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Advance Praise for Dry Run

This book draws our attention to a critical, but often unrecognized, environmental challenge facing society in developed countries such as Australia and the United States: managing urban water supply. He makes a crucial connection that global policy makers should be aware of: Increasingly people understand that a comprehensive approach to the climate change challenge must look at water issues as equally important as curbing excessive energy use.

— Tony Arnel, Chair, 
Green Building Council of Australia

 

Dry Run is a compelling analysis on the full spectrum of one of our most precious resources, water. Yudelson has the unique ability of synthesizing the historical, present day and available technologies/solutions for the impending struggle we are and will face in regards to water conservation. A must-read for the novice and experienced as we move towards a “new water” sector.

— Ronald W. Hand, AIA, CSI, E/FECT. 
Sustainable Design Solutions

 

Dry Run provides a much needed and welcome examination of our impending water crisis and provides workable solutions to prevent it. It is a must-read for water resource planners and water conservation professionals.

— Bill Hoffman, PE, 
H.W. (Bill) Hoffman & Associates

 

Jerry Yudelson’s book, Dry Run, will become an excellent “nonstandard” reference manual for water efficiency. It provides a basic understanding of past, current, and potential water issues. Whether you live in an area of drought-potential or not, Dry Run provides knowledge and benchmarks for the consumer, the engineer, the operator, and the politician to help us become more water efficient.

— Greg Towsley, 
GRUNDFOS Pumps Corporation.

 

This is the first book that provides the specific information that you need to “future-proof ” your house and your business against water scarcity. If you act on the information in this book, you will save money today. More importantly, you will prevent dramatic losses in the future when droughts, severe storms and infrastructure decay reset our approaches to building.

— Laura Shenkar, 
The Artemis Project

 

This book provides the most comprehensive overview about water-related knowledge and potential strategies I’ve ever seen. This is a must for every engineering and architecture practice with a serious focus on sustainability. It will boost the reader’s consciousness and will give this topic the necessary attention in building design.

— Thomas Auer, 
Transsolar Energietechnik, 
Stuttgart, Germany

 

I can’t emphasize enough how important it is that people read this book... not just some people — ALL PEOPLE. Water is the declining and undervalued resource of our time, and in 5 years we’ll all be wondering why we took so long to realize that water’s value to us as human beings will far outstrip our current worries and hand-wringing about oil. We are not 70% oil, we are 70% water. Jerry’s book is the right message and the essential reference guide for us to accelerate this idea and this awareness in this time of profound transformation and change — everyone needs to know what is in this book.

— Clark Brockman, AIA, 
Director of Sustainability Resources, 
SERA Architects

 

Once again, Jerry Yudelson has taken a critical complex issue and presented it in a readable manner. This is the next environmental crisis and Jerry is sounding the battle cry, while offering tangible solutions. I applaud the effort and his graceful manner in presenting the material.

— Ron van der Veen, AIA, 
Mithun, AASHE Board

 

Jerry Yudelson’s Dry Run is an urgently needed manifesto. It makes a compelling case to shift from a pattern of careless water dependencies to strategic alignment with water cycles and balance, and is an imperative for immediate action.

— Gail Vittori, Co-Director, 
Center for Maximum Potential Building Systems

 

This book is the best summary of a comprehensive overall coverage of the entire urban water crisis context I have seen yet. Read it — whether you are planning for water, managing it or using it. You will understand why water will be the gold of the 21st century and what you can do to help avoid the crisis, mitigate or generate new business.

— Guenter Haber-Davidson, 
Water Conservation Group, 
Sydney, Australia

 

Clear — as water should be — is the message of this book. A serious topic is presented in a manner to make you curious, not anxious. It is possible to run through the book’s pages in a hurry and anyway get the good impression that we can (still turn the problem to the good). It is also possible to take more time and stay with one aspect in one of the chapters and find information and unknown details like exploring deep water area in nature. Excellent figures make this book being an appetizer to join the group of active planning people, introduced by interviews. Nice to see by the presented examples, that people (let us call them colleagues) around the world already started in a common sense to prevent the next Urban Water Crisis, by using their skills, their brain and their heart at the same time.

— Klaus W. König, 
Architectural Office of Klaus W. König, 
Ueberlingen, Germany

 

Urban water utilities have long prided themselves on quietly providing reliable water at affordable prices. As a result, there’s limited awareness about the challenges of providing water to ever-growing populations. Yudelson strips away complacency with a sobering look at the past, present and future challenges to our water supply. Yudelson shares his sustainable design and construction expertise to explain practical concepts for reducing our water footprint without compromising our standard of living. Whether you’re a green-living novice or a seasoned professional, you’ll find Dry Run  enlightening.

— Doug Bennett, 
Southern Nevada Water Authority

 

Jerry Yudelson continues to provide genuine thought leadership and support for the global green building agenda. Dry Run: Preventing the Next Urban Water Crisis delivers a comprehensive analysis of the issues surrounding urban water use and offers clear evidence of why we must change the way we view and value water.

— Romilly Madew, 
Chief Executive, 
Green Building Council of Australia

 

Setting the bar for new developments in our cities and towns is of utmost importance to ensuring a sustainable water supply for future generations.  Dry Run truly hits the spot when it comes to water conservation in the Arid Southwest.

— Dr. Rodney Glassman, 
Tucson City Council

 

Dry Run is a matter-of-fact book with evidence that screams Urban Water Crisis. It clearly outlines why we need to use existing attempts to respond to water shortages in other countries as well as parts of our own country that are already starting to feel the effects of low water supplies as a “dry run” for dealing with the looming Urban Water Crisis. A grounded effort to speed our vital response.

— Heather Kinkade, RLA, author,  
Design for Water: Rainwater Harvesting,  
Stormwater Catchment and  
Alternate Water Reuse

 

An outstanding book covering today’s very significant concerns over water availability and use in North America. Very importantly, though, Jerry also gives us an all-encompassing picture of “solutions” to these concerns in the form of 21st century products, technologies, and practices that can definitely lead to water sustainability. I highly recommend this book for both the new practitioner in the field of water use efficiency and the experienced water professional.

— John Koeller, P.E.

 

This book is the wakeup call we all needed to realize the grave challenge we face and the potential of the building industry to curb water consumption. From home designers and builders to city and national policy makers, this resource is the compass we all needed to navigate and guide our destiny over this century of transition from black to blue gold. I hope all sector stakeholders read it, soon!

— Donna McIntire, AIA

 

This book’s incredible. It covers everything you need to know about water, and I mean everything, and will go a long way towards helping save this world. Jerry has already tackled sustainability in buildings but now he’s taking on our world’s biggest challenge of providing enough water for future generations.

— Steven Straus, PE, Glumac
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Foreword

by Professor Sharon B. Megdal

 

 

 

 

Water availability is of great interest to the public, especially in places where water shortages have been experienced or are anticipated. As a frequent speaker on water policy, I find that urban residents first and foremost want good-quality water to flow reliably from their taps. Many think about their use and are thirsty for information on how they can be more efficient water users. Many do not know where their water comes from and what treatment and engineered water distribution and treatment systems are in place to deliver the water and take the wastewater away. They often do not know whether the water they drink is being pumped from aquifers or diverted from rivers or both. They may not know how scarce freshwater supplies are or how vulnerable supplies may be.

The reality is that water supplies are being stressed by many factors simultaneously and in different ways than ever before. These factors include drought, climate change and growth in population and in water withdrawals. Water planners and policy makers are working diligently throughout the United States to make sure communities have safe and reliable water for the future. The goals are no different from the past, but achieving them is getting more challenging in the face of ever-increasing competition for water and more uncertain climate conditions. The changing of water practices will be required; for example, adoption of water conservation practices may not only reflect new regulations, but also represents an important cost reduction strategy for water users. Landscapes may change as people understand how communities can economize on water use without sacrificing their livability. This book will help the reader understand how water use practices are and should be changing, as well as how individuals and communities can contribute to a sustainable water future.

People frequently comment that water prices are low. Transplants to semi-arid Arizona, for example, often wonder why water does not cost more than it does. Water prices throughout the United States reflect the costs of delivering water to the customer. There is no cost to the water molecules themselves. If you own your own well, the primary cost is for water  extraction, which is cheaper than water from a local utility. In fact, in Tucson, Arizona, some households from a wealthy established neighborhood left the public water system and drilled their own wells to save money. Their solution to high water cost was to find a cheaper alternative. (State law was later changed to stop this practice.)

Water prices can vary considerably within a given region if there is significant variability in the cost to water companies for water extraction, treatment and delivery. I often hear people state that the era of cheap water is over. Contaminant removal, seawater or brackish groundwater desalination, water rights acquisition and water storage and transportation systems will be more costly in the future. Water planners expect that customers will see water rates increase significantly. By how much is a significant unknown.

Rate structures, such as tiered rates that increase as water use increases, have been adopted to encourage water conservation. In response, some consumers have changed their water use practices. Interest in rainwater harvesting by individual households and businesses is growing. Installation of graywater systems can likewise match water quality with the type of water use and also reduce the costs of water and wastewater treatment. Tax policies and city ordinances are additional factors stimulating changing water use practices.

