putty is a versatile
option for patching and sealing cracks and holes in ponds made of rigid
materials such as concrete, metal, rigid plastic, or wood.

Liquid Rubber: Liquid Rubber is a thick sealant that can be applied with a
brush, roller, or spray. Once applied, it dries to create a flexible, waterproof
membrane. It effectively addresses large cracks and holes in water features
made from concrete, wood, or metal materials, and repairs leaks in flexible
pond liners.

Fibreglass Patches: Fibreglass paftches are sheets or strips of fabric infused with
resin. These patches are applied to damaged areas or cracks that overlap
onfo the adjacent, undamaged surface. As they cure (harden), they provide
a sturdy, waterproof seal over the damaged area. Fibreglass patches repair
cracks and holesin concrete, wood, metal, fibreglass, or plastic water featfures.

EPDM Patches: These patches are made of EPDM rubber, a synthetic material
commonly used for pond liners. They are specifically designed for repairing
damages in existing EPDM sheets. The pafches are applied to damaged
areas or cracks with an overlap onto the adjacent, undamaged surface,
using a compatible adhesive or sealant to create a secure, waterproof seal.

HDPE Patches: These patches are small sections of durable HDPE plastic
material, commonly used for waterproofing liners in many water features.
They are heat-welded or chemically bonded to seal damaged areas of an
existing HDPE liner, ensuring a secure and waterproof repair.

Crystalline products: Crystalline products contain specialized chemicals that
reactwithwaterandthe naturally present calciumhydroxide in concrete. These
reactions promote the growth of insoluble crystals that permeate the concrete,
strategically occupying its pores and capillaries to create an impenetrable
barrier against water infrusions. However, for the sealant to be effective,
the concrete surface must be receptive, ensuring proper penetratfion. The
condition and porosity of the concrete are crucial factors in the application’s
success, making thorough surface preparation and evaluation essential steps
for achieving the desired waterproofing and durability. Depending on the
nature and size of the crack, the preparation process must adhere to product
specifications.
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In ponds constructed using concrete with crystalline admixtures, detecting
small cracks in submerged structures holds promising potential for a self-
healing process that can gradually seal the crack over a few weeks. This is
facilitated by the crystalline products’ ability to activate and expand upon
contact with water. The expansion effectively seals minor cracks, allowing the
concrete to mend naturally. This self-healing property is particularly beneficial
for maintaining the structural integrity and waterproofing of concrete water
features, addressing small cracks without requiring extensive repairs. It is
important to note, however, that this self-healing capability is most effective
for smaller cracks. At the same time, larger structural issues may still require
filling larger voids and ensuring the overall structural integrity of the pond shell.

Flex Seal: Flex Sealis a versatile spray-on sealant in different colours and finishes.
It dries to form a tough, rubberized coating that creates a waterfight barrier.
This product is suitable for fixing small to medium-sized cracks and holes in
concrete, wood, metal, plastic, and other rigid materials. However, it is not
designed for constant submersion and may leach chemicals harmful to fish and
plants. Since variations of this product may be sold under many names and ifs
suitability for water feature applications can vary, it is recommended to discuss
the availability and appropriateness of these products with local suppliers.

The choice of the most suitable sealing method hinges on the compatibility
betweenthe selected productsand the materials used forpond waterproofing.
It is important to carefully read instructions and seek guidance from the
manufacturer or distributors to ensure effective results. This consultation
process helps ensure that the chosen product aligns with the specific type
and size of the breach in the waterproofing and with the intended function of
the water feature, ensuring a secure and long-lasting solution.

Implementing preventive measures to safeguard water feafures from cracks
and leaks is essential. Employing proper construction fechniques ensures that
the feature is built to withstand the test of time. Selecting high-quality and
durable materials can significantly reduce the risk of damage. Conducting
regular inspections and performing routine maintenance allows for catching
any issues early on. Shielding water features from the harsh effects of extreme
weather conditions can also prolong the life of waterproofing.

When a pond shell is constructed from rigid materials like concrete and
develops multiple cracks over time, whether due to specific locations or inifial
construction processes, there is a risk of new cracks forming even after the
existing ones are properly sealed using one of the discussed methods. While
this situation might typically suggest a need for complete rebuilding of the
pond shell if the structural integrity of the existing shell remains infact, a more
practical solution is often to apply a new fibreglass skin inside the current
structure. This approach allows for effective and cost-efficient repair of a
pond with multiple leaks, creating a renewed waterproof barrier without the
extensive labour and expense of rebuilding the pond entirely from scratch.
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When cracks and leaks in a water feature are substantial, mainly if the pond
shell’'s overall construction is old, poorly built, or significantly damaged,
patching may not be enough. Even repeated attempts to stop the leaks
might prove unsuccessful. Therefore, it might become necessary to consider
more extensive measures, which could involve rebuilding specific sections or,
in severe cases, the entire water feature. This action is especially relevant
when leaks continue or are particularly difficult to find.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

9.2. Managing Water Quality

Maintaining high water quality in any water feature is essential for preserving
its attractiveness and appeal. Noficeable signs like unpleasant odours,
discoloured water, poor clarity, debris, and algae accumulation can
defract from the area’s aesthetic. Poor water quality may lead to frequent
replacements, resulting in unnecessary waste. Additionally, even seemingly
clear water can contain hazardous pollutants that pose serious risks to human
health and the surrounding ecosystem. Adverse water quality can harm
aquatic life and wildlife, including birds, insects, and small animals dependent
on the water source. This highlights the critical importance of effective water
management and freatment practices to maintain water features’ visual
allure and ecological balance.

Proactive design and careful planning are crucial for sustaining high water
quality and ensuring the long-term functionality of water features. Anficipating
future maintenance tasks during the design phase can minimize potential
contamination, allowing the water feature to operate efficiently with fewer
ongoing issues. One of the most effective ways to reduce maintenance is
to protect ponds from excessive sediment and organic matter buildup,
such as leaves and grass clippings, while minimizing the accumulation of
other pollutants like trash and spilled chemicals. This can be achieved by
preventing runoff from entering the water feature, which may carry various
pollutants and groundwater of unknown quality. Additionally, designing the
area around the water feature for easy cleaning can help limit unwanted
materials from entering the pond. Such preventive measures can significantly
decrease the need for infensive and costly maintenance.

Proper design and adequate water circulation and freatment are vital for
maintaining water quality. Without these critical elements, pollutants can
quickly make the water unsuitable for its intended purpose, compromising the
feature's attractiveness, harming aquatic plants and animals, and leading to
unnecessary water loss.
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While we cannot confrol rainwater from falling directly info the pond without a
protective roof, itisimportant to recognize that direct rainfall typically contains
minimal pollutants, mainly dust and potential airborne chemicals. Rainwater
collected from clean rooftops may also infroduce dust and organic maftter
but is generally manageable as long as the roof is well-maintained. However,
industrial areas and locations near busy highways or roads can accumulate
harmful chemicals. Airborne pollutants from industrial emissions and vehicular
exhaust can settle onrooftops and roads, infroducing contaminants like heavy
metals and volatile organic compounds. These chemicals can accumulate
over dry seasons, and when the rainy season returns, they may wash off roofs
or paved surfaces during rainfall. If not properly managed, this runoff can
enter water features, natural streams, and groundwater, posing significant
risks to water quality. The rainwater collection and management of water
quality from rooftops and landscaped areas are explored in greater depth in
Chapter 10 — Integrating Rainwater Harvesting with Water Features, providing
insights info mitigating and reducing the collection of pollutants from
harvested rainwater.

Water pollutants can manifest as visible accumulations of various substances,
which may float on the surface, sink to the pond floor, or remain suspended.
They also include dissolved substances that standard filtration or nets on
telescopic poles cannot mechanically remove.

Visible particles are typically removed through mechanical filtration. In
contrast, improving water quality by removing dissolved substances and small
pathogens requires water purification methods. In cases where significant
pollution accumulation or persistent challenging pollutants occur, more
drastic measures, such as replacing the pond’s water, may be necessary. To
minimize pollution, it is crucial fo implement a stormwater management plan
that anticipates heavy rainfall and includes catchments or barriers to prevent
polluted runoff from entering the pond.

Various methods can be employed to remove pollutants from water, each
targeting specific concerns to ensure that the water remains clean, safe, and
suitable for its infended use. Large debris such as frash, seasonal leaf drops, or
grass clippings must be manually removed using nets or other tools. Traditional
inline filiration systems effectively capture small and medium-sized particles,
while strainers and skimmers are useful for collecting medium-sized debris
that is not removed manually. Fine dust that escapes filiration can be bound
intfo larger particles using special chemical agents, making it possible to filter
the accumulated fines effectively. Certain dissolved substances can be
neutralized or removed through techniques like bio-filiration, while parasites
and tiny microorganisms can be addressed chemically or treated with UV or
ozone.
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In extreme cases of extensive contamination with difficult-to-remove
substances, draining the entire water feature may be necessary as a last
resort. This process enables thorough cleaning of the pond structure and
remediation failored to the specific pollutants. Once the water feature is
restored to a clean state, it can be refilled with fresh water.

Some small water features that experience vigorous aeration and frequent
water circulation may need minimal or no water-quality maintenance
components in their plumbing circuits. These compact features can operate
effectively without special freatments if the water remains adequately
oxidized through aeration. Likewise, medium-sized water features equipped
with aeration elements, such as waterfalls or multiple jets, may only require
periodic water freatments, like manually adding chlorine, thus eliminating the
need for permanent inline treatment installations. Very small systems with low
water usage might find replacing the water as needed more practical, thereby
avoiding the need for chemical additions or alternative purification methods.

The following is a brief overview of key solutions that can help maintain
water quality suitable for typical water feature purposes, whether applied
individually orin combination. The upcoming chapters of this book will provide
more detailed explanations of these methods.

Strategic Design Solutions

Selecting the Optimal Location for a Water Feature: Placing a water feature
is crucial in minimizing pollution. It requires locations away from contaminants
like dust and debris and consideration of wind patterns to reduce airborne
pollutants.

Selecting the Appropriate Water Feature Type and Size for the Site: The type
and size of the water feature should reflect its environment and potential
human interaction, ensuring easy maintenance and minimizing misuse
through design strategies.

Managing Sun _and Shade Exposure to Control Algae Growth: Sunlight
significantly influences algae growth. Incorporating shade into the design can
help control this issue and reduce the need for chemicals in freatment.

Addressing Rainwater Contamination in  Polluted Areas: To combat
contamination from polluted rainwater, covered structures and pre-filiration
systems can help protect water features from harmful particulates and
chemicals.

Designing for Easy Manual Maintenance: Designing for effective maintenance
encompasses accessible features, efficient skimming systems, and adequate
drainage to ease cleaning and prevent pollufion accumulation.

Encouraging Responsible Human Interaction: Signage and designated
areas promote proper human interaction to maintain water cleanliness,
encouraging respectful engagement with the water feature while reducing
contamination.
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Mechanical Filtration

Mechanical filiration uses physical barriers to remove debris, sediments, and
impurities from water, making it visibly clean and safe for various applications.

Pole Nets: These mesh tools manually scoop out larger debris from the water
surface, such as leaves and insects. Pole nets are effective forimmediate and
straightforward removal of visible contaminants.

Sand Filters: These filters use a bed of sand to frap particles suspended in the
water. As water passes through the sand, impurities are captured, leaving the
water cleaner. Sand filters are commonly used in larger water features and pools.

Cartridge Filters: These consist of a replaceable filter cartridge made of
pleated material that captures debris and particles as water flows through.
Cartridge filters are compact and efficient, offering easy maintenance and
high filtration performance.

Basket Strainers: Basket strainers eliminate large debris and particles from the
water before they enter other filtration systems. They are commonly utilized
in the early stages of filtration to prevent clogging and protect the plumbing
circuit and its delicate components.

Y-strainers and Small Inline Strainers: These typically inline filters feature a
removable fine mesh designed to capture small particles suspended in flowing
water, preventing clogging or damage to delicate equipment in water systems.

Poolside Skimmers: This device, installed along the top edge of a pool, captures
and removes floating debris, such as leaves, insects, and other particles, from the
water’s surface before they sink to the bottom.

Gravel Filters: These systems use layers of gravel to tfrap and filter out larger
particles from the water as it flows through. The gravelis a physical barrier that
captures sediments and debiris, improving water clarity.

Straw Bale Filters: These are natural filtration systems that use densely packed
straw bales to capture and remove sediments, debris, and some pollutants from
water, commonly employed in stormwater management and runoff freatment.

Water Purification

Water purification involves removing or reducing dissolved substances,
microorganisms, and contaminants not captured by mechanical filtration.

Bio-filiration: This method uses organisms like plants and beneficial bacteria to
filter and purify water naturally. Bio-filfration is an eco-friendly way to remove
some dissolved contaminants from water.

Aeration: The main benefit of aeration is infroducing dissolved oxygen into
the water, which enhances the health of aquatic life and discourages the
growth of harmful microorganisms. This oxygen is crucial for aerobic bacteria,
which consume organic pollutants like decomposing matter or sewage. By
increasing oxygen levels, aeration promotes the growth of these beneficial
microbes and accelerates the biodegradation of pollutants. This method also
promotes water circulation and prevents stagnation.
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Ozonation: Purifying water by intfroducing ozone, a powerful oxidizing gas,
info it is highly effective at disinfecting and deodorizing it, eliminating harmful
microorganisms, organic contaminants, and unpleasant odours. This method
offers a chemical-free and environmentally friendly approach to improving
water quality and clarity in various water features, such as pools, fountains,
and ponds that support aquatic life.

UV (Ultraviolet) purification: UV freatment in a water feature ufilizes ultraviolet
light to disinfect and purify the water. When these special light rays are
directed into the water, they target microorganisms such as bacteria, viruses,
and algae, effectively neutralizing them. UV purification is chemical-free and
environmentally friendly, leaving no residue or by-products in the water. It
is a popular choice for maintaining clean and safe water in various water
features where chemical freatment is not feasible, ensuring the water remains
clear and free from harmful microorganisms.

Chemical Treatment: Chemical treatment involves using selected chemicals
fo neutralize contaminants, confrol algae and pathogens, and adjust
water chemistry. Proper chemical freatment is essential for achieving and
maintaining water quality goails.

Electric ionizers: These small devices, typically installed inline in the circulation
system, effectively control algae in water features by releasing copper, zinc,
and silver ions into the water. These ions disrupt algae growth by targeting
their cell walls and inhibiting photosynthesis. These electric devices submerge
electrodes of a combination of these metalsinto the flowing water, infroducing
their ions through low-voltage current. This method provides a chemical-free,
eco-friendly solution for maintaining a clean and clear aguatic environment
without traditional chemical freatments.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

9.2.3.4. UV Sterilization

Ultraviolet (UV) sterilization (purification) is an advanced and effective
technology used for water treatment in various water features. UV purifiers
employ a specific type of ultraviolet light, known as UV-C, to disinfect and
purify water by deactivating harmful microorganisms and pathogens. This
processrelies on the high-energy UV-C light, which has a wavelength between
200 and 280 nanometers, to disrupt the genetic material (DNA and RNA) of
microorganisms, rendering them incapable of reproduction and causing
them to die off. This method is highly efficient and environmentally friendly
because it does not involve using chemicals, making it safe for humans and
aqguatic life.
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The UV purification equipment typically consists of a UV lamp housed within a
protective quariz sleeve, preventing direct contact between the water and
the lamp. The water circulates through a chamber where it is exposed fo the
UV-C light. As the water flows past the lamp, microorganisms such as bacteria,
viruses, algae, and other pathogens are subjected to UV radiation, effectively
neufralizing them. UV purifiers are available in various sizes and capacities,
making them adaptable to water features of all scales, from small fountains
and birdbaths to large ponds, pools, and even industrial water systems.

One significant advantage of UV purification is its ability to work swiftly. When
water passes through the UV chamber and is exposed to UV-C light, harmful
microorganisms are immediately inactivated. This makes UV purification an
excellent choice for water features that require rapid and ongoing treatment.
Moreover, UV systems are relatively low-maintenance compared to other
wafter treatment methods. The UV lamps typically need replacement every 9
to 12 months to maintain optimal performance.

UV purification is widely recognized for
its efficacy in eradicating waterborne
pathogens and maintaining water
clarity, ensuring the safety of
aguatic environments. It is a clean
and chemical-free process that
does not alter the water's chemical
composition or add any by-products,
making it a preferred choice for water
features that house fish or aquatic
plants. Additionally, UV purification is
an environmentally friendly solution,
contributing to sustainable water
management practices.

Proper maintenance of a UV purification system is essential to ensure its
effectiveness. A key aspect of this maintenance involves keeping the UV lamp
clean, as any dirt or debris accumulating on its surface can significantly reduce
its efficiency. Typically, a simple wiping of the lamp with a cloth or soft material is
sufficient fo remove any buildup of stains. The frequency of this cleaning regimen
is subject to variables such as the lamp’s wattage and the amount of dust and
debiris present in the water. In most cases, a thorough lamp cleaning every few
months is recommended, but the exact schedule may need to be established
through regular observations to maintain optfimal UV system performance.