While individuals can contribute to avoiding future crises by reducing their own water use, there are community and regional level issues to be addressed. Water regulations are decentralized in the United States. The federal government sets standards for drinking water quality and for discharges of pollutants into streams and waterways. The Endangered Species Act impacts some water diversion and use practices. Most water supply and utilization management and treatment decisions and regulations are made at the state or local level. In some cases, there may be strict limits on groundwater withdrawals by community water providers. In others, groundwater withdrawals are unregulated, and wells can be drilled without consideration of the impacts to a neighbor.

Population growth is usually accompanied by growth in water use, but that does not always have to be the case. Agricultural water use remains significant in many regions of the country, as does industrial water use. Competition for water supplies is growing. Urban populations are spreading to agricultural lands. People demand more food, fiber and energy, all of which require water supplies for production. States such as Florida and California, for example, are explicitly considering environmental implications of water withdrawals. Long-term arrangements that transfer water from agricultural  use to municipal use, like those agreed to in Southern California, are evidence of the scarcity of water compared with growing demands.

An important part of the water use picture is the environment. The degraded riparian environments in many areas of the Southwest are evidence that water withdrawals often occur without consideration of the environmental implications. The environment is often the unrecognized water customer — the water customer not at the table. Although there is heightened awareness of the importance of environmental preservation and state laws that require consideration of the environmental impacts of water use, there are still states and communities where water use can occur without such consideration. Once degraded, even partial restoration of a watershed or aquifer can be costly, and full restoration may never occur. Therefore, as we look to our water future, we must remember that the environment is part of our communities and care for it.

It can be overwhelming to think about what individuals and communities can do in the face of significant uncertainties and challenges, but the key to making good decisions is good information. This book provides key information for individuals and businesses as they look to becoming better water stewards. The book identifies “no regret” water use practices, that is, practices that are resilient to alternative future conditions. For example, rainwater harvesting at the individual user level can help a community avoid the high costs of treating water to potable standards only to have that water used for landscaping. If, at the same time, individuals are educated regarding landscaping practices suitable for their local environment, we have policies that make sense regardless of the climate or drought conditions that are experienced. We will be glad we adopted them whether we encounter severe and prolonged droughts or unexpected short ones.

Water managers and policy makers recognize the many challenges associated with providing safe and reliable water supplies. They are working hard to avoid water crises in the face of growing competition for water supplies and significant uncertainty about future rainfall, runoff patterns and water availability. This book can help individuals, businesses and communities adopt more sustainable water use practices. We can all participate in avoiding the next urban water crisis.

Professor Sharon B. Megdal 
University of Arizona, Tucson






 Preface

I’ve been writing books about green buildings, green homes and green developments since 2005; each has focused mostly on broad aspects, especially on energy use and making the business case for substantially increasing our investments in green building. Green building growth appears now to be self-perpetuating, expected to achieve more than a 20 percent market share of the new non-residential construction market in 2010. And, in the worst environment for homebuilding since the Great Depression, green homes are still selling well.

For this book, I’ve chosen to focus on my first love in the professional world, water, a subject to which I devoted a considerable part of my early professional career. With the arrival of renewed worldwide concern about water supply and quality, the time has certainly come to focus on water issues in the built (urban) environment, which after all is the world in which most of us live. Moreover, as people become more aware of the many connections between water and energy issues, sustainable building design will increasingly come to include both water and energy issues as primary concerns.

In fact, many vanished ancient civilizations disappeared because of their inability to manage water resources and the environment: Mesopotamian, Mayan and Indus River civilizations all disappeared. Protecting soil and water is essential to protecting civilization, since everyone must eat and we can’t yet produce food in chemical factories in a way that would compete with natural ecosystem services. For most of us, the image that clearly conjures up water supply is the aqueduct (Figure P.1), bringing water to cities from afar, since the days of ancient Rome. For those living in Southern California and Arizona, the long-distance aqueduct continues to bring the life-blood of water to our largest cities.

Similar conclusions about the importance of water use in undergirding economic and environmental health hold true not just for the United States, but for other developed and rapidly growing economies: Australia, Canada, western Europe, Japan, China, India and other countries. Water use in the built environment is going to be a larger issue in future public  policy discussions for all advanced economies. Increasingly, people understand that a comprehensive approach to the climate change challenge must look at water issues as equally important as curbing excessive energy use.

Water is a vast subject: it is the elixir of life, one of the four basic elements of human existence. Anyone who writes about water has to make choices about subject matter. Writing this book, I decided to focus strictly on urban water use, neglecting major water uses in agriculture and industry in favor of a more focused approach on water use in the built environment — something I know we can substantially improve upon within the current political, economic and environmental context.

In 2009, a major statewide drought emergency gripped California’s 38 million people, reprising similar conditions in recent years in Texas and Georgia, and forcing cities, water districts, counties and millions of people to undertake unprecedented conservation restrictions, policies and programs. People in the US are getting a taste of what 20 million Australians have battled in the first decade of what will become the “water century.” They are encountering the scarcity of available fresh water, sufficient to supply not only the needs of cities but also the needs of agriculture, industry, energy production and (what should be in first place) a healthy environment. You’ll read about many of these contemporary water crises in this book.

I focus on lessons learned in actual projects, in urban and suburban conservation programs and in developed countries that have already confronted the inevitable consequence of global warming, population growth, economic growth and environmental degradation: more erratic and most certainly reduced fresh water supplies. As a professional engineer with a master’s degree in water resource development, I know we can do a much better job of conserving and protecting our water supplies. We’ve lived too long with the idea of unlimited water abundance, and now we need to change our ways. It’s not too late for us to start looking at our water resources as finite, precious, recyclable and deserving of far better treatment.

[image: 004]

FIGURE P.1 For centuries, the aqueduct has symbolized water supply from rivers to distant cities.

Fortunately, change in our antiquated approach to developing and using water resources is well underway, at local, national and international levels. I hope that this book will give readers information that’s accurate, timely, specific and motivating. In fact, I hope that you will take this information and put it to use in your own buildings, facilities, factories, hotels, hospitals, homes, schools and campuses, to reduce water use and to advocate for more enlightened policies and programs wherever you can.

As a country, and as a world, we need to get moving to dramatically change how we deal with water issues in the built environment. By profiling a large number of successful projects, programs and technologies, by demonstrating the business case for water efficiency, and by featuring the wide range of specific strategies reducing water use in cities, I hope to motivate you, the reader, to begin taking action now wherever you live, to prevent the next big urban water crisis.

Jerry Yudelson 
Tucson, Arizona 
Sonoran Desert Bioregion, January, 2010






1

A Short History of Water

Whiskey’s for drinking,  
water is for fighting over.1

 

 

 

 

IN THIS CHAPTER you’ll learn a little of the fascinating history of water and civilization and how politics, economics and water have been part of the history of the US, especially of the West, from the very beginning. The chapter also points out that water is not just for people, but natural water flows are a critical part of a healthy environment, something that water planners, politicians and engineers have mostly ignored, not just in North America, but throughout the world.




 That’s All There Is: There Ain’t No More 

We live on a watery planet, with seawater constituting some 97 percent of Earth’s total water supply, undrinkable without considerable cost and energy expense, leaving 3 percent as fresh water. Most (two-thirds) of the world’s freshwater supply is locked up permanently in ice caps, with less than 1 percent available as surface water, as shown in Figure 1.1. Of all surface water, only 2 percent is readily available in rivers; the balance is found in swamps and lakes. Of course, all surface waters require pumping and treating before we can use them.

The good news, of course, is that the Earth’s fresh water is always available, a renewable resource evaporating from the oceans and falling as rain over land before returning to the oceans or atmosphere, a phenomenon  known as the hydrologic cycle, shown in Figure 1.2. Solar energy drives this endless cycle with the sunshine falling on our planet, and thankfully, we’ve had four billion years without a sunshine shortage! Unlike solar energy, where the amount of sunshine falling on the planet is several thousands of times more than our current energy demands,3 the amount of available fresh water is already less than our needs in many parts of the world.

[image: 005]

FIGURE 1.1 Very little of the Earth is fresh water and much of what remains is mostly inaccessible for people’s needs.2
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FIGURE 1.2 Driven by solar radiation, water cycles endlessly between ocean and land.

Even though endlessly renewable, water supplies are inherently finite in the short term. One way to understand this is to realize that no new freshwater supply has been created since the beginning of recorded time. Moreover, in many places, humans have essentially been “mining” groundwater for farms, buildings and factories, using up both current resources as well as water left over from eons ago that will take ages to be recharged.4 We’ve taken a once renewable resource and a finite stock of fossil water5 and have made it a non-renewable resource, much as we’ve done with hydrocarbons from the Jurassic era, 65 million years ago. This book will show you how we can bring our water use back into balance with our available supplies, and for most urban places, the first step is to stop using so much water. As many have noted, when you’re standing at the edge of a cliff, the first act of wisdom is to take a step back, to move away from the precipice!




 Water, Soil and Civilization 

Water, soil and civilization have been intricately intertwined since the dawn of time.6 The ancient great civilizations of Egypt, Mesopotamia and India relied on strict social controls over water to promote a productive irrigated agriculture. With the exception of Egypt, all early civilizations disappeared because of their misuse of water and soil; for millennia in Egypt, the annual Nile flood brought new topsoil to agriculture along the lower Nile Valley. In the United States, westward migration brought about a loss of topsoil, as farming took over the fertile prairie grasslands. The Dust Bowl era of the 1930s, a time of record droughts that led to massive dust storms, from which soil from the Midwest blew onto the steps of the US Capitol in 1935, brought about new laws and a new ethos of soil conservation that began to reclaim the productivity of the land.7 To live sustainably in North America, we must relearn the lessons of every civilization: a country that destroys its soil and degrades its water resources is slowly committing environmental, economic and social suicide.




 Water in the American West 

Water has always been scarce in the American West, with an annual rainfall dropping below 20 inches west of the 100th meridian, a line roughly 250 miles west of Omaha, Nebraska.8 Because of this geographical fact, water law and politics in the West are quite different from those in the more humid East, where rain falls every month of the year. In the West, long droughts and months without rain are quite common. On the West Coast of the United States, for example, the rainy season typically runs from November through March, with little or no rain from April through October.9 For  this reason, most crops in the West must be irrigated in summer with water captured during the rainy season. This fact led to the construction of many water supply dams during the previous century, a few of which are now being removed to restore migrating habitats for fish.

In the West, conflicts over water rights have been the rule for more than 150 years. Water conflicts abound even today, for example, between Native American water rights and water uses for agriculture, mining, industrial users and cities.10 We fight over dams, fish, wells and just about anything that involves diverting water from streams or underground. These conflicts will intensify in the future, as a growing population fights for control of a dwindling resource. In the Colorado River basin, seven states were allocated water rights in 1922, based on what we now know as record years of high flows. Long-term average stream flow in the Colorado may be as much as 20 percent below current allocations. Americans continue to fight with Mexico over the quality of the remaining 1,500,000 acre- feet11 of water that flows past Yuma, Arizona, into Mexico on its way to the Sea of Cortes, a quantity that a 1944 treaty requires the US to deliver.12

But many societies have even less water and more contention than the American West. Considering how rivers demarcate many boundaries between different countries, with some controlling all upstream flows, the potential for conflict is clear. For example, the Tigris and Euphrates rivers have their headwaters in Turkey, then flow though Syria and Iraq into the Persian Gulf. At this time, Turkey’s plans to build water supply and hydroelectricity-generating dams on the upper reaches of the Tigris, to enhance agriculture in southeastern Turkey, are causing significant concern in Iraq, which already has trouble getting enough water for its people.13 Today, the flow in the Euphrates River is significantly smaller than just a few years ago.14

In the fictional world of Dune, Frank Herbert’s 1965 science-fiction masterpiece, the desert planet of Arrakis is so dry that the local inhabitants, the cave-dwelling Fremen, have complex rituals and systems focusing on the value and conservation of water. They conserve the water rendered (distilled) from the dead and consider tears as the greatest gift one can offer to the dead. Herbert’s world is one of a vast, dry, sand-dune ecology that in some ways resembles the world of Mars, as it was known before unmanned exploration of the Martian surface began.15 In many ways, it presages what will likely happen in the 21st century: as water becomes more precious and scarcer, driven by continued population growth and accelerated global warming, water wars may well erupt between neighboring countries, or along entire river basins.

In his classic poem, “The Rime of the Ancient Mariner,” Samuel Taylor Coleridge gave us the indelible memory of a seafaring man driven mad by his rash act of killing an albatross that was bringing good luck. The classic line, “Water water everywhere, Nor any drop to drink,” describing his fate of being becalmed without freshwater in an ocean full of salt water, and being unable to satisfy his thirst, is indelibly etched in the memory of everyone who ever had to read this poem in an American high school.16 We live in a world similar to the Ancient Mariner’s, surrounded by oceans, but unable to drink much of it without great expense.

In the deserts of the American Southwest, prior to the European invasion of the 16th and 17th centuries, many Native American tribes made a living with irrigated and even dryland agriculture. Some civilizations flourished for many centuries but were eventually forced out by periods of both drought and extensive flooding. The hydrology of desert areas is characterized by long droughts, some up to a quarter-century long, and by sudden massive downpours, leading to flash floods that, in the case of the Hohokam civilization of the Salt River Valley of Arizona (the present Phoenix metropolitan area), wiped out their extensive system of irrigation canals. Some experts speculate that excessive salinization of the soils caused by the leaching of salts from high groundwater tables destroyed the fertility of the soil.17  A similar situation occurred in Pakistan in the 19th and 20th centuries, in the Indus River Valley, compounded by a saline groundwater and flat topography. Such salinity can only be cured by massive drainage of the soil, to carry away salts from the upper layer of soil.18

At the Mesa Verde National Park cave dwelling in the Four Corners area of the Southwest, one can see evidence of a successful Native American civilization that succumbed to a long drought near the end of the 13th century. Tree ring studies, which originated nearly 100 years ago as the science of dendrochronology,19 has allowed researchers to compile records of rainfall in the desert Southwest going back well over 1,000 years. These records show extensive periods of drought, enough to drive away a civilization dependent on irrigated agriculture. In modern times, much of the Southwest depends heavily on flows in the Colorado River, which show considerable historical variation. In fact, the currently allocated flows in the Colorado, especially among the “lower basin” states of Arizona, Nevada and California, significantly exceed historically measured flows, a situation that has led to long-standing feuds between these states.

But, as you will read in the case study of water issues in the Atlanta area (Chapter 3), even wet regions can have water feuds. The states of Georgia,  Alabama and Florida are currently fighting over rights to water from the Chattahoochee River, which forms the border between the southern parts of Alabama and Georgia, and which, as the Apalachicola River, flows into the Gulf of Mexico through the Florida Panhandle.20 In 2009, a federal judge ruled that Atlanta had no water claim on Lake Lanier, a reservoir on the upper Chattahoochee that supplies the city with much of its drinking water. Florida claims that Atlanta’s voracious use of water reduces freshwater inflows to the Gulf of Mexico so much that it harms the livelihood of oyster harvesters there.21




 Water Variability 

Rainfall and stream runoff are highly variable, making water a renewable resource dissimilar from solar power that is relatively constant in both space and time. Early in my career, I studied water resources engineering at Harvard University and learned about water’s extreme variability in both space and time through the work of the late Professor Myron Fiering, whose book Streamflow Synthesis22 was an original analysis of the extreme range of stream flows. Rainfall and runoff are characterized by statistics of extreme events (something we have seen in the 2008–2009 global financial crisis23). By contrast, in the “normal distribution” (the classic bell-shaped curve most of us remember from statistics class) of outcomes, like rolling dice or assessing people’s heights, most events occur near the middle (average) with fewer than five percent occurring outside two standard deviations. Water flows don’t follow those rules; as a result, planning for future water supplies must deal with more dramatic and unexpected events.

The Los Angeles metropolitan area, the country’s second largest, is almost completely dependent on water imported from hundreds of miles away to smooth out its natural variation in annual rainfall, shown in Figure 1.3. Observe, for example, that between 2004 and 2006, rainfall varied by a factor of 12, with totals ranging from 3.2 inches to 38 inches! Without imported water from the Colorado River to the east, from the Owens Valley east of the Sierra Nevada and from the California Aqueduct to the north, which brings water from the western side of the same Sierra Nevada range, Los Angeles would still be the small semi-arid town it was 100 years ago, when the population barely topped 300,000, less than ten percent of today’s nearly four million.24
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FIGURE 1.3 Annual rainfall in Los Angeles has varied by a factor of nearly 12 over a recent decade.25




 California Water Wars 

The growth of Los Angeles, greatly facilitated by imported water for the past 100 years,26 is the stuff of legend; witness the movie Chinatown (1974), inspired by the water war between the Los Angeles metro area and the rural Owens Valley, left high and dry by the city’s theft of its water in 1913.27  Without imported water, other important western cities such as Phoenix, Las Vegas and San Diego would still be small towns, limited by the annual rainfall and surface runoff in their desert and semi-arid coastal regions.

California’s water battles continue even today, intrastate as much as interstate. After nearly 50 years of political standoff between Northern California, which has most of the water but only about 30 percent of the state’s population, and Southern California, which needs more water, the California Legislature in 2009 passed several new water laws, one that provides for an $11.1 billion bond for water supply and related environmental conservation measures.28 The severe statewide drought of 2009 forced the issue; as Dr. Samuel Johnson observed: “When a man knows he is to be hanged in a fortnight, it concentrates his mind wonderfully.” 29 For the first time, state law now requires urban water conservation of 20 percent by 2020, based on water consumption. (Each city can choose its own baseline year, from 2004 to 2008, so similar cities may adopt different policy measures depending on where they place the starting point.) Additionally, the package of five bills provides for new water reservoirs in the Sierra Nevada and may lead to a “peripheral canal” around the Sacramento-San Joaquin River Delta. California voters must still approve bonds for funding of the new water projects, in an election that will be in May 2010.30




 Water and the Environment 

The California water wars derive, at least in part, from a series of federal court decisions protecting the environment of the Sacramento-San Joaquin River Delta, a vast wetland of high biological productivity, from  water withdrawals that would induce salt water to move inland from San Francisco Bay to the freshwater Delta. Wherever we look at water issues, we also find environmental issues. They are inseparable. By treating surface water as a “free good,” we ignore the “ecosystem services” provided by free-flowing rivers. For example, in the Pacific Northwest, a century of dam-building in the Columbia River basin and its tributaries has decimated the native salmon runs, so that most of the free-ranging salmon still left in the region originate in small coastal rivers along the Pacific Ocean. Fresh water provides habitat for fish and wildlife, even in the Sonoran Desert, where the San Pedro River in southeastern Arizona passes through the San Pedro Riparian National Conservation Area.31 In the future, water supplies will be constrained by the need to provide protection for ecosystem services, a subject too vast for this book.