In summary, UV purification technology is an efficient and environmentally
responsible means of treating water in various features, ensuring clarity,
safety, and sustainability. Its ease of use, quick action, and low-maintenance
requirements make it a compelling choice for those seeking a reliable and
safe water freatment solution.
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UV lamp as the water purifier offers several advantages and disadvantages:

Advantages:

¢ Chemical-free purification: UV purificafion does not involve chemicals,
making it a natfural and environmentally friendly water freatment
method.

* Effective against microorganisms: UV light destroys bacteria, viruses, and
algae, ensuring a safe and clean water environment.

* No impact on water composition: UV purification does not change the
chemical composition, taste, or odour of the water, making it suitable for
maintaining the natural balance of water features.

e Low operating costs: UV purification systems typically have low
operational costs, making them a cost-effective solution for long-term
water maintenance.

Disadvantages:

* Inability to remove debris: While effective against microorganisms, UV
purification systems do not remove physical debris or particles from the
wafter, necessitating additional filfration system:s.

 Dependency on electricity: UV purification systems rely on electricity to
function, which can lead to potential operational issues in case of power
outages or electrical failures.

e Limited effectiveness on certain organisms: UV purification effectively
freats water and pathogens exposed to UV light. However, it may not
reach certain organisms or larger types of algae that are not fransported
by pumped water circulation, necessitating additional purification
methods.

* Maintenance requirements: UV lamps require regular cleaning and
replacement to maintain optimal performance, adding to the overall
maintenance workload and costs.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

Chapter 10. Integrating Rainwater into Water Feature

Today's world faces significant climate challenges and an increasing water
shortage, exacerbated by the rapid depletion of underground aquifers due
to the rising demand for water resources required to support our industrial and
agricultural practices. With traditional water sources under increasing strain,
collecting rainwater presents a sustainable and practical solution to supplement
our water needs.
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In many parts of the world, rainfall occurs frequently and, when effectively
harvested, allows us to collect substantial volumes of fresh water. This water
can be used for various activities that do not require potable quality, such as
irrigation, toilet flushing, and maintenance work. By adopting this approach,
we can adlleviate the strain on municipal water resources while simultaneously
addressing several challenges related to stormwater management in urban
areas. Traditional stormwater systems typically collect runoff from hard surfaces
and channel it info underground systems, rapidly releasing large volumes of
water info rivers, which increases erosion and ecological degradation.

A well-designed rainwater harvesting system requires a place to store the water
for future use. In areas where rain is seasonal, followed by several months of
drought, stored water must be kept in a manner that maintains its quality and
profects it from pollufion and significant loss through evaporation. Therefore,
all stored rainwater requires diligent monitoring and comprehensive filfration
processes to ensure its safety and usability. Appropriately designed water
features incorporated info the storage system emerge as one of the most
effective mechanisms for facilitating these essential processes. They enable visual
monitoring of water quality while ensuring effective filiration through mechanical
and bioremediation methods, resulfing in clean and usable water. This practical
approach significantly contributes to the sustainable management of water
resources in both urban and rural settings, ensuring their ongoing maintenance
and preservation. Where suitable, it also infroduces an aesthetic element to the
typically utilitarian nature of rainwater harvesting initiafives.

Rainwater harvesting involves constructing a system of gutters, downspouts,
and fanks to gather rainwater from rooftops and other surfaces. Non-potable
rainwater can also be collected from paved areas and gardens, but it
requires filtration to remove any small particles carried by the runoff. When
aiming for potable water, the sanitation process becomes more intricate. It
typically involves advanced filtfration systems, purification, and often chemical
freatments to meet stringent safety standards for drinking water.

Incorporating rainwater harvesting into a site design must be initiated at the early
stages of project development. This early infegration allows for accurate modelling
of the critical size and location of the components of the rainwater harvesting
system, ensuring optimal utilization of available resources and precise estimation
of water needs. This inifial stage involves a comprehensive assessment of the
site’s potential for water collection, considering local microclimatic conditions,
including variations in rainfall intensities and frequencies. Understanding
precipitation patterns is essential for accurately gauging the volume of water
that can be harvested over time. Factors such as the size and type of collection
surfaces, whether rooftops, pavements, or landscaped areas, must be carefully
analyzed to determine their potential confribution to water collection. Moreover,
estimating the storage capacity required to meet anficipated water demands
involves considering the intended use of the harvested water, whether for
irigation, domestic use, or other specific applications.
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Storing water poses its own set of challenges. For instance, opting to collect
wafterin a pond can lead to issues such as heightened evaporation rates, the
gradual accumulation of debris, and the potential growth of algae, which
can adversely impact water quality and aesthetics. On the other hand,
utilizing above-ground tanks for storage is a practical solution, yet the visual
appeal of these tanks may not always align with the surrounding environment.
Storing water underground may be feasible in areas where excavation
and site design can accommodate buried tanks; however, the structural
demands and associated costs of implementing such tanks can present
significant challenges. The unique characteristics of each site and specific
project requirements result in unique challenges that necessitate balancing
practicality, aesthetfic consideratfions, and cost-effectiveness. This balance
is crucial for implementing an optimal and sustainable rainwater harvesting
system tailored to the specific needs and conditions of the project.

While the design of storage tanks and accurate estimation of site potential
resolve the crucial aspect of rainwater harvesting, it is equally vital to
emphasize the development of a comprehensive system for maintaining
the stored water. This aspect of the system ensures that the harvested water
remains usable forits designated purposes. Implementing strategies forregular
inspection, cleaning, and potential freatment protocols is fundamental
for preventing contamination, stagnation, and the growth of harmful
microorganisms. Incorporating efficient water circulation, aerafion, and
filtration mechanisms within the storage system can significantly conftribute to
preserving the water’'s quality and extending its usability.

This task becomes particularly challenging when the storage is underground,
as access for monitoring purposes is often limited. However, integrating
a visible monitoring solution, such as a small water feature facilitating the
circulation of stored water, can prove immensely beneficial. This innovative
approach allows for the visible observation of water presence and cleanliness
and facilitates aeration, thereby aiding in preserving water freshness. The
confinuous circulation within the system supports a natural filiration process,
helpingtoremove impurities and particulate matter. Additionally, the improved
water circulation ensures that any necessary freatments, if required, can be
administered more effectively as the water remains in motion, preventing
issues associated with stagnation.

Designing a substantial rainwater harvesting system is a multifaceted
process that entails thorough knowledge of hydrology, engineering, and
environmental considerations. While this chapter addresses various aspects
of rainwater harvesting, it is not infended to serve as a comprehensive guide
for the complex details of designing large-scale systems. Instead, its primary
focus is to provide readers with a broad understanding of the fundamental
principles and essential considerations for planning and implementing water
features as monitoring and maintenance solutions in rainwater harvesting
projects.
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10.1. Basic Components of a Rainwater Harvesting System

A typical rainwater harvesting system features several essential components that
ensure efficient water collection, storage, and sustainable use. Regardless of the
system’ssize, the following three components are crifical to its overall effectiveness:

e Catchment Area
e First-flush System
e Storage Reservoir

The other four components, which are generally included in systems ufilizing
the harvested water, are:

e Pump

e Float Switch

¢ Overflow

e Backflow Preventer

The descriptions of these components are provided below, with detailed
information available in the subsequent chapters.

The Catchment Area

The catchment area serves as the starting point for a rainwater collection
system. This area can consist of hard surfaces, such as rooftops, driveways,
or patios, which facilitate the collection of rainwater and its fransportation to
subsequent system components. It can also include soft landscaped surfaces,
such aslawns, planting beds, or ponds, where various surface collectors gather
runoff or direct it info underground plumbing systems. Downspouts, properly
sized and sloped gutters, ditches, and runnels are crucial for channelling
rainwater from the catchment area to the storage tank, ensuring a smooth
and confrolled flow. When rainwater is collected from a natural environment,
it may be partially contaminated with debris and pollutants that must be
removed before the water is stored.

The First-flush System

After a prolonged dry spell, the initial runoff from a hard surface typically
collects dust and debris that have accumulated during the drought.
Eventually, the flowing water becomes significantly cleaner once the rain
washes away the particles. Therefore, preventing these potential pollutants
and debris from entering the storage unit helps maintain the quality of the
stored water. Managing this process manually is impractical; thus, the first flush
from the collection must be automatically diverted using a first-flush-diverter
that redirects the initial runoff away from the storage tank. However, these
systems are not intended to eliminate all impurities from collected rainwater;
consequently, the stored water generally undergoes additional filtfration
before it is utilized.
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The Storage Reservoir

The storage reservoir is the most critical component, securely storing the
harvested rainwater until it is needed for specific purposes. It can be a tank,
a pond, or an underground vault capable of collecting and safely storing the
collected water for potentially extended periods of time. A storage tank, often
equipped with pumps, taps, or valves, allows for the controlled release of the
collected water. A storage reservoir can be located at the site’s lowest point,
allowing runoff to flow by gravity from the collection area, which is practical
and cost-effective. However, some more complex systems feature a main
storage reservoir positioned at a high elevation and smaller collection points
throughout the site, from which the water is pumped to the main reservoir.

The Pump

The pump typically serves two critical roles in a rainwater harvesting system.
First, at the reservoirs situated at the site's low point, pumps facilitate water
transportation fromthereservoirtoitsinfended destinations. Second, regardless
of the reservoir’s location, pumps aid in circulating water within the system,
enabling monitoring and maintaining water quality before use. Ideally, this
function is supported by incorporating a small, simple water feature, which
effectively oversees and manages the stored water. Depending on site
configuration and the storage size, a single pump may be sufficient for both
purposes. In more advanced setups, where the storage tank is positioned
above the catchment area, pumps facilitate efficient water transfer from the
short-term collection tanks to the main reservoir.

The Float Switch

Including a float switch streamlines the system’s operation by automatically
activating or deactivating the pump based on predetermined water levels
in the storage tank. This mechanism protects the pump from damage by
preventing it from running when the water level is too low, and avoiding
overflow when it is too high. Additionally, the float switch optimizes energy
usage, enhancing the system'’s overall efficiency and pump longevity.

The Overflow

An overflow pipe is integrated info the rainwater harvesting system to
manage the potential overfilling of the reservoir. This pipe drains excess water
safely, preventing the storage tank from exceeding capacity and potentially
causing damage. The overflow line typically directs water into a site drainage
system. This essential feature ensures the system functions continuously,
minimizes the risk of water-related issues, and preserves the integrity of the
storage infrastructure.

The Backflow Preventer

Many rainwater harvesting systems may encounter temporary water
shortages during prolonged droughts, necessitating the sourcing of additional
water. This supplementary source, usually a borehole or municipal supply,
can be incorporated info the circulation system in two ways. First, the water
source can be manually or automatically switched from the reservoir to the
secondary supply. Alternatively, the secondary source can be connected to
the water storage tank, allowing it to top up as needed.
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Regardless of the method, installing a backflow preventer at the secondary
source is essential as it safeguards against contamination from the rainwater
harvesting system.

The above list outlines only the most basic components of a typical rainwater
harvesting system. However, the complexity of each system can vary
significantly based on the specific use of the harvested water, unique site
characteristics, and individual preferences. More advanced systems may
infegrate additional features to offer specialized functions, such as water
sterilization, enhanced filtration, or other customized functionalities designed
to meet specific needs.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

10.3. Filtration and Monitoring of Harvested Rainwater Quality

The degree and complexity of water filtration depend on the type of water
storage and the intended use of the harvested water. For instance, an open
pond collecting runoff from a suburban landscape may need less stringent
filtfration than an urban runoff system that channels water into an underground
reservoir. Also, a system intfended for uses such as flushing toilets and irrigation
demands a higher level of filiration to ensure the water is free of contaminants
and suitable for its purpose. The filtration requirements thus vary based on
the potential pollutant levels and the specific applications for which the
harvested water will be used.

Before designing the filtering system, it is crucial to thoroughly analyze the
harvesting potential’s compatibility with the collected water’s intended use.
This analysis should consider not only the volume of water but also the types
and levels of pollutants that may need to be removed before the water can
be used for its infended purpose.

The process begins with assessing the rain harvesting collection area and
the possible accumulation of pollutants. Next, it is important to define the
limitations on the water quality that the collected water must meet for ifs
infended use and determine if the required filtration process is feasible. This
assessment ensures that the harvested water meets the requirements for its
infended applications.

In some cases, the harvested water may require a complicated purification
process to eliminate contaminants, which can be challenging. For example,
if the collected water is infended for drinking, it necessitates a high degree
of filtration and purification. If analysis of the collection area shows that
the harvested water could absorb harmful substances that are difficult to
filter, installing a rain harvesting system for that specific purpose might be
impractical.
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Rainwater harvesting systems typically include two stages of water filiration to
ensure the collection of relatively high-quality water. Prefiltration, the first stage,
occurs before the water enters the storage reservoir, focusing onremoving larger
debris and contaminants. This initial filfration aims to gather water that meets
basic quality standards for storage. The second filiration system is designed
to maintain water quality within the storage tank and provide water with the
desired level of purification for various uses. This second stage of filiration of
stored water targets finer particles, sediments, and potential contaminants that
may have entered the system during rainfall or while in storage.

A third sanitatfion and filiration system may be needed for rainwater meant for
consumption, where potable water quality is essential. This advanced system
ensures that the water undergoes rigorous freatment to meet the required
sanitary standards for human consumption. By combining these filtration
stages, rainwater harvesting systems can deliver water suitable for various
applications, ranging from non-potable uses like irrigation and maintenance
to potable uses like drinking and cooking. Each filtration stage is crucial in
maintaining overall water quality and ensuring the harvested rainwater meets
the specific standards demanded by its intended use.

10.3.1. Prefiltration

Prefiltration is a crucial step in rainwater harvesting systems, essential for
ensuring that the initial collection of water is free from large and medium-sized
debris that the runoff may carry. As discussed in_Chapter 10.2.1 — Collection
of Water from Roof Area with a First-flush System, prefiliration of roof runoff is
typically managed with a first-flush system, which diverts larger debris and
contaminants away from the collection process. However, when harvesting
water from landscapes, these systems are often insufficient due to their limited
capacity to handle larger runoff volumes and diverse types of pollutants.
Therefore, prefiliration mechanisms for water collected from the landscape
utilize various other techniques to eliminate contaminants before water enters
the storage reservorr.

Common runoff filters, like drainage grates or mesh screens, are usually part
of water collection systems found in roadside gutters or area drainage fittings.
However, these filters primarily capture only large debris. A concentrated
stream of runoff flowing through a gutter often carries smaller debris, either
floating on the surface or pushed along the bottom. This smaller debris, which
the standard catch basin grate cannot catch, needs to be collected before
the water is directed to storage. Sumps typically capture heavier debris, while
lighter debris may require additional filtration methods for proper removal.

Sumps are basins or pitsinstalled along a drainage system, allowing heavy debris
to settle at the bottom. However, capturing floating fine debris necessitates
the installation of mechanical filters. Given the need for a fast-acting filtering
process, these typically include gravel beds or structures with finer mesh.
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Trapping sediments such as silt is more complex as they are often mixed with
rapidly flowing water, necessitating the incorporation of sediment beds and
fine filters. However, filtering the smallest particles is time-consuming and
may not be feasible without detention ponds strategically placed within
the collection area. As discussed in Chapter 10.2.2.2 — Detention Ponds for
Rainwater Harvesting, these structures reduce siltation by temporarily storing
water and allowing the suspended fines to settle on the detention pond’s
floor.

When collecting water from paved areas such as parking lots or roadways,
oil and chemical pollution presents a significant challenge. To address this, oil
fraps can capture and separate oils, grease, and other hydrocarbons from
stormwater runoff. These devices typically feature a chamber with a floatfing
baffle or coalescing media, which allows contaminants to rise to the surface
while permitting cleaner water to pass through. However, if contamination
levels are high, oil fraps alone may not be sufficient. While incorporating bio-
filtration difches into the prefiliration system can effectively help remove some
pollutants, more extensive purification systems may be necessary for significant
chemical contamination. The complexity of these systems depends on the
anticipated use of the harvested water.

The effectiveness of prefiltration significantly improves the efficiency of the
rainwater harvesting system. By removing larger debris and contaminants
during the runoff collection stage, prefiliration reduces the need for extensive
cleaning of the stored water and minimizes maintenance requirements for
the entire system, including tanks, pipes, filters, and other components.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

10.6. Rainwater Harvesting for Compensating Water Losses in Ponds

Infegrating water features with rainwater harvesting systems creates a mutually
beneficial relationship that enhances water quality and sustainability. When
carefully designed, a water feature can serve as a functional and aesthetic
extension of a rainwater harvesting system without significantly increasing
wafter loss. These systems can minimize evaporation by incorporating strategic
placement, shading, and efficient circulation while providing an ecologically
supportive and visually engaging feature.