 Summary 

With the world’s population increasing almost fourfold, from about 2.5 billion in 1950, to an expected 9.3 billion in 2050,32 water and soil resources have come under unprecedented stress in every country. Simply feeding all these people will require major increases in water withdrawals, even more dramatic than those from 1961 through 2001, shown in Figure 1.4. In the US, with a projected population increase of nearly 110 million between 2010 and 2050,33 we will have to be more concerned with the quantity and quality of urban water supplies and agricultural productivity than at any time during the past 50 years.
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FIGURE 1.4 Spurred by population and economic growth over the past 50 years, the rate of water withdrawals worldwide continues to increase.34

Water is both a renewable and a non-renewable resource. Thanks to the sun, the hydrologic cycle is constantly “making” water flow again as rain; however, there are times and places where water is being consumed faster than it is being renewed. Variations in precipitation, such as droughts, drain groundwater reserves and make fresh water availability even more precarious. Intellectually we know that life and the health of the environment depend on water, but that fact is easy to forget when most of us in North America have inexpensive drinking-quality water available at the flick of a wrist just about everywhere we go. Looking back at history helps to call attention to water’s effect on past civilizations and helps us understand cultural and political animosity over ownership, so we aren’t condemned to repeating past mistakes. In this book, you will find many reasons for hope, learn about promising new technologies and management approaches and discover many things that you can do to offer positive solutions to the urban water crises that lie before us.






PART I

THE COMING WATER CRISIS
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Patterns of Water Use

More than one-half of the world’s major rivers
 are being seriously depleted and polluted,
 degrading and poisoning the surrounding
 ecosystems, thus threatening the health and
 livelihood of people who depend upon them.1

— Ismail Serageldin,
 Chairman of the World Commission
 on Water for the 21st Century

 

 

 

 

IN THIS CHAPTER, we look at where water comes from, how it is allo cated among various uses and how much each individual uses. We’ll look briefly at water use in cities, homes and offices, compared with other uses such as agriculture and food processing. We’ll also look at a very interesting new idea that extends water use, going beyond the direct consumption of various end-users, to consider the total “water footprint” of various products.

Where does our water use go? In most of the world, water is used primarily for agriculture and food production; secondarily for mining, electric power and industrial production and lastly for buildings (homes, offices, schools, colleges, retail and the like). While this book focuses on the smallest category of water use, it is nonetheless important because it’s the use in some ways that is the easiest and most cost-effective to change.




 Freshwater Withdrawals 

Let’s take a look at water use in 2005 in the US (the most current data available at this time).2 According to the US Geological Survey, 2005 freshwater withdrawals were about 350 billion gallons per day (Bgpd), with 270 Bgpd from surface waters and 80 Bgpd from groundwater. Of these withdrawals, about 41 percent was used for thermoelectric (mostly coal-fired and nuclear) power plants, typically for “once-through” cooling (so most of the water was not “lost” or “consumed” except for some evaporative losses totaling about 10 percent of total withdrawals). You can see already that without water, little energy production is likely to occur. Water withdrawn for irrigation was 128 Bgpd, about the same as in 1970, indicating that agricultural water use has become much more efficient since that time. (Excluding power plants, agriculture accounted for 62 percent of all freshwater withdrawals in the US.) Water withdrawals for public water supplies were 44 Bgpd in 2005, about 13 percent of the total. Table 2.1 summarizes the available data on freshwater withdrawals in 2005.

Water use also varies dramatically by location, as shown in Figure 2.1. The average water use for household and commercial use in the US is 150 gallons per capita per day (gpcd). But the range is from about 100 gpcd in Vermont, where not much irrigation is needed, to more than 300 gpcd in Nevada, where irrigation is needed for almost everything, due to scant annual rainfall. As we’ll see later in this book, the real variable in urban water use is the amount of water used for landscape irrigation, including small-scale food, fruit and flower growing.




 Water Pricing and Water Demand 

Water use is also determined to some degree by what people have to pay for water. Figure 2.2 shows national variations in water rates. The most expen-sive water prices are in Western Europe, with Germany the highest at above $1.50 per cubic meter (265 gallons, or about $5.66 per 1,000 gallons), with the average US rate about one-third of that, about $0.50 per cubic meter ($1.89 per 1,000 gallons). In Western Europe, taxes account for much of both water and energy prices, a typical measure used by governments to reduce demand for these commodities (and to increase revenues).

TABLE 2.1 Freshwater withdrawals in the US, 2005, billion gallons per day (Bgpd).
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FIGURE 2.1 Average water use varies by state, from a low of 100 gallons per capita per day (gpcd) to a high of more than 300 gpcd.3
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FIGURE 2.2 Average water prices tend to be quite a bit higher in Western Europe than in the US or Canada. Prices have a significant influence on water demand.4

We’ll find out later in the book that marginal water prices (what you pay for the highest quantity, or tier, of water use) are even more important than  average water prices in determining demand for water in cities. This result is in line with the thinking of most economists, which is that once we go beyond the 30 gallons per day or so that we need for drinking, cleaning and washing, water is an economic commodity whose use is determined primarily by its cost. We also recognize that cultural factors play a major role in determining water use: washing cars in the driveway, irrigating lawns in the desert and running the sprinklers of commercial buildings on a fixed daily schedule regardless of rainfall or soil moisture. For example, it’s common in older sections of Phoenix to “flood irrigate” lawns in the intense heat of the desert summer, so they’ll stay green all year round.

I live in Tucson, a metro area of a million people in the hot, arid Sonoran Desert of southern Arizona. A single-family homeowner in the city of Tucson will pay $1.86 per 1,000 gallons for the first 11,000 gallons of monthly use, but then will pay $6.86, nearly four times as much, for all subsequent water use.5 This is an example of a fairly extreme increasing block rate pricing mechanism that water agencies use to dampen consumer demand in water-short cities. From my viewpoint, rationing by price is far more effective and much fairer than rationing by regulation to reduce demand. Price signals lead to permanent behavioral changes, investments in more efficient irrigation systems, changes in landscaping to reduce water use and purchases of water-efficient appliances and fixtures, whereas rationing by government edict is usually viewed as a short-term unpleasant measure and typically doesn’t really result in permanent changes in water use psychology or practices.

Water prices also vary dramatically according to who is providing the water and who is using it. In the US, government projects subsidize agricultural water use, with users paying as little as $10 per acre-foot, about one-third of a million gallons ($0.03 per 1,000 gallons), about 1.5 percent of my first-tier water cost, with urban users paying an average of $450 per acre-foot ($1.50 per 1,000 gallons). In California, agricultural water prices in 2000 ranged from $10 per acre-foot to more than $100 per acre-foot, still substantially less than urban water costs.6




 Water Use in Buildings 

This book has a substantial focus on urban water uses and what you can do to reduce urban water demand and prevent the next water crisis in your town, city or state. Water use patterns are complex. Understanding them is the first step toward designing effective strategies to reduce water demand.  Consider Figure 2.3, which shows the various end uses of water in five different types of commercial and institutional buildings.

Hospitals and office buildings have the largest percentage of water use for heating, ventilating and air conditioning (HVAC), which you might have guessed, whereas restaurant water use is heavily concentrated in the kitchen. For schools, the largest water users are restrooms and showers, which you might expect, but almost as large a water user is landscaping, which you might not have expected. In hotels, water use is more balanced between laundry, kitchen, landscape and showers, and HVAC is a lesser contributor, perhaps because many of the rooms are unoccupied during the day. It’s easy to see that some of the significant water uses may stem from older, inefficient fixtures, such as restrooms in restaurants, whereas others are built into the very fabric of the enterprise, such as laundry in hotels, HVAC in office buildings and restrooms and showers in hospitals.

Effective policies for reducing water use in these varied end-use categories should combine price signals, fixture and appliance retrofits, behavioral changes and incentives for purchasing newer equipment. In this book, you will discover that each water conservation measure is effective in particular circumstances and with particular end-users, meaning a comprehensive water use reduction program must encompass a wide variety of measures.
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FIGURE 2.3 End-use demands vary greatly in commercial buildings, and in some surprising ways. Courtesy of Environmental Building News; data from American Water Works Association.




 Your Water Footprint 

Good water conservation management is essential to prevent drought from crippling a major city. However, water use patterns are integrated with lifestyle choices, economic values and even the foods we eat and the beverages we drink. An emerging idea, the “water footprint” looks at water consumption through a broader lens. In the broadest sense, a national water footprint shows not only water use inside the country, but also the induced or indirect water use in the products imported. According to the Water Footprint Network:

The water footprint of a nation is defined as the total amount of water that is used to produce the goods and services consumed by the inhabitants of the nation. Since not all goods consumed in one particular country are produced in that country, the water footprint consists of two components:• Internal water footprint, i.e., the water use inside the country for consumption.
• External water footprint, i.e., the water use in other countries for production.