A well-designed water feafure actively contributes to rainwater harvesting
by circulating stored water, reducing stagnation, and improving filtfratfion.
Without this movement, stored rainwater may degrade in quality, leading
to sediment buildup, algae growth, and reduced usability. By integrating a
water feature, the system maintains continuous motion, naturally aerating the
wafter while enhancing its visual appeal.
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At the same time, water features benefit from a dedicated rainwater supply.
Instead of relying on municipal potable water, which increases demand on
local resources, sustainably collected rainwater provides an efficient and
environmentally responsible source. Even if a rainwater harvesting system
is not designed for large-scale irrigation or other sustainability initiatives, a
small-scale system dedicated to water features can sfill provide substantial
advantages.

Chapter 8.1 — Factors Contributing to Water Loss in Water Features examines
how even well-sealed ponds experience losses through evaporation,
maintenance, and splashing. In urban environments, where the heat island
effectaccelerates evaporation, relying solely on municipalwatercanbecome
costly and unsustainable. A rainwater-fed system helps offset these losses,
reducing dependence on external water sources. Additionally, integrating
rainwater harvesting with water features can help manage stormwater runoff,
a common challenge in urban areas. Traditional stormwater management
often prioritizes rapid removal of runoff, which can lead to flooding and
excessive strain on drainage systems. Capturing and reusing some of this runoff
reduces peak flows and enhances overall water management efficiency.

The effectiveness of rainwater harvesting depends on factors such as system
efficiency, rainfall intensity, and collection area size. While capturing 100% of
rainfallis not feasible due to overflow and inefficiencies, well-designed systems
typically collect around 80% of available rainfall. Site-specific conditions
influence actual collection volumes, making it essential to consider local
rainfall and evaporation data when designing a system.

Local meteorological data, including rainfall averages and pan-
evaporation rates, is critical for determining the necessary collection
area to offset water feature losses. As discussed in Chapter 8.1.1 — Water
Evaporation,, annual and monthly evaporation losses can be estimated based
on pond surface area and local conditions. For precise calculations, refer to
Chapter10.2.1.1-Calculatingthe Volume of Harvested Waterfromthe Roof and
Chapter 10.2.2.1 — Calculating the Volume of Harvested Water from the

Landscape Source

The following table shows the approximate yearly totals for rainfall (R) and
pan-evaporation (E) in various cities worldwide. The right column indicates
the ratio of these two factors. A rafio below 1 means evaporation exceeds
rainfall, whereas a ratio above 1 signifies that rainfall surpasses evaporation.
For instance, Riyadh has a low ratio of 0.03, while Cherrapunji has a high
ratio of 8.21, highlighting a significant gap between rainfall and evaporation.
However, most urban areas worldwide generally have ratios between 0.5 and
1.5, indicating a relatively balanced relationship between precipitation and
evaporation. This data allows us to estimate how closely rainfall matches the
amount of water lost through evaporation in many locations.
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City Continent Rainfall (R) Evapér)aﬁon W

mm | inch | mm | Inch Ratio
Riyadh, Saudi Arabia Asia 75 3 2800 | 110 | 0.03
Tehran, Iran Asia 250 10 1800 71 0.14
Athens, Greece Europe 450 18 1600 63 0.28
Johannesburg, S. Africa | Africa 800 31 1550 61 0.52
Istanbul, Turkey Europe 750 30 1200 47 0.63
Brisbane, QLD Australia 1150 45 1700 67 0.68
Townsville, QLD Australia 1900 75 2100 83 0.90
Lagos, Nigeria Africa 1600 63 1600 63 1.00
New York City, USA N. America | 1250 49 1200 47 1.04
Seattle, USA N. America | 1100 43 1000 39 1.10
Hong Kong, China Asia 2000 79 1500 59 1.33
Singapore, Singapore Asia 2200 87 1500 59 1.47
Belém, Brazil S. America | 2250 89 1400 55 1.61
Manaus, Brazil S. America | 2150 85 1300 51 1.65
Monrovia, Liberia Africa 3500 138 | 1500 | 59 2.33
Cherrapuniji, India Asia 11500 | 453 [ 1400 55 8.21

For instance, if the ratio R/E=0.7, the rainfall collection area must be larger
than the pond area, as evaporation exceeds rainfall. This means each square
metre of the collection area yields 0.7 times the rainfall necessary to offset
the evaporation from one square metre of the pond. Inverting this rafio,
1+0.7=1.431 indicates that the collection area needs to be roughly 1.43 times
greater than the pond surface. Assuming an 80% efficiency in the harvesting
system, the required collection area would be approximately 1.43+0.8=1.79
fimes the pond area.

However, in practical terms, the calculated collection area should consider
the rainwater already collected by the pond’s surface. Consequently,
the additional rain harvesting area needed to compensate for pond
evaporation may be reduced by the pond’s surface area and could require
only 0.79 times the pond area for further collection. Nonetheless, given
the unpredictability of weather patterns and ongoing climate changes,
including a safety margin of 10 to 20% is sensible. This accommodates a
larger collection area and increases storage capacity to address rainfall
and water needs variations.
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A practical solution to minimize potable water use is to integrate a water
feature with a collection system that channels rainwater from an adjacent
roof info the pond or its circulation system. If the roof area is comparable
to the pond surface and the rainfall-fo-evaporation ratio is above 0.5, the
combined water collected from the pond and roof may be sufficient to
maintain the pond’s water level throughout the rainy season. This approach
would only require additional water sources during drought periods.

In this method, a significant portion of harvested rainwater will flow through the
pond, rejuvenating its water, while any excess must be managed through a
properly sized overflow system. If the overflow water is collected in an additional
storage reservoir, this setup might be sufficient fo maintain the pond's water level
throughout the year without using potable water. However, careful calculations
are necessary o ensure the appropriate sizing of all lines and the tank capacity.

By evaluating potential water loss from evaporation, maintenance activities,
and minor issues like splashing, while considering local rainfall, one can
accurately determine the necessary collection area to ensure a sustainable
water supply for the pond that offsets these losses. This approach effectively
helps maintain pond levels and reduces reliance on external water sources.
As rainfall may not coincide with high evaporation periods, water collected
from the pond and any supplementary harvesting area may need to be
stored in a reservoir for later use. Modelling the optimal size of the reservoir
involves calculating the total potential water loss and combining it with
local precipitation rates. The process of sizing a water tank is detailed in
Chapter 10.4 — Estimating the Optimal Size of the Rainwater Storage Tank.

In arid areas or regions with prolonged dry seasons, where evaporation
exceeds precipitation, careful system design is essential to capture and store
every drop of rain. Attenfion must be paid to rainfall amount, distribution, and
collection efficiency. In regions with a rainfall-to-evaporation ratio significantly
below 1, where water is scarce, rainwater harvesting becomes crucial for
supplementing limited supplies. The collection area might need to be much
larger than the pond surface, and a substantial reservoir may be essential for
storing collected water during drought periods. Additionally, the design and
location of the reservoir should minimize water loss. A deep above-ground
tank or a ground-level pond with a small surface area limits air exposure,
effectively reducing evaporation. Ideally, the reservoir should be shaded and
feature a tight cover. Alternatively, an underground reservoir with only a small,
covered access point for maintfenance can be highly effective.

Conversely, in areas where the rainfall-to-evaporation ratio exceeds 1, the
water collected from the pond surface generally surpasses the evaporation
losses from the same pond. Although theoretically, the pond might collect
more water than it loses through evaporation, other potential water losses
mean that relying solely on the pond surface for rainwater collection may not
be sufficient. Additionally, as rainy days are not evenly distributed throughout
the year, evaporation losses from the pond may not align with the rainy
season. Therefore, a thorough monthly calculation of potential water loss is
necessary to determine if additional storage measures are needed.
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When using the pond surface as a collection area, managing excess water
with an overflow system is essential fo prevent spillage over the pond’s edges.
In this setup, runoff from the pond flows through the overflow info a reservoir
sifuated downstream. Therefore, the fop of this storage tank should be
positioned below the surface level of the pond, allowing the collected water
to flow naturally without the need for pumping. Additionally, the size and
placement of the tank must be carefully calculated to ensure it can store the
minimum volume necessary to compensate for any total water losses from
the pond.

In areas with moderate rainfall, harvesting systems can be designed to
manage pond water losses and store surplus water for future uses, such as
maintenance orirrigation. Building a larger reservoir can decrease reliance on
municipal water sources and aid in flood prevention, groundwater recharge,
and overall water resource management if the project budget and space
permits.

When the rainfall-to-evaporation ratio is close to 1, the amount of rainwater
theoreftically aligns with the evaporation rate for the same area. However,
uneven distribution and varying intensities of rain events throughout the
year can cause short and prolonged dry periods. Moreover, with increased
impervious surfaces and reduced vegetation, urban environments encounter
additional challenges in maintaining adequate soil moisture and achieving
balanced rainfallinfiliration into groundwater. Paved roads and roofs heighten
surface runoff, while the urban heat islkand effect, driven by intensified heat
absorption in developed areas, generates localized microclimates that can
boost evaporation rates. Consequently, rainwater harvesting in urban settings
becomes a vital intervention to address these imbalances, necessitating
innovative strategies such as green infrastructure, permeable pavements,
and decentralized collection systems to restore a more sustainable water
balance.

In conclusion, rainwater harvesting is a versatile and location-specific solution
for addressing the growing global demand for water. Through careful
planning and system efficiency, it effectively addresses water deficits in arid
regions and manages surpluses in tropical climates. By infegrating rainwater
harvesting into urban and rural infrastructure, communities can reduce
reliance on fraditional water sources and enhance water management.

Water features created from harvested rainwater can effectively monitor
sfored water while enhancing urban environments. These features offer
numerous benefits, such as supporting local wildlife and improving the quality
of life for urban populations without relying on potable water from boreholes
or municipal sources. Despite facing challenges, embracing rainwater
harvesting fosters sustainable development, environmental awareness, and
resilience, ensuring a harmonious coexistence between human activities and
the natural world.
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The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

Chapter 11. Cost of Operation

While the charm of incorporating a water feature in a landscape is clear, it is
essential for potential owners to understand that the expenses associated with
such features go well beyond the initial design and construction costs. Indeed,
while creating an inviting system that may include fountains, ponds, or other
visually appealing and environmentally beneficial water elements is thrilling,
the ongoing maintenance and operational costs can catch some off guard.
From water tfreatments and energy usage to regular cleaning and potential
repairs, the financial obligations necessary to maintain a water feature can
add up quickly. Therefore, assessing these operational costs before fully
committing to the design and installation of a water feature is prudent. By
doing this, individuals can make well-informed decisions, ensuring their water
feature project does not come with unexpected financial challenges.

The operational costs of maintaining a water feature encompass a range of
factors, which include the following ongoing expenses:

Energy Consumption: Operating water pumps and other essentialcomponents
for the feature’s functionality significantly impacts monthly energy bills, making
it a key consideration in the overall cost of operation.

Water Treatments: Regular use of various chemicals and other water quality
maintenance systemsis essential for ensuring the high quality of water features.
These freatments help prevent issues that could lead to functional or aesthetic
failures. While the cost of these resources is a consideration, neglecting their
use can result in even higher expenses due to potential damage and repairs.

Routine Maintenance: Regular tasks such as cleaning filters, removing
debris, and conducting system inspections are vital for maintaining optimal
performance and extending the lifespan of the water feature. These tasks
often involve labour costs.

Repairs, Upkeep and Replacement Parts: Wear-and-tear over time may
necessitate repairs and replacements of aging components such as pumps,
valves, or lighting fixtures, as well as maintenance or repairs to waterproofing,
the pond structure, or associated features. These costs contribute to the
ongoing operational expenses and financial investment required for
maintaining the water feature.

Water Loss and Refilling: Addressing water loss from evaporation or leaks and
regularly refilling the water feature can lead to increased water bills, requiring
consistent monitoring and management.

Seasonal Adjustments: Adjusting the water feature for seasonal changes—
such as preventing freezing in winter or managing higher temperatures in
summer—adds complexity to the operational costs.
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Insurance Costs: Insurance coverage for the water feature incurs periodic
expenses, depending on ifs size and type, and should be factored info the
overall cost of operation.

Regulatory Compliance: Costs associated with meeting local regulations,
obtaining necessary permits, and adhering to water usage restrictions
contribute to operational expenses.

Professional Services: Hiring experts for regular inspections, maintenance, and
froubleshooting ensures the water feature’s longevity, but this comes with
service fees that impact the total cost of operation.

In addition to the above list, there are inherentrisks, including potential vandalism,
accidents, and unforeseen natural events. Vandalism threatens the aesthetic
and functional integrity of the feature, with deliberate damage to components
or sabotage of water quality requiring repairs and potfentially increased security
measures. Accidents, whether caused by human error or external factors, can
lead to damage that may disrupt the system and necessitate immediate
attention and financial investment. Furthermore, natural occurrences, such as
severe weather events like floods or dust storms, have the potential to inflict
extensive damage, necessitating significant repairs. In less severe instances,
these acts of nature may compromise water quality, prompting the need for
water replacement. Whether it is the force of a major weather event or the
gradual impact of lesser incidents, the implications for the water feature’s
integrity and functionality underscore the importance of preparedness and
diligent maintenance to mitigate potential damages.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

11.1.1. Energy Consumption for Water Pumps

The operational costs related to power consumption in water features can
become significantly high, especially when powerful equipment is necessary
for the system’s optimal performance. For example, a large waterfall requires
a considerable water flow to maintain its impressive display. Large pumps are
essential during the system's operation to fulfil this need. Anficipating the cost
of power consumption is vital in such situations, and an effective approach
is to calculate the energy usage based on the design flows of the water
feature. However, it is important to note that a pump’s power rating, such as
a 3 kW or 5 HP pump, does not necessarily indicate its actual energy usage
during operation. Factors such as pump efficiency, system resistance, and
fluctuations in electrical supply can cause actual consumption to vary from
the rated value.
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Several manufacturers provide pump efficiency graphs alongside the pump
performance curve. However, if this information is unavailable, reasonable
assumptions can be made to estimate the power consumption. Typically,
water feature pump efficiencies range between 50% and 85%, depending
on the pump’s type, design, and operating conditions. Most standard pumps
operate with 60% to 75% efficiencies, while high-efficiency models, often
designed for specific performance or larger systems, can achieve up to 85%.
It is important fo note that factors like improper installation, mismatched flow
rafes, or system resistance can reduce actual efficiency.

By estimating the power requirements upfront and considering factors like
required head pressure and flow rate, individuals can better anticipate and
plan for the financial implications of sustaining a water feature with significant
energy demands.

Converting the calculated information on required flow and pressure into
kilowatt (kW) power consumption involves applying the hydraulic power
formula and adjusting the metric and imperial systems.

The metric system formula for calculating the power consumption in kW is as
follows:

P=(@Qxhxg)+n
Where:
P — represents power requirements in kW

Q - is the flow rate of water in cubic metres per second (m3/s)

h —is the pressure head of the water in metres (m)

g —is Gravitational Constant = 9.81 m/sec?

n - represents the efficiency of the pump (n = 0.8 for an 80% efficient
pump)

A similar formula in imperial units, which also incorporates the gravitational
constant in its calculations, is as follows:

P =(0.746 x Q x h) + (3960 x n)
Where:
P - is power in kW

Q -is the flow rate of water in USG per minute (GPM)
h —is the pressure head of the water in feet (ft)
n = is the efficiency of the pump (n = 0.8 for an 80% efficient pump)

The metric and imperial formulas differ from the units used for flow rate,
head, and gravitational acceleration. In the meftric formula, the gravitational
constant g = 9.81 m/s?is directly incorporated, as the flow rate is measured in

LQ LASquare - Landscape and Aquatic Architecture https://LASquare.org +27 72-655-0911


https://lasquare.org/index.php/home/thehandbook/
http://lasquare.org
https://lasquare.org/index.php/home/thehandbook/
https://api.whatsapp.com/send?phone=27
726550911

cubic meters per second (m3/s) and the head in meters (m). In contrast, the
imperial formula uses flow in gallons per minute (GPM) and head in feet (ft),
requiring a conversion factor of 3960 to account for the relationship between
these units and the work done by gravity. The multiplier 0.746 converts
horsepower to kilowatts, ensuring consistency in power output across unif
systems.

Knowledge of the required flow rate and pressure head for the water
feature is essential for using these formulas. It is normally obtained through
design calculations outlined in Chapter 7.8.1.1 — Selecting Pump Based on
Performance Curve. Once a pump is selected, the pump efficiency can
be determined, as discussed in Chapter 7.8.1.2 — Selecting Pump Based on
Pump Efficiency. Subsequently, we can calculate the required power in kW
by plugging in the value of the flow rate Q, pressure head - h, and the pump
efficiency - n intfo the appropriate formula.

For example, using metric calculations, we can determine the power
consumption required to operate a substantial 5-mefre-wide waterfall
with a water thickness of 20 mm at the weir edge and a head pressure
loss of 3 m in the circulation system. According to the calculations in
Chapter 7.5.1.1 — Critical Calculations for Waterfalls this waterfall requires a
flow rate of 2 m® per minute. For this calculation, let's assume an 80% pump
efficiency. Using the above meftric formula, the required power consumption
can be determined as follows:

First, we need to convert the known flow rate to m3®/second

2m?/min + 60 = 0.033 m?/s

Following the formula P = (Q x h x g) + n, the required power supply in kKW is:
P=(9.81 x0.033 x3) +0.8=1.21 kW

After calculating the power requirement in kW, we can estimate the
associated costs for a specified operating duration. For example, 8 hours of
operating this waterfall will consume 9.68 kW of power (8 x 1.21 kW.)

To estimate the power consumption for a similar waterfall using the imperial
system, we will use the following data: a flow rate of 500 GPM, a required
pressure head of 10 feet, and an 80% efficient pump. The calculation process
is outlined below:

Following the formula P = (0.746 x Q x h) + (3960 % n),
the required power supply in KW is:
P =(0.746 x 500 x 10) + (3960 x 0.8) = 1.17 kW
Based on the calculated power requirements, we can determine that, for

instance, operating this waterfall for 30 days at 12 hours each day would
consume 421.2 kW of power (calculated as 30 days x 12 hours/day x 1.17 kW).
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To calculate the operating cost of the pump for the waterfall, we first need
fo estimate the power consumption needed over a chosen fime frame (for
example, 8 hours or 30 days with 12 hours of operation each day). Next, we
must consider the electricity cost per kWh in the project location. Finally, we
can determine the approximate operating cost by multiplying the cost per
kWh by the total kWh consumed by the pump during the selected period.

Calculating power consumption for large water displays is critical for their future
operation, as it helps establish a proper operating budget. This information may
also inform decisions regarding limited display use if operational costs are foo
high. Some awe-inspiring water features with massive waterfalls or substantial jet
displays are not financially feasible for continuous daily operation. Instead, their
use is typically scheduled based on project requirements and the operational
budget and may be limited to special occasions or specific days and hours.

Cost savings for operating water features are offen achieved through scheduled
timers, which enable predetermined operation fimes and specific days. As
discussed in Chapter 7.8.6 — Pump Timers, this approach is a practical strategy
for reducing expenses. Owners can conserve energy and reduce costs by
strategically scheduling impressive water displays fo align with peak audience
times and minimizing operation during low-traffic periods, such as late at night or
early morning. This efficient use of timers enhances the water feature’s overall
energy efficiency and results in significant cost savings for the owner.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

Chapter 12. Key Safety Considerations for Water Features

Safety for people and the environment must be a priority in the design
and operation of all water features. This book navigates the complexities
of creating, managing, and maintaining these features, emphasizing the
importance of protecting visitors and surrounding ecosystems. Therefore,
when discussing water feature design, we highlight responsible practices that
ensure the safety and welfare of all visitors and maintenance crews while
preserving wildlife, aquatic environments, and ecological balance, all while
maintaining clarity, professionalism, and safety.

Navigating the complexrealm of water feature design necessitates a thorough
understanding of existing regulations and building codes, which differ across
regions globally. Each jurisdiction formulates its unique set of rules and safety
standards; some are more universal, while others are specific to certain areas.
Local authorities may enforce distinct regulations and requirements in various
parts of the world, requiring strict compliance during the implementation and
operation of projects. This variation highlights the importance of a nuanced
and flexible approach to ensure that water features adhere to universal safety
standards while aligning with the specific mandates of local governing bodies.
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When designing water features, itis essential to recognize that while regulations
provide a structured framework for safety, they may not encompass every
aspect affecting the well-being of the public, wildlife, or local ecosystems.
Beyond building codes and safety standards, many unregulated aspects of
water feature design—such as aesthetic choices, landscaping decisions, and
the types of aquatic flora and fauna used—can significantly impact various
stakeholders. For instance, material selections, lighting designs, and safe
access to water for small wildlife may affect visitor safety yet often fall outside
specific regulations. Potential impacts on wildlife and local ecosystems, such
as water quality, habitat alterations, or noise levels, may exceed conventional
regulatory scope. Therefore, a thorough approach to water feature design
requires consideration of numerous factors, including unregulated safety
aspects, while infegrating ethical, ecological, and community-focused
practices to create a balanced and sustainable environment.

While specific safety regulations vary between regions, local bylaws and
building codes worldwide typically address several universal aspects.
However, not all regulations apply to every water feature project, as
compliance depends on the unique characteristics of the design, including
size, depth, locatfion, and infended use. Each project may face different
regulatory requirements and considerations based on these factors, making
it essential to tailor the approach fto the specific aftributes and context of
the water feature. Below is a brief list of the most common regulations, each
accompanied by a short description:

Barriers and Fencing: Regulations regarding this issue concern installing safety
measures around water features to prevent accidental entry, particularly in
areas accessible to the public or where the risk of drowning exists.

Anti-enfrapment drainage systems: Mandate covers or grates that prevent
users from getting frapped by water intake points, ensuring public safety and
proper water flow.

Depth Markings: Requires visible markings indicating the water depth in
swimming pools or other aquatic areas, aiding individuals in assessing water
depth for their safety.

Slip-Resistant Surfaces: Ensures that surfaces around water features are slip-
resistant to reduce the risk of accidents caused by slips and falls.

Emergency Access and Egress: Establishes guidelines for emergency entry
points and egress routes, ensuring quick and efficient access in case of
emergencies.

Lighting Standards: These standards specify adequate lighting levels in and
around water features, promoting visibility and safety during nighttime hours.

Water Quality Standards: Sef criteria for maintaining water quality to protect
users from waterborne illnesses or adverse reactions.
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Elecirical Safety: This section outlines safety measures for using electrical
components in and around water features to prevent electric shock.

Sighage Requirements: In many jurisdictions, the law requires the installation
of signs that provide essential safety information, including rules, emergency
contact details, and warnings about potential hazards for publicly accessible
bodies of water.

Accessibility Standards: Ensures that water features are accessible to
individuals with disabilities, complying with established accessibility standards
for paths, ramps, and other facilities.

Life-saving Equipment: Requires the availability and proper maintenance of
life-saving equipment for emergencies.

Water Conservation Measures: This policy encourages the implementation of
water-saving technologies and practices to promote sustainable water use
and reduce environmental impact.

Noise Regulations: Establishes limits on noise levels generated by water
features to prevent disturbances to nearby residents or wildlife.

While these aspects provide a foundational safety framework, it is essential
to consult local bylaws and regulations for specific requirements in a given
region, as detailed regulations and additional considerations may vary.

The following sections of this book explore selected safety considerations
related to the design and operation of water features. This detailed
examination highlights that ensuring visitor well-being goes beyond generall
guidelines, requiring a thorough understanding of local bylaws and unique
environmental factors.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

12.3. Safe Drainage Systems

In many jurisdictions, there is a mandate requiring anti-entrapment drainage
systemsforwaterfeaturesorpools. Thisregulationstemsfromthe acknowledged
safety hazards posed by conventional pool drains, particularly regarding the
vulnerability of young children. The powerful suction generated by certain
drains can present a significant threat, potentially leading to entrapment
and, in severe cases, drowning or serious injuries. Therefore, installing a safe
drainage systemis crucial evenif the pondis not designed for visitor interaction
or the drainage safety is not strictly regulated. To mitigate these risks and
prioritize pool safety, installing and maintaining anti-entrapment drain systems
is essential. In addition fo creating a safe environment, these systems can
also prevent the circulatory system from sucking in potential debris floating
on the pond’s surface, such as a sheet of newspaper or a plastic shopping
bag. Below are three selected drainage solutfions for enhanced public safety
interacting with a water feature.
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A dual drainage system is a safety feature for swimming pools and water
features, designed to prevent the potential hazards associated with strong
suction. Operating on the principle of distributing suction force among two
or more drain fittings strategically spaced apart, typically at least 3m or 10
feet, these systems significantly enhance safety by minimizing the risk of
enfrapment. The suction force is spread out by drawing water from several
inferconnected drains, making it easier for swimmers to disengage if their hair
or clothing getfs caught near a drain. This contrasts sharply with the dangers of
single drainage systems with powerful suction. Dual drainage systems address
these risks by distributing suction and providing a reliable backup in case of
blockage, which aligns with stringent safety standards and regulations.

A dual drainage system is highly practical in ornamental water feature design.
It not only meets safety standards but also helps prevent significant debris
buildup. By distributing water infake across multiple drains, this system reduces
the risk of clogging in circulation plumbing that can occur with a single drain.

Skimmer systems draw in surface water and capture debiris, leaves, and other
contaminants before directing the water through the plumbing system. Not
only does this enhance the cleanliness of the pond, but it also eliminates the
risks of entrapment or injury that individuals might face when dealing with
fraditional drainage suction components. In some jurisdictions, skimmer
systems are mandated for swimming pools to enhance safety by preventing
potential hazards associated with direct water intake from the pool’s flow or
walls. Regulations often prohibit this direct intake to avoid risks such as
enfrapment or injury from strong suction.

Anti-entrapment drain covers play a vital
role in averting pofential hazards posed
by fthe strong suction of pool drains.
These covers incorporate specific design
featfures to effectively mitigate the risk of
entanglement and uphold pool safety
standards. Featfuring a smooth, gradually
sloped surface, anti-entrapment drain
covers deter hair, body parts, or loose
clothing entanglement, minimizing the
suction’s ability to pull swimmers toward
the drain. Moreover, including multiple smaller slofs or holes disperses the
suction force, significantly reducing the overallrisk of entrapment. These covers
remain firmly in place when securely attached fo the pool floor or drain fitting,
resisting swimmers or pool equipment dislodging. In function, anti-entrapment
drains cover distributes suction force evenly through their openings, lessening
the likelihood of trapping swimmers. Their design also hinders entanglement
by providing a smooth surface and multiple small openings. Importantly,
these covers maintain optimal water flow, ensuring proper pool filiration and
cleanliness while prioritizing the safety of those enjoying the pool environment.

TITITENT
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The drainage system of a water feature must also ensure the safety of wildlife
interacting with the feature or inhabiting the pond. Effective drainage
design is essential fo prevent hazards such as entrapment or animal injury.
The following chapter discusses detailed considerations for designing water

features that safeguard wildlife.

12.4. Safety for Wildlife and the Local Environment

Government regulations in many jurisdictions establish legal frameworks for
environmental protection, primarily focusing on issues such as water quality,
habitat conservation, pollution control, and preventing the spread of invasive
species. While compliance with these regulations often necessitates obtaining
environmental permits, conducting ongoing monitoring, or adhering to
specific plumbing system design standards, they frequently overlook crucial
finer details that can significantly impact the well-being of small animals
interacting with human-made water features.

For instance, local plumbing codes may dictate the
disposal of chemically tfreated water from swimming
pools and spas, ensuring that such water does not
contaminate natural ecosystems. However, these
regulations typically do not explicitly address crucial
aspects of wildlife safety, such as preventing small
animals from being trapped and drowning in steep- §
sided ponds or ensuring that wildlife living in the pond,
whether intenfionally or not, lives in safe conditfions.
While these details may seem minor, they are essential
forfostering coexistence betweenhumanenvironments
and the natural world.

This chapter highlights often-overlooked design choices and practical, small-scale
interventions that significantly enhance wildlife safety. By incorporating thoughtful
features that cater to animals’ needs; designers can create water features that
are both attractive and functional while being ecologically responsible, ensuring
they provide a safe and sustainable environment for all visitors.

" Safe access to water
Ponds, fountains, and other decorative water
=2 elements frequently act as vital resources for
5 wildlife, offering drinking water, bathing areas, and
% cooling spots. Birds, amphibians, insects, and small
| mammals depend onthese features forsurvival, yet
' their needs and safety are often neglected in the
. design process. Simple design modifications, such
as incorporating shallow edges, escape routes, or
A perching spots, can significantly reduce the risks of
entrapment and drowning while enhancing water
accessibility for various species.

Q LASquare - Landscape and Aquatic Architecture https://LASquare.org +27 72-655-0911


https://lasquare.org/index.php/home/thehandbook/
http://lasquare.org
https://lasquare.org/index.php/home/thehandbook/
https://api.whatsapp.com/send?phone=27
726550911

Safe water quality

In most urban water features, the design of the circulation system typically
prioritizes the pond’s visual appeal alongside public safety. If chemical
freatment is necessary for a water feature, it is crucial to maintain chemicall
levels within an optimal and confrolled range, which demands frequent
testing and well-managed water freatment. Considering the influence of
environmental conditions such as weather and seasonal variations, this
freatment can be carefully adjusted for future maintenance over a complete
seasonal cycle. However, if the chemical freatment is not properly maintained
and kept at excessive concentration, although water may appear visually
clean, it can be harmful fo animals that drink from it or reside in the pond. Poor
water quality can lead to health issues and even fatal conditions for aquatic
life. Thus, balancing aesthetic appeal and potential environmental health
risks is crucial.

If the pond is intended to
- creafe ahabitat for aquatic
flora and fauna, using
chlorine or similar harsh
chemicals is impractical,
as these substances can
. harm all organisms living in
the water. Even if the pond
- is not infended for plants
- and fish but is located in an
area frequented by wildlife
for daily activities (such as
= : E drinking and bathing), the

water quoh’ry ’rreo’rmen’r strategy must consider alternative solutions. Instead
of harsh chemicals, options like UV sterilizers, ozone tfreatment, or bio-filiration
should be prioritized, as discussed in Chapter 9.2 — Managing Water Quality.

Safety of aquatic habitat from predators

Ensuring the safety of fish, amphibians, and other aquatic creatures in a water
feature is a complex issue, partficularly with regard fo potfential predators.
Designers and caretakers should consider implementing protective strategies,
such as creating hiding spofs in the pond and employing safety measures
that shield aquatic animals from external dangers. For example, incorporating
landscape elements within water features, such as adequate space beneath
slightly raised portable planters, is essential for ensuring the safety of fish. Floating
vegetation also provides natural cover for aquatic creatures, allowing them
to escape or hide from predators. If animals such as birds, raccoons, or others
are aftfracted to the pond'’s fish, restricting their access to the water may be
necessary. This fopic is further explored in detail in Chapter 15 — Fish in Pond,
which focuses on maintaining optimal conditions for fish and amphibians.
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Safety of aquatic animals from harm by pond’s circulation system.

Protecting aquatic animals’ safety from externalrisks is as crucial as protecting
them from potential dangers within the pond created by the water circulation
system. This system must provide a secure environment for these animals. A
vital aspect of the circulation system’s design is the water infake from the
pond, which necessitates an efficient screening mechanism. This mechanism
is essential in preventing small animals from being accidentally drawn into the
plumbing system. To achieve this, installing a small mesh screen or a gravel
bed at the water intake proves highly effective. Such measures help keep
younger or smaller aquatic animals away from the intake and significantly
lower the risk of injury or harm, thereby safeguarding their well-being.

Safe vegetation choices for the pond area

Selecting the right vegetation for ponds surrounded by extensive greenery is
essential, as this choice impacts the pond’s functionality. The types of plants
around and within a pond significantly influence wildlife safety by affecting
habitat quality, water conditions, and accessibility. Native aquatic and
riparian plants are crucial, providing shelter for amphibians, fish, and insects,
which helps protect them from predators and offers safe nestfing sites.

Strategically placing vegetation like sedges and rushes along gently sloping
banks allows small animals to enter and exit the water safely, minimizing the
risks of enfrapment or drowning. Additionally, floating plants such as water
lilies provide shaded refuges that help regulate temperature and alleviate
stress on aquatic life.

Incorporating pollinator-friendly plants supports beneficialinsects, while species
like cafttails and bulrushes naturally filter water by absorbing excess nutrients.
Avoiding invasive or toxic plants is vital, as they can disrupt ecosystems and
present risks to wildlife.

Fruiting shrubs and seed-producing plants provide essential food sources for
birds and small mammals, while reeds and grasses act as nesting materials.
Planting large shaded frees is also important as it limits sunlight penetration,
ultimately affecting the pond’s overall health. However, it is essential to
remember that seasonal leaf drops from the trees can negatively contribute
to the overaccumulation of organic matter in the pond, leading to further
complications. Therefore, it is crucial to select free species that do not shed
many leaves and collect them before they sink to the pond floor.

In essence, the principles of wildlife safety extend beyond considerations of
the physical water feature itself, encompassing the broader ecological
dynamics and interactions between resident species and those who visit
these aquatic environments.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.
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13.1. Luminous Flux, Lumens, Luminous Level, Lux, and Foot-candles

Understanding the measurement of light intensity is crucial in lighting design,
influencing how we experience and interact with our surroundings. The critical
part is fo know the difference between luminous flux, lumens, luminous level,
lux, and foot-candles, which are common terminology in lighting design.

Luminous flux, measured in lumens, represents the total amount of visible light
emitted by alight source. Lumens offers a standardized method for evaluating
and comparing the brightness of various light sources in metric and imperial
systems. In contrast, luminous level, measured in lux (metric) and foot-candles
(imperial), focuses on the brightness at a specific location or surface.