Traditional water use statistics show the water supply per sector (domestic, agriculture, industry). The approach has always been supply and producer-oriented. The water footprint concept [was] introduced to have a demand and consumer-oriented indicator as well, including not only the water used within the country but also the virtual water import.7



Similarly, a company’s water footprint refers to the total volume of fresh water that is used directly and indirectly to run and support the business, consisting of direct water use in its own operations plus the water used by the company’s suppliers. If a company takes in agricultural products, for example, to make its product, it can have a supply-chain water footprint much greater than the operational footprint.8 Consider a very common product, beer. A liter of beer can have a very large water footprint, as shown in Figure 2.4, one that will vary depending on whether the crops that make the beer come from irrigated or non-irrigated sources. In this case, beer makers in South Africa must rely on the products of irrigated agriculture, which is a much greater water user, while beer makers in the Czech Republic can rely on mostly non-irrigated crops to make their beer. Proponents of water footprint accounting hope that you will eventually use this criterion to decide  which beer to buy. South African beer makers, of course, hope that you will chug-a-lug without regard to the water footprint of the malt and hops.
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FIGURE 2.4 If you’re going to drink beer, be aware that it carries a large “water footprint.” 9

Figure 2.5 shows the water footprint of common foods, such as meat, grains, fruits and other vegetables. In all cases, the water footprint of meat is two to five times that of vegetables, fruits and grains, lending an additional benefit to the choice of a vegetarian diet, or one in which animal products are condiments, not main dishes. Of course, there are other beneficial food choices, such as that of “locavores” who want to eat only food grown close to where they live, within a radius of 100 to 250 miles.10 In the same way, an “aquavore” is someone who wants only to use water that actually falls on or near his or her property (but more on that later in the book).
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FIGURE 2.5 Animal protein might be very beneficial, but a primarily carnivorous diet has a much larger water footprint than a mostly vegetarian diet.11




 Summary 

To avert urban water crises, as a society we need to reduce our total water footprint by modifying our patterns of water use. An awareness and understanding of water withdrawals as well as national and personal demand patterns will go a long way in assisting with that effort. City, state and regional water agencies are leading this charge by implementing programs and incentives to encourage individuals and businesses to reduce their water usage. The next chapter looks at what happens when an entire country, in this case Australia, undergoes a major drought brought on by the effects of climate change. We also look at recent drought responses by two major US cities, Atlanta and San Diego.
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 Urban Water Crises

Water is the only drink for a wise man.1

— Henry David Thoreau

 

 

 

 

URBAN WATER CRISES are not just a thing of the future, they are happening all around us as long-term reductions in rainfall and runoff tie in with short-term multiyear droughts. In this chapter, you’ll read case studies of three crises, in three very different regions: Australia, which has endured its most severe drought in history; Atlanta, whose water supplies are under stress from both drought and water fights with neighboring states; and San Diego, at the end of a long pipeline bringing water to Southern California, which dealt with a statewide drought in 2009. From these crises we can learn lessons for handling future droughts in urban areas of the US and Canada.




 Australia: Drought of a Lifetime and an Early Warning to the US 

Australia’s current multiyear drought is the most devastating in the country’s 117 years of recorded history. Australia was already the most arid inhabited continent in the world,2 and most are pointing to climate change as the main culprit of the current drought.3 Increasing temperatures (1.35°F over the past 15 years) caused greater evaporation from vegetation and reservoirs, depleting further already penurious water supplies.4 Some authorities are warning of permanent drought in certain areas. Figure 3.1 shows a  map of the major cities of Australia and of the Murray-Darling River system, a key water source.

The country’s water supply was precarious before the drought. Agricultural irrigation overuse and other restrictions have altered flows in the 1,600-mile Murray River, a major water resource. Flows have been as low as 25 percent of capacity while salinity levels have surged beyond the World Health Organization’s (WHO) recommendations for safe drinking. The acceptable level of salinity for safe drinking water, according to WHO, is 800 EC (electrical conductivity) units, but the salinity in parts of the Murray is now around 1,200 EC units. If salinity levels rise to 1,400 EC units, the water authority will be forced to import water.5

In Western Australia, inflows to Perth’s largest reservoir have fallen 75 percent from an 85-year average of 320 gigaliters (GL) (84.5 billion gallons) per year to about 80 GL per year since 2003 and as low as 60 GL in 2007. Even with extensive conservation measures and a planned increase in treated wastewater reuse from 13 to 30 percent, the region requires new supply sources such as seawater desalination. Perth is often described as the most isolated large city in the world, some 2,000 miles away from the next largest city, Adelaide. There is nowhere else to look for water, except to the sea. One explanation for the region’s drought is a shift in weather patterns caused by higher ocean water temperatures that has moved storm tracks south toward Antarctica and away from southwest Australia.6
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FIGURE 3.1 Australia’s major cities all lie near the coast in areas hard hit by the country’s decade-long drought.


Drought Side Effects 

Not only has the cost of water increased and available supply decreased, the ongoing drought is also blamed for a reduction in food reserves and an increase in potential health risks. Australia’s food reserves are at their lowest level in 30 years, while population continues to rise. This situation is not unique to Australia. World food demand is predicted to double by 2050, while the amount of available water for irrigation is predicted to shrink by almost 50 percent. Many observers blame increased water draws from cities, combined with climate change.7 Of course, one disturbing implication of this forecast is that food prices will inevitably rise, making it more difficult for the world’s population to get enough to eat without massive government subsidies.

Increased collection of rainwater and changes in temperature and rainfall could lead to more outbreaks of dengue fever, the most common insect-born viral infection in tropical areas. Dengue-fever-carrying mosquitoes reproduce in stagnant water, and experts predict a growth in the number of breeding cycles with rising temperatures.8
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FIGURE 3.2 Water flows in the Murray-Darling River system, critical to agriculture as well as ecology in southeastern Australia, have diminished greatly during the country’s drought.


National Response 

National Water Initiative (NWI), the country’s “blueprint for water reform,” was established in 2005 by the Council of Australian Governments.9 Administered by the National Water Commission, NWI is a shared commitment by national and state governments to develop a cohesive approach to the managing, pricing, planning and trading of water. Each state and territory government is required to prepare an NWI implementation plan that outlines their water management strategy.10

In 2008, the Australian government introduced Water for the Future, a national plan that integrated rural and urban water issues to secure the country’s long-term water supply. The $12.9 billion plan has four priorities: taking action on climate change, using water wisely, securing new water supplies and supporting healthy rivers. Besides policies and programs, a key focus of the plan is the Murray-Darling River Basin; the plan will establish a sustainable and legally enforceable limit on surface and groundwater extractions within the Basin.11

Over the past three years, most major urban areas instituted water restrictions, both permanent and temporary, based on rainfall, reservoir storage levels and other conditions. According to the National Performance Report 2007–2008, the average volume of water supplied to urban residential customers fell by 37 percent over the prior six-year period.12 Brisbane Water recorded the largest reduction, 50 percent.13


Effect on the Economy 

The water and wastewater treatment sector has annual revenues of about AUD$4 billion (US$3.7 billion). Ninety percent of the country’s 20.8 million people are connected to a public water supply, and 85 percent are connected to one of the 700 sewage treatment plants. The drought has severely affected the farming industry; economists estimate that it has reduced the country’s GDP by 1 percent.14 Australian utilities reported a net profit decrease of AUD$1.73 billion in 2006–2007 and AUD$1.26 billion in 2007–2008. Water rates are expected to increase owing to reduced consumption combined with increased costs.15 (This is a phenomenon that water utilities in North America are also encountering and one that is fraught with political consequences, since higher water rates affect everyone’s budget.)


Product Labeling and Innovation 

Requiring the use of more water-conserving plumbing is one component of the solution to what appears to be a permanent problem for Australia. A first start has been to label devices to indicate their water use. The Water Efficiency  Labeling and Standards (WELS) Scheme is a mandatory regulatory rating system based on the 2005 Water Efficiency Labeling and Standards Act. Showers, sinks, toilets and urinals manufactured or imported after July 2006 are required to carry a WELS label. Products are awarded zero to six stars based on the product’s water efficiency.16

The “Smart Approved WaterMark” is a labeling scheme for products and services that reduce water use in and around the home.17 To receive a WaterMark label, products are reviewed by independent certifying authorities and must meet the requirements of the Plumbing Code of Australia and the specifications listed in relevant Australian Standards. The requirements are focused on the quality of the product, including health and safety characteristics, and confirm that it is fit for its intended use. Some state and territory plumbing regulations require the WaterMark certification before such products can be installed. More than 160 products and 17 services carry the WaterMark label.18

Drought and water restrictions have been the inspiration for some creative water-saving products. One of the recently WaterMark labeled products is the Every Drop Shower Saver, a paddle-like device that can be inserted into the base of an existing shower arm. It can pause the flow of water from the shower without turning the tap off and on again, or having to readjust the water temperature and pressure. The Squeaky Green Total Waterless Car Wash, also WaterMark labeled, includes biodegradable gloves and cloths for washing, waxing and polishing without the use of water. Smart Approved WaterMark services include irrigation consultants, waterless car cleaning services and plumbing certification programs.19