In simpler terms, luminous flux measured in lumens quantifies the brightness of
the light source itself, while luminous level measured in lux and foot-candles
measures how bright a surface is where the light lands.

Light bulb packaging usually provides information about the bulb’s light
output in lumens. The international standardization of lumens allows for
straightforward brightness comparisons among different bulbs, no matter
where they are manufactured. However, it's important to recognize that the
luminous level, also known as illuminance, is influenced by more than just the
brightness of the light source (luminous flux). It also depends on factors such
as the distribution pattern of the light beam and the distance from the light
source to the illuminated surface. The beam widens as light rays spread out
rather than fravel in straight parallel lines. This widening reduces the
concentration of light per unit areq, leading to a lower luminous level.

Light Distribution:

Light distribution is crucial in
determining the brightness
at different points  within
an illuminated space.
Several factors affect light
distribution, including the
type of light source (such as
focused beams versus diffuse
light), the design of the fixture
(which may include reflectors
and diffusers), and any
obstacles that might block or
scatter the light. For instance,
floodlights offer broad light
distribution, which results in a more even brightness over a larger area but
typically produces a lower intensity. In contrast, spotlights concentrate light in
a smaller areaq, delivering higher intensity.
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Distance from the Light Source:

As the distance from the light source increases, the same amount of light is
distributed over a larger areq, even if the light fixture lens focuses the beam.
This reduction in light intensity follows the inverse square law, which can be
expressed by the formula:

Luminous Level = Luminous Flux = 4mrd?

Here, ‘d’ represents the distance between the light source and the lit surface.
Forlux, ‘d’ is in metres; for foot-candles, ‘d’ is in feet. For example, in a clean-air
environment, when a light source emits light uniformly in all directions, doubling
the distance from the source reduces the luminous level to one-fourth of its
original value. While the spread angle of light beams affects distribution across
an areaq, the principle of light diminishing with distance, as described by the
formula above, remains consistent.

However, light penetration is further reduced in furbid environments,
such as dusty air or water with suspended particles. As a result, the inverse
square law alone is insufficient for accurate calculations in such conditions,
necessitating more complex models to account for these additional factors.
Nevertheless, in practical tferms, precise calculatfions of light intensity related
to distance in water are often less critical due to fluctuating pollutant density.
Instead, light penetration through water and its brightness at the destination
surface is typically estimated based on general observations, discussed in
Chapter 13.2 — Unigue Characteristics of Underwater Light Distribution.

Measuring Luminous Level

As the distance from the light source increases, the luminous flux (brightness)
disperses, leading to lower light intensity at the destfination surface. To
accurately measure light intensity at the point of impact, distinct systems are
used for metric measurements and imperial units.

The metric system'’s primary unit for expressing luminous level is the lux (Ix).
One luxis the illuminance produced on a one-square-metre surface by a light
source situated one metfre away, emitting one lumen uniformly. The same
expressed numerically is as follows:

1lux =1Ilumen + 1 square metre (af a distance of one metre from the light source).

The foot-candle (fc) serves a similar purpose in the imperial system. One fooft-
candle is defined as the illuminance produced on a one-square-foot surface
by a light source situated one foot away, emitting one lumen uniformly. The
same expressed numerically is as follows:

1fc =1lumen + 1 square foot (at a distance of one foot from the light source).
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Measuring light intensity in lux or foot-
candles at specific locations can
be challenging, especially when
using complex calculation system:s.
Light designers often depend on
detailed data from light fixture
manufacturers to ease this process.
High-quality lighting products usually
come with graphs and charts that
provide insights into light distribution and luminous levels, enabling designers
to understand how the light will perform under different conditions.

COSINE BATWING

For practical communication of light infensity concepts, it is generally
accepted that 1 foot-candle is roughly equal to 10 lux, and 1 lux is about 0.1
foot-candles. This approximation closely follows the actual conversion factors:
1 lux equals 0.0929 foot-candles, while 1 foot-candle equals 10.764 lux.

In lighting design, grasping optimal light intensity is essential for meeting the
specific needs of different applications. For example, a productive office
environment typically requires luminance levels between 500-1000 lux (or 50-100
foot-candles), whereas outdoor pathways may only need 20-50 lux (or 2-5 foot-
candles). The table below outlines general lighting requirements for various water
feature designs. Taking these optimal light intensity requirements into account
and any potential light infensity loss due to previously mentioned issues helps
create a lighting system that balances visibility and comfort in diverse settings.

Recommended luminance
Landscape Element level
(lux) (fc)
Paths and walkways +50- 100 +5-10
Seating areas + 100 - 200 +10-20
Plants and vegetation +50-100 +5-10
Waterfalls and fountains + 100 - 200 +10-20
Ponds and pools + 100 - 200 +10-20
Sculptures and architectural features | £ 100 - 200 +10-20
Ambient lighting +50-100 +5-10

Itis crucial to recognize that these values act as general recommendations for
luminance levels; however, specific requirements may differ based on factors
such as the size of the water feature, the function of the lighting, the desired
effects, and the character of the surrounding landscape. In some jurisdictions,
luminance levels may be regulated for particular locations; therefore, it is
important fo consult local codes when designing lighting for public spaces.
Working with an experienced lighting designer to adjust luminance levels

precisely to the project’s unique needs is always advisable.
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The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

13.4.1. IP-Rating for Light Fixtures

The IP (Ingress Protection) rating is crucial for evaluating the suitability of lighting
fixtures in water features, as it indicates the degree of protection against water
ingress. IP rafings are expressed with two digits: the first digit denotes protection
against solids (like dust), and the second digit signifies protection against liquids.
Below is a table outlining common IP ratings and their relevance to water
exposure:

Suitable Applications
in Water Features

Can withstand water splashes

Rating Protection Against Liquids

Protection against water spray

IP64 . . but is not protected against
from any direction . . .
water jets or immersion
Suitable for splash zones or
Protection against water jets areas with direct water contact
IP65 ) . X .
from any direction but is not protected against
immersion

Suitable for areas exposed
to high-pressure water jets
but is not protected against
immersion

Protection against powerful
IP66 | water jets and occasional
waves

Suitable for areas exposed to

Protection against temporary AT PRESIUTS WIEHER (1S Ene

IP67 immersion short-term immersion in water
1 up fo Tm (3 ft) for up to 30
minutes.
. . a Suitable for continuous
Protection against continuous | . N
IP68 immersion in water under

immersion. »
defined conditions.

Fixtures with an IP ratfing of 64 to 65 are suitable for various levels of water
splashing but should not be submerged in water. While an IPé6-rated device
may tolerate occasional splashes or light wave activity, prolonged exposure
fo sfrong waves could compromise the device, potentially leading to damage
or electric shock risks. IP67 fixtures can handle temporary immersion and are
appropriate for periodic shallow submersion. IPé68-rated fixtures are designed
for confinuous immersion in water deeper than 1 metre (approximately 3
feet), making them ideal for shallow ponds and water features. However, it's
important to note that an IP48 rating does not ensure safe operation in very
deep water,
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Generally, IP68 supportsimmersion depths up to about 2 metres (approximately
6 feet). Standard IP48 fixtures may not offer adequate protection for ponds
exceeding this depth. In such instances, it is advisable to consult specialized
suppliers who can provide fixtures specifically engineered for deep submersion.
These fixtures are designed to withstand increased pressure and the potential
for water ingress at greater depths.

Regardless of the IP rating, it is crucial to carefully review the manufacturer’s
specifications and recommendations before selecting a light fixture. This
ensures that the fixture meets the specific requirements of the water feature,
ensuring both safety and reliability.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

13.6. Desired and Undesired Lighting Effects

The primary goal of lighting design for water
features is to create a comfortable and safe
environment. The lighting patterns should be
carefully crafted to deliver specific visual
effects on chosen features, ensuring they
become focal points while maintaining
sufficient brightness in other areas forintended
activities. A critical consideration is avoiding
glare from light sources directly into visitors’
eyes, which canlead to temporary discomfort.

Infegrating water elements into lighting design presents a distinct opportunity
to craft dynamic lighting patterns that animate the site with non-static effects.
Strategically positioning light sources with a keen awareness of how moving
wafter inferacts with light can yield spectacular water and light displays.

The reflected light is distinctive, offering a
canvas for unique attributes such as colour,
shape, and movement. The reflective
surface of water, especially when applied
at specific angles, presents unparalleled
opportunities for crafting dynamic lighting
displays. By capitalizihg on the reflective |
nature of water, designers can experiment
with the inferplay of light and liquid,
generatfing captivating visual effects that
are both fluid and mesmerizing. The colour
palette can fluctuate, light patterns may
dance across the surface, and the fluidity
of the display may become an integral part
of the lighting experience.
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The graceful movement of a clear
stream of water, propelled from a jet
or flowing through a narrow channel,
can emulate the principles of fibre
opfic lines, creating a captivating
visual spectacle. When a beam of
light is directed through the water
stream, it reflects from the inner side
of the water's surface, effectively
confining most of the light within the stream. This phenomenon is akin fo the
guiding of light through fibre optic cables. When coupled with a sufficiently
powerful light source, a stream of moderate length can result in a dynamic and
spectacular light display. This fechnique finds applications in high-end projects
where water features are designed to infertwine lighting and the vigorous
movement of water, yielding visually stunning effects that enhance the overall
ambience.

Leveraging the effects of
refraction and reflection
in lighting design,
discussed in  Chapter
13.2.1 — Light Reflection
and Refraction, can be
a powerful and creative
way to illuminate desired
locations within a water
feature. By strategically
_ placing light sources
'® and considering  the
L& angles of refraction and
reflection, designers
can achieve stunning
and targeted lighting
effects. This, however,
demands a certain level
of experimentation and
mastery. Developing
the skills to harness these
opfical phenomena

R s lin effectively may take
fime, and hands-on experience is invaluable. Lighting designers must
understand how light interacts with a body of water and how to control these
effects fo achieve the desired visual impact. With practice and a deepening
understanding of the interplay between light and water, designers can create
unigue and enchanting lighting displays that elevate the aesthetics of water
features.

LA
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The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

Chapter 14. Integration of Artwork into Water Features

With its dynamic and transformative nature, water can enhance and
complement artworks in ways that static environments cannot achieve. This
interplay between art and water has led to numerous successful installations
worldwide, where effective collaboration between artists and water feature
designers has resulted in breathtaking displays. These installations transcend
traditional art forms, furning water info a dynamic canvas. Some of the most
impressive installations in public spaces synchronize water jets with light and
sound, while others invite visitor interaction, creating mesmerizing and often
playful spectacles.

e { y N R L M ey et ot —— m—- % 4 G

One notable example of exceptional collaboration between an artist and a
water feature designer is nestled between the iconic Centre Pompidou and
the historic Church of Saint-Merri in the heart of Paris; the Stravinsky Fountain
stands as a whimsical and vibrant oasis, showcasing the collaborative
brilliance of artists Jean Tinguely and Niki de Saint Phalle. Unveiled in 1983,
this captivating work of art pays homage to the groundbreaking musicall
compositions of Igor Stravinsky. The fountain’s shallow basin hosts sixteen
kinefic sculptures, each representing a facet of Stravinsky's innovative music.
Crafted from vibrant polymers and dynamic steel structures, these colourful
figures dance and spray water in a rhnythmic symphony, capturing the energy
and creativity of Stravinsky's compositions. Each sculpture encapsulates a
unique aspect of the composer’'s musical tapestry, from trumpet-shaped
creatures to towering bird-like structures. The Stravinsky Fountain serves as a
playful yet profound tribute to Stravinsky's revolutionary spirit, offering visitors
a captivating spectacle where water and art converge in a living, breathing
ode to the power of music.
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Other examples include the
Crown Fountain in Millennium
Park, Chicago, designed
by artist Jaume Plensa in
collaboration with  Krueck
and Sexton Architects. This
monumental work features
two towers displaying ever-
changing video portraits of
residents. The faces seem to
interact with viewers, and
water cascades down the
towers, creating a playful
and engaging environment.

Infegrating artwork info a
wafter feature is a creative
process that demands close
collaboration between the
arfist and the designer. This
collaboration should begin in
the early stages of the project
fo achieve a harmonious §
blend of artistic elements with
the dynamic nature of water.
Water features operate under
the constraints of physical
laws that cannot be altered.
Therefore, when water
becomes part of an artistic
expression, the artist must
have a solid understanding
of relevant fluid engineering
principles and the various
fechnical constraints  that
may affect their work.

Simultaneously, the water feature designer needs insight info the artist’s vision
to provide solutions that support this vision and ensure the overall success of
the installation. Effective communicatfion between the artist and designer
is essential fo prevent complications that could impact the installation’s
aesthetics, operational costs, public safety, environmental concerns, and the
integrity of the artwork.

Infegrating artwork into a water feature involves thorough coordination of
several critical elements to ensure functional and successful outcomes. The
following list outlines some of the most important considerations.
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Close Collaboration:

The success of integrafing artwork info a water feature relies on close
collaboration between the artist and the water feature designer. Creating a
productive conversation between both parties requires clear communication
and an understanding of specific artistic needs as well as potential constraints
influenced by fluid mechanics. Both parties must have a good understanding
of each other’'s work to ensure the shared vision for the design is effectively
communicated and executed.

Mounting and/or incorporating the artwork structure into the body of the water
feature:

Ensuring the successful integration of artwork into a water feature begins
with carefully considering incorporating the artwork’s structural elements
info the body of the water feature. The artwork’s weight, balance, and
structural integrity must align seamlessly with the water feature’s structural
and functional design.

Water-Art Relationship:

The dynamic interaction between flowing water and artwork is a key element
of coordinated design. Decisions about whether and how water flows over,
under, or through the artwork are crucial for achieving the desired visual
effect. This infegration aims to enhance the installation’s aesthetic appeal
while maintaining the water feature’s structural stability and functionality and
preserving the artwork’s artistic integrity.

Integration of Lighting:

Effective integration of lighting elements is crucial for highlighting both the
artwork and the water features. Precise selection and placement of lighting
are essential to achieve the desired visual effects, as the interplay between
light, artwork, and water creates dynamic displays. The lighting design should
enhance the overall ambience, making the artwork stand out and adding
depth and interest to the water feature.

Size and Shapes of Components:

Achieving harmony between the size and shape of the artwork and the
water elements involves aligning the specific needs of both components. This
careful consideration ensures that their proportions complement each other,
creating a cohesive and visually pleasing interaction between the artwork
and the dynamics of water within the installation.

Resistance to Corrosion:

Choosing materials that resist corrosion and other forms of degradation due
to constant water exposure is vital for the longevity of the artwork. This requires
a thoughtful selection of materials that not only withstand the effects of water
but also preserve the artistic integrity of the installation over time, ensuring it
remains visually appealing.

For a complete e-book or printed edition of the handbook go to LASquare.org website |"
B


https://lasquare.org/index.php/home/thehandbook/
https://lasquare.org/index.php/home/thehandbook/

Resistance to Flowing Water Force:

Designing artwork to withstand the force exerted by flowing water is crucial for
durability. Water's continuous influence necessitates robust construction that
can endure the natural elements, maintaining the structural and aesthetic
integrity of the artwork within the water feature.

Symbiotic Relationship:

The ultimate goal is to achieve a symbiofic relationship where the artwork and
the water feature complement each other. This requires careful planning and
execution to create a visually engaging and enduring installation. The successful
integration of these elements enhances the overall aesthetic appeal, resulting
in a well-coordinated design that showcases both components in a harmonious
display.

Developing a unique design that integrates artwork with the dynamics of
water requires fime and often involves experimentation, as water dynamics
can greatly influence the visual impact of the artwork. This creative process
includes exploring various possibilities, refining ideas, and addressing practical
considerations. Adequate time allows for testing and adjusting the display to
achieve optimal aesthetics and functionality. It also provides an opportunity
to froubleshoot and address any unexpected challenges during the
implementation phase.

For the artist intending to use this guidebook to gain insights on successfully
incorporating water info their creative work, Chapter 5 — Technical
Considerations presents several key topics that need to be considered
during the conceptual stage of the design process. As attention moves to
the detailed design of mechanical components involving water flow, the
second part of this guidebook provides essential information crucial for the
mechanical design of the installation. Special consideration should be given
to the following chapters:

e Chapter 7.1 — Optimal Placement of Mechanical Systems
Strategies for positioning mechanical components for efficiency and
effectiveness.

e Chapter 7.2 — Water Rotations in Water Features
Discuss the critical issues of a water feature’s minimum water circulation
requirements.

e Chapter 7.3 — Selecting Pipes and Fittings for Water Feature
Selection of pipes and fittings to ensure proper water flow.

* Chapter 7.6 — Designing Plumbing Circuits
Principles for creating effective plumbing layouts in water features.

e Chapter7.7.1 — Water Velocity
Understanding and controlling the speed of water flow.
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e Chapter 7.7.2 - Water Pressure
Managing pressure levels to optimize water flow and feature
performance.

e Chapter 7.10 - The Natural Flow of Water
Provides insights info gravity-driven water flow

e Chapter 7.13 — Drainage
Covers effective water drainage and circulatfion techniques.

e Chapter 8.1 — Factors Contributing to Water Loss in Water Features
Identifying and mitigating causes of water loss.

e Chapter 9.2 - Managing Water Quality
Techniques for maintaining clean and safe water in features.

e Chapter 12 — Key Safety Considerations in Water Feature Design
Essential safety measures for safe and compliant installations.

» Chapter 13 — Lighting Design for Water Features
Approaches for integrating lighting to enhance visual appeal.

e Chapter 17 — Maintenance Aspects of Water Features
Best practices for the upkeep of water features.

Understanding and applying these ¥
concepfs will greatly enhance the FEESRa=EL L

. . . -‘“r.-;_"‘--—._
integration of water elements info an - ' - =

artistic installation. However, discussing
the artistic vision with an experienced
water feature designer is highly
recommended. This collaboration
provides valuable feedback and
guidance, helping to align the artistic
vision with the practical limitations
imposed by the physical laws
governing water features. Working with
a knowledgeable designer ensures
that the creative concept is effectively
integrated with the constraints of water ~

flow and mechanics, leading to a /'

successful and harmonious installation.

In essence, the fusion of art and water elements opens up possibilities
for creating immersive and memorable experiences. Whether through
kinetic sculptures, interactive installations, or dynamic water displays, the
collaboration between artists and water feature designers confinues to
push the boundaries of creativity, fransforming public spaces and private
environments info engaging works of art.
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The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

Chapter 15. Fish in Pond

This topic explores a vast and s, s
complex information field that E g

could easily fill an entire book v
;

rather than just a single chapter. | g
While this section does not aim
to provide a comprehensive g
guide on various fish species or §
developing an aquatic breeding
system, it focuses on specific issues
related to designing water features
suitable for intfroducing fish intfo a #
pond. Consequently, this chapter addresses key considerations such as pond
shape, including size and depth, managing fish loss through thoughtful design,
and ensuring water quality, emphasizing maintaining ecological balance.

Committing fo having fish in a pond is a long-tferm endeavour that requires
careful consideration. Like any pet ownership, fish have unique needs that
involve ongoing financial and time commitments. Maintaining a pond with
fish demands continuous atftention to several critical factors. Ensuring their
health involves regularly monitoring water quality and temperature and
prompt action at the first sign of iliness. Protecting fish from potential threats
is also crucial, including providing safe hiding spotfs and some deterrents
from natural predators. Additionally, managing potential increases in fish
population is essential to prevent overpopulation, which can disrupt the
pond’s ecosystem. Therefore, designing an appropriate pond and preparing
for the long-term responsibilities of fish care is vital for creating a thriving and
balanced aquatic environment.

A fish pond, while an aftractive addition to any landscape, poses challenges
in controlling algae growth without using standard chemicals like chlorine or
bromine, which can harm fish. The increased volume of feces produced by fish
serves as a source of nutrients that can fuel the rapid proliferation of algae. This
creates adelicate balance, as excessive algae growth canlead toimbalances
in the pond ecosystem. To address this issue without compromising the fish
population, alternative methods for algae control should be considered.
These methods include infroducing aquatic plants that compete with algae
for nutrients, strategically placing shade-providing structures to limit sunlight
penetration, employing barley straw or extracts as a natural algaecide, and
using beneficial bacteria that consume excess nutrients. Furthermore, carefully
managing fish-feeding practices and installing appropriate filiration and
aeration systems can help regulate nutrient levels in the water, confributing to
a more balanced and algae-resistant pond environment.
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Creating awater feature suitable forintfroducing fish info a pond can attract other
wildlife. This mini-ecosystem attracts aquatic life, providing refuge for frogs, water
insects, and other creatures. While this biodiversity can enhance the vibrancy of
the ecosystem, it is important fo recognize that not all wildlife may be desirable.

The requirement for very low or non-chlorinated water in a fish habitat
creates an ideal environment for mosquitoes to thrive. Various fish species,
particularly during their juvenile growth periods, are significant predators of
mosquito larvae. However, although fish may continually graze on mosquito
larvae, disrupting their life cycle and preventing them from reaching
adulthood, their ability to keep the mosquito population in check may be
limited. Additionally, tadpoles occasionally consume mosquito larvae, but
their primary diet consists of small, suspended plant-related particles. Despite
the efforts of fish and tadpoles, the mosquito population may exceed the
capacity of these predators, leading to an increased presence of mosquitoes
in the surroundings. Therefore, although fish contribute to mosquito control,
infroducing a fish pond in a home environment may not eliminate the risk of
inviting the mosquito population into one’s backyard and home.

The presence of fish can attract undesired elements, including potential
predators such as mammals and birds that may actively hunt for the fish.
Controlling these unwelcome inhabitants can prove challenging, as it requires
a delicate balance to foster a thriving aquatic environment while mitigating
the impact of potentially disruptive species. Striking this equilibrium involves
thoughtful pond design, ongoing monitoring, and potentially implementing
stfrategies to manage specific wildlife populations while maintaining the
overall health of the pond ecosystem.

15.1.1. Selected Considerations for Intfroducing Fish into the Pond

Designing a water feature that considers introducing fish info the pond
involves proactively addressing several critical fopics to ensure that the
created environment provides a safe and healthy home for fish. Below is a list
of selected considerations related to the fish pond design:

Pond Size and Depth: Ensuring the pond is appropriately sized and deep
enough to accommodate specific fish species involves understanding their
space and depth requirements. Since different fish may have varying needs
to thrive, designing the water feature to align the pond dimensions with
the specific requirements of the chosen species is essential for creating a
successful aquatic habitat.

For instance, the ideal water depth for koi fish is generally between 1.2 to
1.5 meftres (approximately 4 to 5 feet), which provides a stable environment
that supports their health and well-being. This depth helps regulate water
temperature, offering cooler conditions in the summer while retaining
warmth during colder periods, which is crucial for reducing stress on the
fish. In moderate climates where freezing isn't a concern, a depth of 0.8
meftres (around 2.5 feet) can be acceptable with careful water quality and
temperature management.
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However, shallower ponds, such as 0.5 metres (approximately 1.5 feet), are
generally not advisable. Shallow ponds experience rapid temperature fluctuations,
increasing the risk of overheating and causing stress to the koi. They also provide
limited protection against predators and have reduced water volume, which
can lead to poor water quality and lower oxygen levels. While koi can survive in
shallower ponds with enhanced maintenance and protective measures, deeper
ponds are preferable to ensure a more stable and secure habitat for the fish.

Water Quality: Maintaining optimal water quality typically involves
implementing effective filtration and aeratfion systems. Additionally, the
design must incorporate appropriate water freatment methods to address
potential chemical imbalances and ensure a stable and healthy environment
for the fish. Regular testing of key water parameters, including pH, ammonia,
nitrite, and nitrate levels, is also essential.

Circulation and Aeration: Installing aeration systems like waterfalls, jets, or
underwater aerators promotes adequate oxygen levels in the water, which is
vital for the health of the fish. Additionally, ensuring proper water circulation
prevents stagnant areas, aiding in overall water quality and reducing the
buildup of debris and pollutants.

Shade and Shelter: Strategically incorporatfing aquatic plants and structures
typically provides sufficient shade for the fish. Features like rocks, caves, and
aqguatic plants in elevated planters are crucial for safeguarding them from
predators. These components create hiding spots and a sense of security,
alleviating stress and encouraging natural behaviours.

Safety Measures: Incorporating safety features to shield the fish from potential
predators and arranging the pond layout to reduce the risk of fish escaping
guarantees their safety and well-being.

Substrate Selection: The right substrate, the material covering the bottom of a
fish pond that affects the overall habitat and fish well-being, should be based
on the preferences of the fish species. Choices like sand, gravel, or rocks
should support a healthy and suitable environment.

Plant Selection: Choosing a variety of aquatic plants enhances the pond
ecosystem. Providing submerged, floating, and emergent plants offers
habitat, oxygenates the water, creates shelter for fish, and conftributes to the
overall health and balance of the aquatic environment.

Fish Species Compatibility: It is essential to research and carefully select
compatible fish species based on size, behaviour, and water requirements.
Infroducinginvasive fish species can disrupt the ecosystem’s delicate balance,
harm native species, and may also be regulated by local bylaws.

Feeding and Nutrition: Ensuring that fish receive a balanced and suitable
diet tailored to their feeding habits and preferences is essential for fulfilling
their nutritional needs and promoting optimal health.

Temperature Control: Selecting fish species adapted to the local climate and using
water heating or cooling systems helps maintain stable and optimal temperatures,
reducing stress and health problems caused by temperature fluctuations.
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Maintenance Plan: Establishing a regular maintenance plan that includes
cleaning, water testing, and equipment inspections helps tackle issues
promptly and prevent potential problems that could adversely affect the
fish's health.

Legal and Environmental Compliance: Learning localregulationsregarding fish
in ponds and ensuring adherence to environmental conservation guidelines
reduces the impact on the local ecosystem and supports a responsible and
sustainable aquatic environment.

Education and Monitoring: Learning about the specific needs and behaviours
of the fish species in the pond and routinely checking the fish for changes in
behaviour, appearance, or health enables quick resolution of issues and
promotes the overall well-being of the aquatic community.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

Chapter 16. Introducing Plant Material into Water Features

When discussing the complexities of designing water features, we must also
explore the integration of plant material within aquatic environments. This book
is not intended to provide a comprehensive catalogue of recommended
plant species or oufline the unique characteristics of selected flora. Instead,
it addresses the tfechnical challenges of designing a pond that successfully
incorporates plant material into the intricate dynamics of aquatic systemes.

Integrating plants into a water feature g
and transforming these landscapes 3§
into vibrant, thriving ecosystems offers §
numerous benefits. Forexample, plants’
visual interest and seasonal changes §\
enhance the overall beauty of water
features. Beyond their aesthetic *
appeal, aquatic plants improve water &*
quality through biological filtration,
effectively removing excess nutrients
and pollutants from the water. By
providing natural shade, they help
regulate water temperature and
create habitats for aquatic life, thus £
promoting biodiversity. Additionally,
stabilizing soil through plant roots
prevents erosion in natural ponds,
ensuring the structural integrity of the
water feature.
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However, similar to infroducing fish intfo a pond, integrating flora significantly
impacts the technical and functional design of the enfire system. For instance,
using chemicals such as chlorine to maintain water quality and for various
maintenance activities in the pond area must be carefully considered, as
such chemicals can harm vegetation. Plants require fresh water to support
their biological processes and need an environment that includes suitable
root space, sunlight for photosynthesis, essential nutrients for growth, and a
well-coordinated water flow and depth that aligns with the natural habitat of
the chosen species.

Considering that many plants have specific needs, it is highly recommended
to collaborate with local growers and plant suppliers. This will help ensure
reliable information about water and water-edge plants suitable for the locall
microclimate and readily available in the project area. It is also important
to gain insights info their natural habitats and the conditions necessary for
healthy growth.

16.1. Aquatic and Water-tolerant Plant Classification

Plants that do well in a wet environment are generally divided into two
categories: water plants and water-tolerant plants. There is a subtle difference
between these two groups of plants, and understanding this difference is
critical during the design process when determining planted areas in and
around a water feature.

Water plants, often called aquatic plants, have evolved to thrive in aquatic
environments, ranging from ponds and lakes to rivers and wetlands. These
plants are uniquely adapted to live partially or fully submerged in water. Their
root systems are usually designed to anchor in underwater substrates, providing
stability for their growth. If these plants are installed in a natural pond without
contained planters, they can help stabilize the soil and prevent erosion.

Aquatic plants, such as water lilies, lotus, and various
species of submerged aquatic vegetation, have
evolved a remarkable array of adaptations for their
4 watery environments. Their leaves often feature a
®8 waxy cuticle that minimizes water absorption and
| prevents them from becoming waterlogged. This is
particularly crucial for floating leaves, like those of
water lilies, which allows them fto remain buoyant.
& In addition to repelling water, these plants have
& developed efficient mechanisms for nutrient uptake,
absorbing essential elements directly from the
surrounding water through their leaves and roofs.
d Water plants face the challenge of accessing air
2 when partially submerged. To tackle this, they often
| possess thin, finely dissected leaves that increase their
b surface area for gas exchange.

Q LASquare - Landscape and Aquatic Architecture https://LASquare.org +27 72-655-0911


https://lasquare.org/index.php/home/thehandbook/
http://lasquare.org
https://lasquare.org/index.php/home/thehandbook/
https://api.whatsapp.com/send?phone=27
726550911

Some species even have specialized air spaces within their stems and leaves,
creating a network that transports air fo submerged tissues. These internal air
channels, known as aerenchyma, facilitate gas exchange and confribute to
buoyancy. Furthermore, the roofs of aquatic plants typically play a minimal
role in nutrient absorption, primarily anchoring the plant to the substrate. In
some free-floating aquatic plants, roots may be absent, relying solely on their
leaves for nutrient uptake.

Water-tolerant plants also known as emergent or riparian plants, thrive in areas
with fluctuating water levels, such as pond edges, riverbanks, and rain
gardens. They are adapted to withstand periodic water exposure without
constant immersion, bridging the gap between terrestrial and aquatic
ecosystems. These plants often possess specialized root systems that access
wafter in saturated soils and provide crucial soil stability, preventing erosion
along shorelines and riverbanks. Their extensive, fibrous roofs also filter
sediments and pollutants from runoff, contributing to cleaner water and
healthier aquatic habitats. Examples include grasses, sedges, and flowering
plants like irises and rushes. While their roots are typically anchored in saoil, their
stems and leaves often extend above the water’s surface, allowing access to
atmospheric carbon dioxide for photosynthesis. This positioning distinguishes
them from fully submerged plants. Furthermore, their sturdy yet flexible stems
enable them to withstand the force of waves and currents. Some species,
such as cafttails and reeds, have hollow stems that facilitate oxygen transport
to their submerged roots, especially in oxygen-depleted, waterlogged soils.
These plants play a vital role in the health of these fransitional zones, adding
aesthetic appeal while providing food and shelter for wildlife, contributing to
nutrient cycling, and helping regulate water temperature.

Water plants and water-tolerant plants share commonalities in theiradaptation
to water environments. Both play roles in stabilizing soil, contributing to erosion
prevention, and enhancing the aesthetic appeal of water features. However,
the key distinction lies in their level of water dependence. Water plants thrive in
fully submerged conditions, actively contributing to the agquatic ecosystem'’s
health. In contrast, water-tolerant plants adapt to intermittently wet conditions
without requiring constant immersion. While both groups contribute to the
ecological balance, understanding their specific requirements is essential for
designing and maintaining diverse and resilient aquatic landscapes.
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When choosing plants for a water feature, it is crucial to understand the
specific water requirements of each selected species clearly. Each plant has
distinct needs regarding water depth and optimal duration of submersion. It is
crucial to consider these factors to ensure the health and vitality of the plants
within the aquatic environment. Equally important is the strategic placement
of these plants in and around the water feature. Careful consideration should
be given to mimic the natural habitat of each selected species, accounting
for factors such as sunlight exposure, soil preferences, and water flow
dynamics. By thoughtfully situating the plants in positions that mirror their
native environments, designers can promote the well-being of the vegetation
and enhance the overall authenticity and ecological balance of the water
feature.

Certain plant species flourishing in ponds or near water can become invasive,
resulting in unchecked growth and significant problems. For example, the
water hyacinth can completely blanket lakes and wetlands. In some locations,
reeds can thrive and proliferate rapidly, forming dense stands that disrupt local
ecosystems. These invasive species often outcompete native aquatic plants,
leading to lower biodiversity, diminished oxygen levels in the water, and limiting
recreational activities. The widespread expansion of these invasive infestationsin
rivers and lakes can obstruct river fransport, |mp0|rﬁsh|ng domoge brldges and
clog dams. Furthermore, a e § AR o

species deemed invasive @
in one area might not be s
regarded the same way
in  another.  Therefore,
choosing aquatic plants
carefully is essential to
avoid infroducing invasive
species that could create £
future problems.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

Chapter 17. Maintenance Aspects of Water Features

Even awell-designed andinstalled water feature requiresregularmaintenance
to prevent deterioration. Therefore, effective design should include strategic
planning for all necessary upkeep procedures. A well-crafted maintenance
plan ensures the contfinued functionality of the water feature and preserves
its aesthetic appeal. Regularly scheduled maintenance can not only prevent
issues such as clogged filters but also allow proper system monitoring and early
detection of problems and facilitate prompt repairs. This proactive approach
can help avoid costly repairs like pump failures or structural damage resulting
from even minor maintenance-related issues.
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Failing to address these issues early may lead to significant expenses or, in
extreme cases, a complete system overhaul. Major renovations are costly and
can result in considerable downtime, disrupting the water feature’s infended
functions. In contrast, when addressed early, many minor repairs are typically
less time-consuming and can help prevent the emergence of larger, more
complex problems. Additionally, a lack of regular maintenance can lead to a
gradual decline in aesthetics and performance, negatively impacting visitor
perception over time.