Industry Response to Drought 

In 2007, the Plumbing Industry Commission of the state of Victoria developed the PlumbSmarter project that aims to “to identify strategies for tackling environmental sustainability through changing the framework and operation of the Victorian plumbing industry — and to begin pursuit of the strategies.”20 The PlumbSmarter report, Path to a Greener Plumbing Industry , contains contributions from more than 300 plumbers. The water- and energy-saving opportunities discussed in this report range from specific changes in plumbing practices and products to broad proposals that influence the nature of the industry. The report is organized into the following areas for action:• Sustainability skills for plumbers in Victoria
• Innovation gateway
• Knowledge bank 
• Hot water systems
• Fire sprinklers
• Swimming pools
• Sustainable plumbing systems design



PlumbSmarter estimates that plumbers in Victoria will deliver 200,000 sustainability retrofits, sustainability audits and information kits to homes and small businesses. As a result, the state will save an estimated four billion liters (1 billion gallons) of water per year directly as a result of the retrofits made over a five-year period based on the strategies identified in the report. 21


Wastewater Treatment and Third-pipe Systems 

Western Australia’s Department of Water’s State Water Strategy set a short-term target to recycle 20 percent of all wastewater by 2012; as of 2009, total wastewater recycling exceeded 13 percent. The long-term goal for wastewater recycling in Western Australia is to exceed 30 percent.22

In Sydney, many new homes are being outfitted with “third-pipe” circulation systems. These systems carry recycled water to homes from water recycling plants for typical graywater uses such as toilet flushing. Australia’s largest residential recycling plant, Rouse Hill, supplies recycled water to more than 16,500 homes in Sydney. The plant, which began operation in 2001 and produces more than 1.9 GL (500 million gallons) of recycled water per year for reuse, is undergoing an AUD$52 million expansion. Capacity will be increased by an additional 4.7 GL (1,240 million gallons) per year of recycled wastewater for use in new housing developments in Sydney’s suburbs.23


Targeting High Water Users 

In South East Queensland, home to 14 percent of Australia’s population, residential water use dropped from 70 to 34 gallons per person per day in 2007–2008, owing to voluntary conservation and water-use restrictions. By comparison, the average per capita per day use in California is 135 gallons. 24 These savings were not a result of conservation programs alone. The Residential Excessive Water Users Compliance Program, initiated by the local water agency, targeted the highest-water-using households. Beyond providing water conservation information, the program also required those households to account for their consumption and provide reasons for excessive use. In 2005–2006, 37 percent of households used more than  210 gallons per day; in 2007–2008, as a result of the program, the number of excessive users fell to 6.8 percent.25


Water Use in Commercial Buildings 

The commercial and institutional sector accounts for nearly half of the country’s non-agricultural water use, while offices and other commercial buildings are responsible for 11 percent of municipal water use. Wastewater produced by the commercial sector as a result of doing business (not from toilets and sinks) is called “trade waste water,” and it makes up 10 to 15 percent of the country’s sewage flows. Commercial water supply and discharge are a primary focus of governmental water management strategies. For example, the state government of New South Wales created a four-year AUD$120 million fund to help businesses implement water-efficiency and recycling projects. Also in New South Wales, as one example, the Metropolitan Water Plan includes initiatives to encourage participation in Sydney’s water and wastewater industry by simplifying the process of sewer mining  (treating and recycling wastewater).26 (See Chapter 10 for an extended discussion of sewer mining.)

In 2003, the Green Building Council of Australia released the Green Star system that rates the environmental attributes of buildings based on nine categories including water management. One office building rated at the highest level of the Green Star system (6 Star) reduced potable water use 90 percent, compared to a typical building, through blackwater recycling, sewer mining and a cooling system that uses harbor water instead of cooling towers. A 6-Star-rated shopping center reduced potable water use by 62 percent by using a rainwater harvesting system designed to supply 100 percent of the project’s water needs for irrigation, toilet and urinal flushing and cooling tower makeup water.27


Securing Future Water Supplies 

Since most of Australia’s population lives near the ocean, nearly every state is implementing or seriously considering desalination. The first large-scale desalination plant opened in April 2007 in Perth and supplies 45 GL (12 billion gallons) of water per year. Western Australia is planning a second plant, projected to have a 50 GL per year capacity. In Sydney, the local water utility, Sydney Water, expects that 15 percent of its water supply will come from desalination by 2015.28 A new AUD$1.9 billion plant to supply 250 million liters (66 million gallons) of drinking water per day (90 GL per year) to Sydney Water customers is expected to be operational by summer  2010. A 67-turbine wind farm will supply the plant’s energy needs.29 In East Queensland, the Gold Coast Desalination Plant supplies more than 135 million liters (36 million gallons) of drinking water per day.30 A number of other plants are under construction (or under serious consideration) around the country.31

The Australian Guidelines for Water Recycling first appeared in November 2006. Phase 1 focuses primarily on the industrial and agricultural sectors but anticipates that recycled sewage water will be used for drinking purposes in the near future. For example, the Western Corridor Recycled Water Project in Queensland, one of the country’s largest completed projects, plans to supply drinking water when dam levels fall below 40 percent. Other utilities such as Sydney Water set targets to increase recycled water use, with Sydney Water’s planning to supply 70 GL per year (18.7 billion gallons) of recycled water by 2015.32

Sewer mining, the process of extracting wastewater from urban sewers and treating it onsite for reuse as recycled water, is still in the initial stages of consideration and adoption. The development of additional non-potable water supplies through sewer mining would reduce the demand for potable water.33 Melbourne’s 6-Star Green Star building, Council House 2, already has implemented this approach for a 9-story public office building, using an in-house treatment system to provide recycled wastewater for toilet flushing, a roof garden and other uses. (See Chapter 10.)




 Atlanta: Facing the Prospect of Continuing Water Shortages 

The Metropolitan North Georgia Water Planning District (Metro Water) serves 16 counties and more than 90 cities in and around the Atlanta metropolitan area, delivers approximately 652 million gallons of water per day. Metro Water District relies on surface water (streams, rivers and lakes) for 98 percent of its water needs, with the Chattahoochee River Basin providing about 70 percent of the district’s total water supply.34 The Atlanta region averages 50 inches of rainfall each year; however, the district periodically experiences extreme drought, such as in 2003 and 2007–2008. The impacts of drought periods for north Georgia are severe because the region does not import any water and relies mostly on surface water supplies.35

In September 2007, Georgia’s Environmental Protection Division (EPD) imposed Level 4 drought restrictions, banning most types of outdoor water use in northern Georgia. The greatly depleted Lake Lanier (Figure 3.3) came to symbolize the seriousness of one of the worst droughts in the region’s history.
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FIGURE 3.3 Lake Lanier, the primary water supply reservoir for metro Atlanta, was heavily affected by a recent drought.

The EPD officially lifted drought watering restrictions on June 10, 2009, after the second-wettest spring on record significantly replenished the region’s lakes and reservoirs.36 Upon announcing the end of the drought, Carol A. Couch, EPD Director, stated, “The decision to ease outdoor watering restrictions should not be seen as a license to waste water, but as a vote of confidence in Georgians’ ability to conserve and use water efficiently.” 37

As the state transitions from mandatory drought management to more voluntary water conservation, district, local and state water officials in Georgia intend to achieve sustained water conservation savings by continuing to foster positive water use choices. This includes developing a “culture of conservation” in the region.38 In fact, the Metro Water District’s Water Supply and Water Conservation Management Plan shows that, without aggressive ongoing water conservation, water usage will reach the limits of projected available supply by 2030.

The Metro Water District’s Water Conservation Actions expect to reduce average annual water demand by an estimated 20 percent, to satisfy  the needs of a growing regional population and to guarantee reserve water supplies through 2030.39

The District’s planned Water Conservation Actions include:• Establish conservation pricing by all District water utilities.
• Replace older, inefficient plumbing fixtures.
• Require pre-rinse spray-valve retrofit education programs (for commercial users).
• Enact legislation to require rain sensor shutoff switches on new irrigation systems.
• Require unit sub-meters in new multifamily buildings.
• Assess and reduce water system leakage.
• Conduct residential water audits.
• Distribute low-flow retrofit kits to residential users.
• Conduct commercial water audits.
• Implement education and public awareness plans.40 



The water conservation framework and objectives established by the Metro Water District guide the formation of specific water policies enacted by local water agencies, such as the City of Atlanta’s Department of Watershed Management.