This book section offers comprehensive guides for maintaining water features,
acknowledging that materials and equipment vary by region. Instead of
suggesting specific tools, it highlights the importance of understanding key
maintenance challenges and advises on the general types of tools and
equipment needed to address them. The chapter seeks to equip readers
with essential maintenance strategies that empower them to make informed
decisions tailored to their specific regional contexts. Working with local
suppliersis vital for choosing tools that meetregional needs and characteristics,
ensuring the effective application of the information provided.

Below is a list of key, commonly encountered issues concerning the
maintenance of water features. The sulbsequent chapters enhance this list
by providing practical methods and techniques to maintain the functionality
and visual appeal of water features over time:

Routine Cleaning Procedures and Equipment: Maintaining the cleanliness of
wafter features is essential for optimal performance. Regular cleaning is key
to preventing problems such as algae growth and debris accumulation. To
ensure clear water, it is vital fo check regularly and, when necessary, replace
the filtration system’s cartridge or backwash the filter when debris builds up to
a critical level. Depending on the filirafion systems in place, some debris may
not be captured by filters, accumulating af the pool bottom or in corners with
limited water circulation. Additionally, some particles may be too small for
a filter to capture, necessitating further maintenance measures to enhance
water clarity. Since these maintenance issues are common, many specialized
tools and products are available, making the selection of the right ones
crucial for effectively addressing these problem:s.

Water Quality Testing and Treatment: Maintaining water features goes beyond
physical cleaning; it involves regular water quality testing and treatment.
Periodic checks on parameters such as pH and chlorine levels are essential
fo sustaining optimal conditions and preventing discoloration or unpleasant
odours. Treatment methods, such as adding appropriate chemicals or
properly maintaining a UV sterilization system, help ensure the water remains
clear and safe.

Pump and Filiration System Maintenance: Apart from routine cleaning, the
heart of water features lies in the proper functioning of pumps and filiration
systems. Regular inspections of pumps for wear and lubrication and timely
filter replacements are crucial maintenance tasks. This ensures efficient water
circulation, prevents stagnation, and maintains the clarity of the water feature.
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Leak Detection and Repair: Preventing water loss is fundamental to water
feature maintenance. Regular inspections for leaks, especially in pipes, liners,
or pond structures, aidin early detection. Swift repairs can then be undertaken,
avoiding potential damage, water loss, and extensive renovations.

Maintenance Adjustments for Seasonal Conditions: Adapting water features
for seasonal changes is vital for their longevity. Winterization practices involve
draining water to prevent freezing damage. Similarly, preparing for drought
seasons may include implementing water conservation measures. These
proactive steps safeguard the feature from weather-related issues.

Plant and Landscape Maintenance: Regular pruning and pest confrol are
necessary for feafures that incorporate aquatic plants. Managing plant
growth and addressing any diseases or pests confribute not only to the health
of the plants but also to the overall aesthetics of the water feature.

Lighting System Maintenance: Lighting offen enhances the visual appeal of water
features. Regular checks for light source functionality, potential debris buildup on
lighting lenses, fixture stability, and electrical wiring inspections ensure the lighting
system remains safe and effective, enhancing the feature’s nighttime ambience.

Structural Inspections: Ensuring the structural integrity of the water feature
is essential for long-term functionality. Periodic inspections of walls, edges,
and surfaces help identify signs of wear or potential issues, enabling timely
interventions and preventing more extensive problems.

Educating Maintenance Personnel: Knowledgeable maintenance personnel
are key to effective upkeep. Training programs should be implemented to
equip staff with the skills to perform routine tasks, identify issues, and adhere to
safety protocols during maintenance activities.

Record-Keeping and Documentation: Maintaining comprehensive records is
a best practice in water feature management. Logs of cleaning schedules,
repairs, and modifications provide valuable references. This documentation
aids in troubleshooting, ensures consistency in maintenance practices, and
assists in budgeting for future needs.

The following section skips ahead to a selected excerpt.

Additional subchapters are available in the full edition.

17.4. Leak Detection and Repair

A slow and gradual water loss in a pond may indicate a potential leak,
which could arise from cracks in the pond’s structure or issues with the liner.
However, leaks aren’t always found within the pond itself; they might also
stem from leaks in the plumbing system that connects the pond to the pumps.
Furthermore, water loss may not be solely attributed to leaks; evaporation,
splashes, water migration along the pond’s structure, or maintenance
activities such as backwashing can also play arole. Chapter 8 — Loss of Water,
provides detailed information on the potential causes of water loss and offers
insights into addressing these issues.
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Detecting a leak, locating its source, and repairing it are distinct tasks, with
finding the leak’s location being the most challenging. Leaks can be elusive,
especially in water features with water make-up systems, where visible clues
are not readily apparent without monitoring mechanisms to detect unusual
water consumption. However, pinpointing the exact source of a leak is often
the most difficult part, and very small leaks may go unnoticed altogether.

When a leak is suspected, temporarily turning off the make-up water and
performing a “bucket test,” as discussed in Chapter 8.3.1 — Cracks and Leaks
Detection, can help quantify the leak’s intensity. This chapter explores various
techniques for detecting leaks and guides using the bucket test to assess the
severity of the problem.

Detecting leaks early is crucial, and frequent inspections of water levels,
coupled with a thorough analysis of water consumption linked to make-up
water systems, can aid in prompt leak detection. By closely monitoring these
factors, maintenance personnel can proactively identify deviations in water
levels and consumption patterns, enabling timely intervention to address
leaks before they escalate.

Undetected leaks within a water feature system can escalate into far-
reaching issues, potentially compromising the structural integrity of the entire
installation. Beyond the immediate concerns of water loss, undetected leaks
can saturate the surrounding soil in the water feature area. This saturation can
severely impact vegetation health and lead to significant issues, such as leaks
info adjacent structures and excessive moisture buildup in surrounding walls.
Oversaturation can destabilize soil, leading to serious problems, especially
on slopes. In extreme cases, this instability can lead to landslides, resulting
in substantial damage and creating a severe hazard. To mitigate these risks,
regular maintenance inspections are critical.

Maintaining detailed records of seasonal water loss due to factors like
evaporation becomes a critical element of water feature maintenance.
By consistently monitoring water levels and promptly addressing any
discrepancies, maintenance personnel can safeguard against undetected
leaks and prevent the potential domino effect of structural and environmentall
issues within the water feature and its surroundings.

Repairing a leak depends on the type of waterproofing system and the
extent of the damage. If leaks are detected in multiple locations, it may
indicate a faulty or aging waterproofing system. Assessing the extent of
the damage is crucial to determine whether a local repair or a complete
replacement of the waterproofing system is needed. In older plumbing
systems, patching a leak in one area may lead to new leaks elsewhere,
as these systems deteriorate over fime and may require extensive
repairs or replacement. Various repair techniques are discussed in
Chapter 8.3.2 — Cracks and Leaks Solutions.
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The chapters above are a small selection from PART TWO of The Water
Feature Designer’s Handbook, chosen to give readers a sense of its scope
and approach. For a complete view of all topics covered—including many

additional chapters not shown here—refer to the table of contents. The full
printed and e-book editions offer the complete work in its entirety.

Infroduction to Part Three:
Practical Applications and Case Studies

In the third section of The Water Feature Designer’'s Handbook, we shift our
focus from theory to practical application. This part of the book will guide
readers through three comprehensive case studies on water feature design
that illustrate the principles and techniques discussed throughout this guide.
These real-world examples allow a deeper understanding of translating
theoretical knowledge into effective design solutions.  Each case study
presents unique challenges and decisions encountered during the design
process, showcasing how to create functional, aesthetically pleasing, and
sustainable water features that align with specific project goals.

A typical water feature design journey begins with the initial desire or need
fo incorporate a water element info an indoor or outdoor environment,
becoming the project’s foundational concept. Through the evolution of the
design process, this idea evolves info a tangible proposal that conveys the
envisioned look and feel of the water feature. Consequently, we must refine
this vision into a well-grounded preliminary design by analyzing its concept
against the principles outlined in Part One: Water Feature Design Guidelines,
particularly the first four chapters. This analysis, informed by Chapter 5 -
Technical Considerations insights, ensures our design is functional and based
on understanding the critical aspects of fluid engineering and sustainability.

As water feature designers, we must consider all technical aspects of the
conceptual design and adhere to relevant local regulations to prevent
potential future issues. Even the most appealing renderings of an attractive
water feature can become a malfunctioning, costly, or difficult-to-operate-
and-maintain installation without comprehensive design considerations. The
initial design stage culminates in a costing exercise for the preliminary project
to verify that ambitions align with the budget. At this point, adjustments to the
design are easier, thus allowing for refinement before the final approval stage.

Once the conceptual design is finalized, we transition to the detailed
technical design stage, which is informed by Part Two: Technical Design in The
Water Feature Designer’'s Handbook. This phase involves creating detailed
construction drawings that outline specifications for every aspect of the
wafter feature, from plumbing components to pond structure design. Clear
communication and coordination among all stakeholders are essential to
ensure a smooth construction process and that the final design is executable.
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Part Three: Practical Applications and Case Studies of The Water Feature
Designer's Handbook provides a structured framework for tackling water
feature projects, combining theoreticalknowledge with practical applications.
It begins with a comprehensive checklist that outlines the recommended
sequence for all critical design activities, ensuring a systematic and efficient
workflow. Following this checklist streamlines the design process, ensuring that
important elements are not overlooked.

To illustrate the practical application of this structured approach, Part Three
presents three detailed case studies, each addressing a range of design
challenges commonly faced in water feature projects. These case studies
encompass most of the key topics covered in the book, offering insight into
the complexities of real-world design while demonstrating how theoretical
principles are applied in practice.

Working through these examples allows readers to understand clearly
how design decisions evolve from initial concept to technical execution.
Each case study systematically examines essentfial factors, including
aesthetics, mechanical systems, water quality management, and long-term
maintenance. This step-by-step methodology enhances comprehension
of the design process and equips readers with the practical tools to apply
these principles in their projects. Including multiple case studies highlights the
versatility of this structured method across various types of water features,
underscoring its value in professional practice.

In the following three case study projects, various components, such as
pumps, filters, light fittings, drainage elements, jets, and other essential parts,
are referenced using arbitrary codes (e.g., PO 520 for a pump or FL 230 for
a filter). These codes are intended only for illustrative purposes and do not
necessarily relate to any specific commercial products.

When selecting equipment for real-world projects, it is essential to specify
each component by its exact model name or number, as provided by the
manufacturer. This ensures that all parties involved—installers, suppliers, and
maintenance teams—can accurately source and install the correct items.
Using incorrect or generic references can lead to confusion, misinterpretation,
and potential installation issues. Therefore, it is essential to always refer to
official specifications and documentation to maintain consistency and avoid
errors during procurement and implementation.

Itis also common for designers to provide the name of the supplier forreference
when specifying the selected products and to indicate where confractors can
obtain these parts. However, depending on local contract laws, contractors
may obtain parts from multiple sources and are not obligated to purchase
goods from the specified supplier.
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In some projects, various manufacturers may produce the specified
components. Alternative products may meet the product specification but
not exactly match the selected product code or name. When potential
alternative products may be available, designers can include in the
specifications the required product’s name and code, adding a comment
stating “or pre-approved equivalent.” This approach enables confractors
to source goods from their preferred suppliers or manufacturers, provided
the designer approves the suggested alternatives before purchase and
installation. If the proposed substitute meets the specifications but is of lower
quality, the designer may reject the alternative and provide justifications.

Chapter 18. Water Feature Design Checklist

The following checklist serves as a practical guide for designing water
features. It outlines the recommended sequence for all crifical stages of
the design process, from the initial site analysis and conceptual design
development requirements to completing detailed designs necessary for
creating construction drawings and specifications. This checklist is divided
info two main sections, each tailored to distinct phases of the design process.

Checklist Part One covers the conceptual design process, where architects,
landscape architects, interior designers, and other water feature enthusiasts
collaborate to bring their vision to life. Initial ideas shape this stage, laying the
foundation for the overall design. This section focuses on defining the project
scope, analysing general site and environmental conditions, and establishing
the primary functions and aesthetics of the water feature.

Checklist Part Two is dedicated o those responsible for providing a detailed
mechanical design based on the already-developed concept. This section
addresses more technical aspects of the design process, such as water supply
and drainage, designing and selecting all mechanical components, and
intfegrating lighting and safety features.

This checklist offers detailed guidance on project scope, environmental
analysis, technical design, and maintenance-related issues, ensuring that all
essential aspects are comprehensively addressed. Following the initial project
scope analysis, which is crucial at the start of each project, subsequent steps
outline the tasks that need to be completed. Tasks related to complex issues
include references to specific chapters in the book, providing in-depth advice
on the key challenges to be tackled. Whether for experienced designers or
those new to the field, these steps provide a clear and confident path through
the design complexities for water feature projects.
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18.1. Conceptual Design Phase Checklist

Part One of the checklist is designed for the initial design process, where
you will tfransform the project’s vision info a conceptual design. Each step
corresponds to a chapter in the book, offering detailed information on the
topic. Refer to these resources to navigate through the process.

Project Scope Analysis
1A.1 Project Objectives and Scope
a. Establish Vision: Define or discuss with the client the overall vision,

character, size, function, timelines, and budget for the water feature
to guide the design process.

b. Scope Definition: Clearly outline the project's scope, ensuring
alignment with the client’s expectations.

1A.2 Project Stakeholders

a. Identify Stakeholders: |dentify all relevant project stakeholders,
including the design team and other necessary professionals (e.g.,
hydrologists, structural engineers, geotechnical engineers).

b. Roles and Responsibilities: Establish clear roles and responsibilities for
each stakeholder to ensure efficient collaboration.

General Site and Environmental Conditions Analysis

1B.1 Environmental Considerations — see Chapter 1
1B.1.1 Site Conditions and Environmental Impact
a. Site Conditions: Evaluate the site’s environmental conditions,

considering factors such as groundwater, stormwatermanagement,
nearby habitats, and water consumption.

b. Impact Assessment: Assess the potential environmental impact of
the water feature, identifying any information gaps and obtaining
necessary data.

1B.1.2 Local Wildlife and Vegetation

a. Flora and Fauna: Identify native flora and fauna species and
evaluate their potential interactions with the water feature.

b. Invasive Species: Check for the presence of invasive species and
consider theirimpact on the project.

For a complete e-book or printed edition of the handbook go to LASquare.org website Q
=


https://lasquare.org/index.php/home/thehandbook/
https://lasquare.org/index.php/home/thehandbook/

1B.2

1B.3

1B.4

Functions of Water Features

Operational Functions: Defermine the water feature’s operational
and environmental functions, acknowledging that it may serve
multiple purposes (Chapter 4).

Seasonal Considerations: If relevant, evaluate the feature’s
functionality across seasons (Chapter 2).

Water Sources

Water Availability: Assess water availability for the inifial fill and
ongoing compensation for losses (e.g., evaporation, splash)
(Chapter 3).

Alternative Sources: Consider the feasibility of using rainwater
harvesting as a partial or complete water source for the feature.

Climate

Climatic Conditions: Analyze the local climatic conditions that could
impactthewaterfeature’sdesign, function, and maintenance. Consider
temperature variations, precipitation patterns, wind conditions, and
the potential for extreme weather events (Chapter 5.1).

Water Feature Design Considerations Analysis

1C.1
1C.1.1

a.

1C.1.2

Pond Structure

Pond Structure Integration into the Site Conditions

Site-Specific Assessment: For projects situated on or near slopes orin

areas with complex geological conditions, evaluate the necessity
of a site-specific evaluation of soil stability, erosion risks, and any
potential impacts on the pond'’s structural integrity (Chapter 5).

Structural Evaluation: If the project involves new or existing structures,
include structural assessments in the overall evaluation.

Geotechnical Considerations: Collaborate with geotechnical
engineersto ensure that the site’s conditions are properly accounted
for and that potential risks are mitigated.

Pond Size and Construction Materials

Size and Depth: Determine the pond’s size, depth, and water
weight, considering functional, aesthetic, and feasibility aspects
(Chapter 5.1, 5.2, and _5.3).
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b. Material Selection: Select materials for the core structural elements to
ensure structural integrity, and choose finishes that align with project
goals and complement the surrounding environment (Chapter 5.9).

1C.1.3 Shape of the Pond, Edges, Weirs

a. Form and Functionality: Assess the feasibility of the proposed
pond shape by evaluating its functionality, aesthetic appeadl,
constructability, and effectiveness of water circulation (Chapter 5.6).

b. Edge Design: Ensure the pond’s edges are designed for safety,
aesthetics, and maintenance accessibility (Chapter 5.7).

c. Weir and Waterfalls: Incorporate weirs or waterfalls as needed,
ensuring they align with the overall design (Chapter 5.8).
1C.2 Mechanical Components

1C.2.1 Natural vs. Pump-Forced Water Circulation Requirements

a. Water Circulation Analysis: Assess site fopography or placement of
the water feature within man-made structures (Chapter 5.5).

b. Forced Water Circulation: Identify areas requiring forced water
circulation using pumps.

c. Natural Water Flow: Determine where gravity-driven natural flow can
occur (i.e., waterfalls, spouts, overflow drainage).

1C.2.2 Selection and Location of Key Circulation and Lighting Components

a. Core Circulation System: Identify the type andlocation of key circulation
components, such as pumps and filtration systems, to support water
quality management and desired features (Chapter 5.10).

b. Feature Display System: Identify the type and location of key display
features such as jets or spouts (Chapter 7.4)

c. Lighting System: Idenfify the type and location of key lighting
components (Chapter 13)

1C.2.3 Water Level Management
Single-Level Ponds:

a. Water Level Management: Develop a strategy for managing water levels,
including provisions for compensating water losses (Chapter 5.4.2).

b. Overflow: Plan for overflow requirements, ensuring proper
connections to the sanitary line (Chapter 5.4.3)
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Multilevel Ponds:

a. Water-in-Transit: For multilevel ponds, assess the volume of water-in-
fransit and evaluate potential water level fluctuations (Chapter 5.4.4)

b. Surge Tank: Evaluate the necessity of a surge tank in multilevel
ponds to maintain optimal water flow and balance (Chapter 5.4.5).
Consider how water fluctuations impact circulation, overall water
depth, and the aesthetic quality of the feature. A surge tank may be
necessary to stabilize water levels in the lowest pond of a multilevel
system, reduce water waste, and ensure smooth operation while
maintaining the water feature’s high visual appeal.

If asurge tankis required, calculate the minimum storage size, typically around
three times the volume of water-in-transit. However, the required capacity
may also vary depending on the tank’s shape and ability to accommodate
fluctuating water levels efficiently.

1C.2.4 Mechanical Equipment Location

a. Mechanical Room: Assess the necessity of a mechanical room, vault,
orkiosk, and, if required, determine its optimal location (Chapter 5.10).

b. Routing of Circulation System: Establish the ideal placement and
design of the circulation system, ensuring efficient connections
among the pond, pump, and sanitary drainage. Addifionally, ensure
seamless infegration of mechanical components into the relevant
structures to maintain proper water flow, operatfional efficiency,
and ease of maintenance.

1C3 Water Quality Management

1C.3.1 Quality Criteria Determination

Function-Based Requirements: Identify the water quality
requirements based on the function of the water feature. For
human interaction, ensure the water is safe and hygienic for direct
contact. For aquatic life, ensure the water supports organisms with
sufficient dissolved oxygen and is free from harmful chemicals. For
ornamental purposes, prioritize clarity and aesthetics. Take into
account other specific functions that may influence water quality
standards.(Chapter 4).

1C.3.2 Water Purification vs. Filtration

a. Purification Needs: Determine if water purification methods, such as
chemical freatments or UV sterilization, are required for the feature’s
function and compliance with local regulations (Chapter 9.2.3).
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b. Filtration Requirements: Decide on the appropriate filfration system
to remove particles and debris. Consider options such as sand,
cartridge, or diatomaceous earth filters based on the pond’s size

and use (Chapter 9.2.2).
1C.3.3  System Compatibility

a. Chemical Compatibility: Ensure the purification system is compatible
with the water feature’s function. Verify that the chemicals used
will not harm wildlife or plants. Assess whether chlorine is suitable,
considering its potential odour and impact on user experience.

b. System Space Requirements: Assess the available space for installing
and maintaining the water treatment system, ensuring it meets
design constraints. This may involve accommodating the filirafion
or purification system, such as sand filters, and space for additional
components like pumps, confrollers, and storage for chemicals or
replacement parts.(Chapter 5.10).

1C.3.4 Regulatory Compliance

Local Regulations: Ensure that the selected water quality
management system complies with local regulations and
guidelines for water features while incorporating both safety
standards and environmental requirements. This entails properly
disposing of chemically freated or contaminated water, such as
discharging backwash water into a sanitary sewer line, to prevent
adverse effects on the surrounding environment. Additionally, other
safety considerations, such as water depth, changes in elevation,
and any other factors that may necessitate additional safety
measures, should be considered. Appropriate signage, barriers, or
non-slip surfaces can help prevent accidents and create a safer
environment for incidental water interaction.

If aquatic plants or fish are to be infroduced into the water feature,
localregulationsregardinginvasive species and otherenvironmental
or ethical guidelines must be considered. These regulations may
include restrictions on infroducing non-native species and provisions
to prevent their escape into natural ecosystems. Additionally,
ethical considerations must be addressed to ensure that the habitat
supports the health and well-being of the introduced life forms while
minimizing potential ecological impacts.

1C.4. The Selection of a Waterproofing System

a. Criteria Establishment: Establish selection criteria forthe waterproofing
system, considering climate, locatfion, and the pond’s functions.

(Chapter 5.4.1).
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b. System Compadtibility: Ensure the waterproofing system is compatible
with chosen construction materials, the circulation system, selected
feature display components, and finishes.

1C.5 Incorporation of Aquatic Lifeforms in the Water Feature

a. Wildlife and Vegetation: Determine the feasibility and desirability of
incorporating aquatic life, considering the impact on water quality
and circulation (Chapter 5.12).

b. Regulatory Considerations: Adhere o local legal and regulatory
requirements regarding the inclusion of wildlife.

Preliminary Coordination of Responsibilities

Before proceeding to the detailed design, define clearroles andresponsibilities
for all stakeholders involved in the project to ensure a seamless integration
of the water feature with the building structure and other systems. Establish
effective communication channels and provide regular updates among
stakeholders. To address specific technical requirements and ensure
cohesive collaboration throughout the project, this initial coordination
of responsibilities must be followed by thorough coordination with all
stakeholders during PART TWO - Technical Design phase.

1D.1 Architect and Structural Engineer Typical Responsibilities

a. Structural Integration: Ensure that the pond and mechanicalroom are
fully integrated into the building’s structural framework, considering
the necessary structural support and any potential impacts on the
building’s integrity.

If a surge or rainwater harvesting tank is required, coordinate ifs
size, weight, and location fo ensure seamless integrafion with the
existing structures and site geotechnical conditions. Ensure that
the tank’s placement allows for effective gravity flow between the
pond, the reservoir, and the overflow drainage connections.

b. Freestanding Features: For freestanding ponds, evaluate the need
for structural engineering input based on factors such as the pond’s
size, depth, and related structures like retaining walls.

1D.2 Mechanical Engineer or Professional Plumber Typical Responsibilities

a. Water Supply System: Design the water supply system, incorporating
essential components like backflow prevention and shut-off valves
while ensuring efficient integration with the overall design. The
connection size should be carefully determined based on the
required fime for filing the pond.
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b. Drainage System: Design the connection to the sanitary drainage
line for the pond’s overflow and the floor drain in the mechanical
room. The overflow size should be calculated to handle the
expected maximum flow, including the flow from a 100-year rainfall
event (Chapter7.13.2.1). In projects with a waterfall, this calculation
must also account for the combined flow from the rainfall and the
water-in-transit.

C. Plumbing Connections: Opfimize system performance by designing
effective plumbing connections between the pond and the
mechanical room.

1D.3 Electrical Engineer or Professional Electrician Typical Responsibilities

a. Power Supply Coordination: Provide and coordinate the power
supply for pumps and lighting, ensuring it aligns with the landscape
lighting design.

b. Safety and Reliability: Establish appropriate voltage, phases, and
control systems to guarantee safe and reliable operation.

When all of the above issues are effectively addressed during the conceptual
design phase of a water feature project, the resulting master plan will be
well-informed and practical. This phase results in a drawing rendered to
an appropriate scale, primarily focusing on the pond design. The drawing
highlights key design elements, such as the pond’s shape, size, and general
layout, while providing limited details about the mechanical components,
sufficient to convey their functional roles and visual effects. With thorough
consideration of these factors, the fransition fo the detailed design phase will
be smooth and straightforward. This comprehensive approach helps avoid
major mistakes or overlooked issues, ensuring the detailed design process
progresses efficiently and successfully. If the conceptual stage designer
requires more detailed information on the intricate aspects of selected
components or technical design elements, Part Two of the checklist and the
relevant chapters in the book provide further guidance.

18.2. Technical Design Phase Checklist

Part Two of the checklist is intfended for the detailed mechanical design
phase, assuming that the conceptual design development has already been
completed based on the activities in Part One. This section offers guidance
on the critical aspects of mechanical design, including water supply and
drainage, selection of mechanical components, and the integration of
lighting and safety features. Each step links to specific chapters, providing
detailed information to ensure a precise and functional design.
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While this checklist addresses the typical requirements for a standard
project, more complex designs may require additional considerations not
covered here. In such instances, you may need to expand the checklist to
accommodate unique project demands.

Detailed Mechanical and Lighting Design

Considering that the mechanical design must integrate seamlessly with the
pond structure and the mechanical room design, it is essential fo complete
this work before coordinating with other consultants.

2E.1

a.

2E. 2

Calculation and Optimization of Water Circulation

Volume of Water in the Pond: Calculate the volume of water in the
pond (Chapter 7.2.1)

Determine Required Maintenance Circuit Flow: Calculate therequired
flow rate based on opfimal water rotation needs, considering
feature type, size, and water quality standards (Chapter 7.2.2)

Determine Operational Circuit Flow and Pressure: Assess flow and
pressure requirements for water display components by selecting
appropriate display fittings (Chapter 7.4) or determining waterfall
sizes (Chapter 7.5). If present, incorporate natural flows on sloping
channels into the operational circuit, considering that natural flows
are confrolled by gravity and cannot be modified without revising
the slope or size of the channel (Chapter 7.10.2)

Optimize Operational Circuit(s): Optimize the plumbing circuit design

based on flow and pressure requirements, integrating natural and
operational flows. This may involve designing one or mulfiple circuits
to ensure all water display components’ optimal performance
and funcftionality while meeting water quality maintenance
requirements (Chapter 7.6).

Comparison and Integration of Maintenance and Operational Circuit
Flows: Evaluate and compare maintenance and operational circuit
flows to determine if they can be combined or if separate circuits
are needed due fo timing, pressure, or other factors (Chapters 7.6.3).

Plumbing Circuit Design and Component Integration

Determine Water Supply Requirements: Calculate the time required

to fill the pond and select the appropriate size and flow rate for the
wafter supply. Ensure that the design includes a backflow preventer
and a shut-off valve for proper system integration (Chapter 6.1).
Consider how the water supply will be connected to the circulation
system to ensure that it will effectively fill the pond or provide make-
up water for the system.
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2E.3

Filter and Purification System Selection: Select appropriate filtering and
purification devices and determine their placement (Chapter 9.2).

Plumbing Circuit Design: Design circuits according to required flows,
pressure, and project needs (Chapter 7.7).

Step 1. Determine the pressure loss through the water filtering
components.

Step 2: Calculate all relevant pressure losses and requirements.

Step 3: Size plumbing circuit pipes based on the required flow and
velocity.

Step 4: Select the pipe material based on the necessary strength.

Drainage Fittings Selection: Choose drainage fittings forthe circulation
system based on flow requirements, safety considerations, pollutant
types and accumulation, and the unique characteristics of the
wafter feature (Chapter 7.13).

Overflow Drainage Fitting: Determine the optimal size and location
of the overflow system. Select appropriate fittings according to
the pond size and expected significant rainfall (Chapter7.13.2.1).

Overflow Drain connections: Determine the optimal slope and size
of the overflow line connecting the pond with the site’s drainage
system (Chapter 7.10.1).

Water-Level Control System: Choose a system compatible with the
pond structure and aesthetics (Chapter 7.12).

Integration with Pond Structure: Ensure plumbing circuits and fittings
are practically infegrated into the pond structure, maintaining structural
integrity and compliance with local regulations (Chapter 7.6.4).

Air Handling: Address air handling issues in the circulation system

(Chapter 7.6.5)

Maintenance Access: Ensure easy access to all components such
as pumps, filters, controllers and valves for maintenance activities
(Chapter 7.6.6 and 7.6.7).

Aesthetic Integration: Consider the aesthetics of plumbing integration
intfo the pond and resolve potential conflicts (Chapter 7.6.8).

Pump and Filiration System Selection

Pump Selection: Choose pumps based on flow, pressure, efficiency,
available power supply, and system type (submersible or dry)
(Chapter 7.8).

Timing and Control Systems: Select or calculate operation fimings
and decide on timers (Chapter 7.8.6).
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2F.

Lighting Design

Lighting System Selection: Choose and position the lighting system
considering location, integration with the pond structure, number
and type of lights, conduit placement, and control mechanisms

(Chapter 13).

Technical Design Coordination

2G.1

2G.2

2G.3

b.

C.

Mechanical Room Location and Routing of All Connections: Confirm
the mechanical room’s locatfion, size, unique requirements, and
routing of plumbing and electrical connections, ensuring integration
with the overall site design (Chapter 6.1.3, 6.3, 6.3.1).

Coordination of Structural Design: Once the detailed design
of the pond’s shape and its associated structures, along with
the calculations for water volume, is complete, it's essential to
collaborate closely with the architect and structural engineer.
Together, evaluate the weight of the water and the involved
structures. Ensuring that the structural reinforcement of the pond
is adequate to maintain its integrity is crucial. It is also important
for the pond’s design to integrate seamlessly with the surrounding
structures. Additionally, we must confirm that the building’s
framework can sufficiently support the weight of the water feature.
This process includes verifying that the pond’s weight and water
have been accurately accounted for in the structural designs of
the relevant elements. If the pond is situated on a slope, coordinate
with a geotechnical engineer to verify the load-bearing capacity
of the slope fo support the weight of the pond.

Coordination of Power Supply, Water Supply, and Drainage

Water Supply Requirements: Determine the volume, flow, and
pressure needed for initial filing and ongoing compensation,
ensuring regulatory compliance (Chapter 6.1.1, 6.1.2)

Water Drainage Requirements: Coordinate drainage connections
for maintenance and repairs, and ensure safe overflow during rain
events (Chapter 6.1.4, 6.1.5)

Power Supply Requirements: Evaluate the powersupply requirements,
including voltage, phases, fuses, switches, and timers for pumps,
lighting, and control systems (Chapter 6.2).
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Detailed Design for the Pond Structure and Waterproofing

Ensure the mechanical design integrates with the pond structure and
mechanical room.

2H.1 Selection of Construction Materials and Waterproofing System

a. Material Selection: Choose materials compatible with mechanical
components and waterproofing (Chapters 5.10, 8.2).

b. Waterproofing System Integration: Ensure the waterproofing system
infegrates with all fittings and penetrations to prevent leaks and
ensure durability (Chapter 8.2).
Other Detailed Design Elements Analysis
2. Rainwater Harvesting System Design
a. Collection Potential Analysis: If Applicable, Assess the Feasibility and
Benefits of Rainwater Harvesting.

b. Component Selection: Select components, measure the catchment
area and determine optimal storage tank size (Chapter 10.1, 10.2, 10.4).

c. Filtration and Purification: Design systems for filtering and purifying
collected rainwater (Chapter 10.3).

2). Cost of Operation

a. Energy Consumption Estimation: Estimate (monthly or yearly) energy
needs for pumps, lighting, and maintenance, and calculate costs
based on local rates (Chapter 11.1).

b. Operational Cost Estimation: Estimate (monthly or yearly) costs
for water supply, equipment, maintenance, and management
(Chapter11.2,11.3)

2K. Safety Considerations

Safety Features: Implement safety features, such as barriers and
covers, following local regulations and industry standards (Chapter 12).
Ensure compliance with safety standards for all mechanical and
electrical components and chemical use/storage.

2L. Integration of Artwork

Artwork Coordination: Coordinate the integration of artwork into
the design and functionality of the water feature (Chapter 14).
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2M. Integration of Aquatic Lifeforms into the Water Feature
a. Fish Planning: Plan for fish habitat, predator control, and water
quality maintenance (Chapter 15)

b. Plant Selection: Select appropriate plants and design ponds to meet
plant needs (Chapter 16).

2N. Maintenance
a. Maintenance Activities and Supplies: Recommend maintenance
supplies and provide specifications for routine cleaning procedures

(Chapter 17).
b. Seasonal Maintenance: Address seasonal mainfenance needs, such

as winterization or drought preparation (Chapter 17.5).

In concluding of the Technical Design Phase Checklist, it is essential to
recognize that not all activities listed may apply to every project, and some
projects may necessitate expanding this list to meet unique requirements.
Nonetheless, this checklist offers a general guide to the key considerations
and tasks needed when undertaking the detailed design of water features.

The chapters you've just read offer a selective preview of the full handbook.
While they reflect the depth and practical focus of the book, they represent
just a portion of the broader content available in the complete edition.
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