Water Management in the City of Atlanta 

Mayor Shirley Franklin created the City of Atlanta’s Department of Watershed Management (DWM) in September 2003 to consolidate the city’s drinking water, sewer and stormwater management services. This marked the de-privatization of Atlanta’s water system from United Water, a private water corporation that secured a water management contract with the City of Atlanta in 1999.41 The DWM serves 142,000 accounts with over 2,400 miles of pipe in the distribution system, some of which was first built in the 1870s. Atlanta’s DWM is in the midst of a $4 billion Clean Water Atlanta initiative to overhaul its antiquated water and sewer infrastructure.42


City of Atlanta Drought Response 2007–2008 

In response to the 2007–2008 drought, the DWM aggressively pursued water conservation measures, which generated average monthly water savings of about 15 percent and earned DWM Commissioner Robert Hunter the US Environmental Protection Agency’s Water Efficiency Leader award. These measures:• doubled the price for irrigation water use;
• limited landscape watering exceptions and eliminated exceptions for newly installed sod; 
• invited Atlanta’s 50 largest water customers to learn about water-saving options, after which all 50 cut their water consumption, some by up to 45 percent (invitees included Delta Airlines and Atlanta City Hall);
• irrigated street trees by reusing water originally used to flush fire hydrants, in partnership with Trees Atlanta; and
• initiated a high-efficiency toilet (HET) rebate program.43 




Institutionalizing Ongoing Water Conservation Practices in Atlanta 

Although the statewide Drought Alert has been officially lifted, Atlanta’s DWM continues to use a range of mandatory and voluntary water conservation policies and programs.• Conservation water pricing: The DWM uses conservation pricing where customers using 1 to 3 CCF (1 CCF equals 100 cubic feet or 748 gallons) monthly pay $9.77 per CCF for water and sewer; those using 4 to 6 CCF monthly pay $15.07 per CCF; and those using 7 or more CCF pay $17.34 per CCF, about double the base rate.44 The City of Atlanta has found that conservation water pricing is an easily understood and powerful means of signaling the value and scarcity of water to its customers. 45 
• Rainwater harvesting barrels: The DWM launched an online rain barrel tutorial providing step-by-step instructions for residential customers to construct a safe and effective rain barrel for outdoor watering uses.46 
• Free water conservation kit: The kit includes a low-flow shower head, kitchen and bathroom aerators, flow measurement bag, toilet dye tablets and instructions.
• Residential toilet rebate program: In January 2009, Mayor Shirley Franklin allocated $1 million toward a toilet rebate program for Atlanta residents to replace old toilets with new, low-flow models.47 
• GreenPlumbers training: The DWM’s GreenPlumbers Caring for Our Water Metro City Challenge Certification Workshops emphasize water conservation and efficiency training for Atlanta’s professional plumbers.48 
• WaterSmart is a statewide education program and water conservation branding effort designed to help Georgia residents understand how to maintain their landscapes while using less water.49 
• Meter replacement: The City has replaced 66,855 of its 153,000 water meters with ones capable of remote reading. As part of an ongoing $34 million replacement program, the new meters will ensure more accurate billing and reduce illegal water use. TABLE 3.1 Progress in improving Atlanta’s water supply under renewed public ownership



	2002 	2008 
	750 leak repairs per year (avg.)	9,600 leak repairs per year (avg.)
	20,000 malfunctioning water meters	4,000 malfunctioning water meters
	9 boil water advisories	0 boil water advisories
	No financial plan	Detailed financial plan



• Measured progress: Table 3.1 compares statistics from 2002 to 2008 and highlights the DWM’s accomplishments since assuming responsibility for Atlanta’s water distribution system from United Water in 2003.50 




Regional and State Leaders Focus on Georgia’s Long-term Water Challenges 

Disputed water rights at the regional level — between Alabama, Georgia and Florida — also complicate Atlanta’s future water security. In July 2009, a US District Court judge ruled that nearly all of Georgia’s water withdrawals from Lake Lanier are illegal because the lake was originally built for hydroelectricity not for consumptive water storage. As a result of this ruling, the Governors of Alabama, Georgia and Florida are expected to return to the negotiation table, after decades of stalemate, where Atlanta’s long-term water consumption and conservation will be major points of contention.51

In 2007, Governor Sonny Perdue’s executive order created Georgia’s Water Conservation Implementation Plan (WCIP). The document’s opening statement says: “The ultimate goal of water conservation is not to discourage water use, but to maximize the benefit from each gallon used. Georgia’s Water Conservation Implementation Plan (WCIP) is designed to create a culture of conservation and guide Georgians toward more efficient use of our state’s finite water resources.” 52

Chapter Five of the WCIP, Conserving Water Used in Industrial and Commercial Facilities, outlines goals, benchmarks and 13 Best Practices (BPs) ranging from water management plans to recycling and reusing water. Best Practice 5, recycle and reuse water, suggests:

Industrial and commercial (IC) facilities can minimize their need for new water withdrawals by: 1) using reclaimed water for 50 percent or more of total outdoor water needs where practical and reasonably available; 2) implementing stormwater capture to collect clean rainwater as a substitute for freshwater in and around the facility. Stormwater ponds  must be constructed according to local and state environmental regulations; and 3) counterflow cooling/rinsing methods (for manufacturing industries).53



At the local, district and state level in Georgia, water conservation remains a social, political and economic priority. However, as the region emerges from its most recent drought and the pressure for immediate water savings lessens, Georgia is still experiencing the challenges of maintaining its policies for aggressive water conservation that accompany undisputed water scarcity and drought-induced crisis. In 2010, Governor Perdue proposed and secured major new legislation, the Georgia Water Stewardship Act, intended to institutionalize water conservation practices.54




 San Diego County Water Authority 

The San Diego County Water Authority (CWA) is a wholesale water supplier serving the San Diego region. CWA supplies water to 24 member water agencies including six cities; irrigation, municipal and public utility water districts; and the Camp Pendleton Marine Corps base. In 2008, CWA supplied 710,000 acre-feet of water to the area’s 3 million residents.55  In 2008, more than 300 miles of pipeline from northern California and the Colorado River delivered about 88 percent of San Diego’s water supply.56  Owing to the region’s dependence on imported water and projected population growth of one million people by 2030, CWA’s central priorities include water supply diversification, storage and infrastructural improvements, and water conservation.57

Since 1990, CWA and its member agencies have saved about 560,000 acre-feet of water and have kept urban per capita water use below 1990 averages,  with an investment of more than $1.8 million annually in conservation programs. Some notable water conservation achievements over this period include:• 518,000 ultra-low-flush toilets installed.
• 600,000 water-saving shower heads installed.
• 53,000 high-efficiency clothes washers installed.
• 7,200 acre-feet of water saved through commercial-industrial-institutional hardware replacements.58 




California’s Interconnected Water Supply Spurs Statewide Conservation in 2009 

San Diego County receives more than 70 percent of its water from the Metropolitan Water District (MWD) of Southern California. On April 14,  2009, the MWD announced that it would cut water deliveries to San Diego County by 13 percent (down from a worst-case scenario that would have cut water deliveries by 20 percent).59 New restrictions on surface water pumping in the Sacramento-San Joaquin River Delta (a major water source for Southern California) prompted the reductions. The restrictions aim to help protect endangered fish species. On April 23, 2009, CWA issued a similar announcement to cut water deliveries to its member agencies by 8 percent effective July 1 and declared a Level 2 Drought Alert.


Drought Management 2009: Public Outreach and Level 2 Drought Alert Restrictions 

In response to the reduced water allocation from MWD, CWA launched a series of water conservation public awareness campaigns to complement the traditional Level 2 Drought Alert public announcements. The 20-Gallon Challenge is a region-wide, voluntary water conservation campaign challenging San Diego County businesses and residents to reduce their water use by 20 gallons per person, per day.60

San Diego County’s local water agencies are required to meet or exceed the CWA’s model drought response ordinance defined under a Level 2 Drought Alert.61 The City of San Diego adopted the following drought ordinance:• Landscape irrigation limits and day assignments: Sprinklers (limited to ten minutes per watering station) and tree and shrub watering are allowed no more than three assigned days per week from June 1 to October 31, and before 10 AM or after 6 PM, according to a specified schedule.
• Leak Repair: All leaks must be stopped or repaired upon discovery or within 72 hours of notification by the City of San Diego.
• Construction Use of Water: When available, use of recycled or non-potable water is required for construction purposes.
• Car Washing: Vehicles may only be washed at a commercial car wash or by using a hose with an automatic shutoff nozzle or with a hand-held water container.
• Single Pass-through Cooling: The City will not provide new water service connections for commercial customers using single pass-through cooling systems (all systems must use water more than once).
• Water Recirculation Systems: All new conveyer car wash and commercial laundry systems connections will be required to employ a recirculation water system.
• Hotel Laundering: Guests in all hotels, motels, and other commercial  lodging establishments must be provided the option of not laundering towels and linens daily.
• Restaurant Water Refills: Restaurants and other food establishments shall only serve and refill water for patrons upon request. 62 




City of San Diego Water Conservation Initiatives 

Within San Diego County, all 24 local water agencies develop, implement and enforce the water ordinance for their communities. The following examples from the City of San Diego Water Department illustrate how a local water agency translates the countywide objectives of the CWA into specific water ordinances and programs.

Plumbing Retrofit Upon Sale Ordinance. San Diego Municipal Code section 147.04 requires that all buildings, before a change in ownership, be certified as having water-conserving plumbing fixtures. This ordinance affects all residential, commercial and industrial water customers who receive water service from the City of San Diego Water Department.63 Plumbing fixture retrofit requirements include:• Toilets that use more than 3.5 gallons per flush (gpf ) must be replaced with ultra-low flush toilets (ULFTs) that use 1.6 gpf or less. Modifications intended to reduce the flow of an existing toilet, such as the use of toilet bags, dams, bricks, or other alternative flushing devices, are not permissible and do not comply with Code provisions.
• Shower heads that emit more than 2.5 gallons of water per minute (gpm) must be replaced with low-flow shower heads that use no more than 2.5 gpm. Shower head flow restrictors are not acceptable substitutes.
• Sink faucets (bathroom, bar, and kitchen sink faucets) that use more than 2.2 gpm must be retrofitted with either a new fixture or faucet aerators to reduce the water flow.
• Reverse osmosis systems (for home water purification) need automatic shut-off valves.
• Urinals that use more than 1.0 gpf must be replaced with low-flush models. The entire fixture must be replaced, not just the flush valve.



Commercial Landscape Survey. The Commercial Landscape Survey Program provides a free onsite irrigation system audit and water-use recommendations for commercial, industrial and institutional customers who have more than one acre of landscaped property. Qualifying participants  also receive a written evaluation of the system’s performance, aerial photos of the property, a water-use estimate for the upcoming year, and an irrigation controller schedule for each month. The program has generated landscape water savings between 20 and 40 percent on participating properties. 64


Future Planning 

Future planning is an important part of the work of every water agency. In San Diego County, in the coming years, the CWA will shift its focus from indoor to outdoor uses, particularly landscape water conservation. In 2009, about 50 percent of San Diego County’s urban water use was for landscaping. 65 In April 2008, the CWA published a strategic plan that defined the following countywide water supply and conservations goals:

By January 1, 2015, the average regional residential per capita water consumption will be reduced by 10 percent from the current 10-year regional average.

By January 1, 2020, the Water Authority will have facilitated and/or developed local seawater and brackish groundwater desalination facilities that meet 10 percent of the region’s total water supply requirements.

By January 1, 2025, the member agencies, with the assistance of the Water Authority, will supply at least 6 percent of the region’s total water supply through water recycling.66



[image: 018]

FIGURE 3.4 In just 12 years, San Diego County’s water supply sources will change dramatically, with an increased reliance on water rights transfers, recycled water use, conservation and desalination.69

Table 3.2 shows expected sources of water conservation and new water supplies, based on the 2005 San Diego County Urban Water Management Plan, while Figure 3.4 shows expected water supply sources in 2020, compared with those in 2008.67 You can see that San Diego County is relying heavily on new and “exotic” water sources such as inter-basin water transfers from irrigation districts, a proposed desalination plant in Carlsbad (North County), recycled water and conservation to meet its current and expected requirements. Water deliveries from MWD, the regional wholesale water supplier, are expected to fall from 71 percent of demand in 2008 to less than 30 percent of demand in 2030.68 This is a bold experiment for a growing metro area with more than three million people today (and a population of four million expected in 20 years), but as the “end of the pipeline” county in a water-short and water-stressed area, San Diego County has few viable alternatives.

TABLE 3.2 Potential Water Conservation Savings through 2030 Within the San Diego County Water Authority Service Area (Acre-feet)

[image: 019]




 Summary 

Urban water crises are caused by various factors including drought, supply reductions and ownership conflicts. Along with restrictions and changes to water policy, to reduce water usage a “culture of conservation” needs to be cultivated in the public’s mind. Many water agencies are also finding it necessary to locate new supply sources to meet demand.70 Four million people in the Atlanta metro region face continuing uncertainty over water supplies, having barely survived the 2007–2008 drought when reserves were reduced to a mere 90-day supply of water. Recognizing its existence at the “end of the pipeline” and not wanting to endure permanent drought restrictions, San Diego County needs to embrace just about every available new and exotic source of water to supply the needs of a population expected to grow from three to four million over the next 20 years. Each of these case studies provides ample warning and good lessons for urban areas throughout the American southeast, south, southwestern and western states, home to considerable population growth in the past 20 years and likely to see a continued influx of new residents for the next 20.
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Water Use ‘October 2008 Actual
Customer Group. Reduction Goal _ Reduction (after 5 months)
Single-family Residential 19% 8%
Multifamily Residential % n%
Irrigation 0% 2%
Commercial 12% 8%
Institutional 9% %
Industrial 5% 13%
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Cross - Section of the Patented Vertical EcoTrap®
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Credit

Points

1. Water Performance Measurement:
Whole Building or Sub-Metering

2. Indoor Plumbing Fiture and
Fitting EFfciency

3. Water-efficient Landscaping

4. Cooling Tower Water Management

Total Avaiable Points.

102

1 (at least 10% below baseline) to's (30%
below baseline)

1 (50% below calculated baseline) to 5
(100% below baseline)

1 (chemical management via conductivity)
and 1 (>50% non-potable makeup water)
Up to 14 (plus additional credits for exem-
plary performance in category 2)
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Roof Area or Rainwater
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Technology or System

Uses

Benefits or Drawbacks

1. Ralnwater harvesting.

2. Graywater reuse

3. Water-free or ultra-
Tow-flow urinals

4. High-effciency
tollets (HET), typically
128 gpFor 1.12gpf

5. Low-flow faucets and
shower heads

6. Water sub-metering,

Tollefurinal flushing;
cooling tower makeup.
and site irrigation

Tollurinalfushing; ste
irrigation

Replaces conventional
urinals

Replaces conventional
tollets

Replaces conventional
faucets

Establish actual use pat-
terns; change water use
behavior

Interior use needs same
treatment as drinking water
due to code requirements;
seasonal supply; needs on-
site storage; hard to re-plumb
existing buildings.

Higher level of treatment re-
quired for interior use; con-
stant supply source; hard to
re-plumb existing buildings.
Possible drainlines carry
problems in older buildings;
saves 87.5% to 100% of urinal
water use; easy to retrofit

Saves 10% to 20% of water
usefor tollet flushing; easy to
retrofit

Costeeffective; asy to

retrofit
May be costly o retrofitin
older buildings
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Water Use Percentage of Total, Percentage of Total,

End use (Bgpd) with Power Plants_ without Power Plants
Power plants 144 @ -
Agriculture 128 7 &

Public water supplies s 3 Bl

Industry 1 s s
Livestock/aquaculture 10 3

Private water supply 6 2

Total 350 100% 100%
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2002

2008

750 leak repairs per year (avg)
20,000 malfunctioning water meters
9 boil water advisories

No financial plan

9,600 leak repairs per year (avg.)
4,000 malfunctioning water meters
0 boil water advisories

Detailed financial plan
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Company System Size Notes
BracSystems  Brac Graywater 4,590 gallons. Provides upto
(Canada) recyclingsystem (17,373 lters)  13,192gph @71 psi
ReWater Models RWAF4  200-gallon surge  For irrigation only,
Systems (US)  and RWAFS tank uses sand fite, serves
upto 32 sourcas
Hansgrohe Pontos AquaCycle 4,500t0 13,500 d-phase water treat-
(Germany) liters per day ment, including UV-
(1,200103,600  light sterilization,
gallons) primarily commercial

Perpetual Water
(Australia)

Catchment 720

One unit produces
upto 1,360 lters
per day, from
1,440 lters input

Commercial system
uses muliple tanks;
serves toiets, garden
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Thermal Technology Membrane Technology
Multi-stage flash distillation (15 mgd imit) Reverse osmosis (RO)
Multi-effect distilation Electrodialysis (mostly brackish water)

Vapor compression distillation (small  Electrodialysis reversal (brackish)
systems)
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Caroma Dual-Flush
toilets save millions
of gallons of water

every year.*

1.69/61 per flush

s 13572 glrs s e

Single-Flush Toilets Dual-Flush Toilets.

[ S ——————
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New

Retrofit

Piping

Codes
Systems.

Aesthetics

Equipment

Environmental

Maintenance

Cost-effective f
builein intally

Builtto code:
Integratedjworking.
together

Designed
components

Components can
beinside

State-of-the-art

Effect on building.
function

Metering and water
usage avalable
Fully sustainable.
water savings
Knowledgeable
manager available

Requires opening wallsand possibly foun-
dation changes

May require additional updates
Al separate systems with no connections

‘Added and may look added (not n origi-
nal design)

Tanks must remain outside due to size.

New connecting to old, which may cause
leaks or breaks

May not be as effcient and equipment
may not match up.

Meters may be too expensive to installas
supply lines may not be easily metered.
Addinga sustainable element to.2 non-
sustainable building may not help much.
Manager from existing system may have
less knowledge and need more training.
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Retrofit

New Construction

Description Rebate Amount _ Rebate Amount
Highvefficiency (128 gpf) Tolet, 550 550

replacing ULF* Toilet

Highvefficiency Toflet eplacing 5300 NA

non-ULF Tolet (:3.5 £9F)

Ultraow-water (00-025gpf) 500 NA
Urinal:etroft replacing 21.5 gpf

Ultralow-water (00-025gpf) 5250 5250

Urina: retroft replacing <1.5 gof

Cooling Tower pH/Conductivty  $3,000 53,000

Controller

Cooling Tower Conductivty se2s s625

Controfler

Highvefficency Commercial sa30 5430

Clothes Washer

Aircooled ice Machine 5300 5300

‘Steam Sterilizer Retrofit $2,300/ Device $2,300/ Device
Connectionless Food Steamer $600/ Compartment  $600/ Compartment
Pre-inse Sef-closing Spray Head 60 NA

Ory Vacuum Pump $125/Horsepower  $125/ Horsepower
Large Rotary Nozze Retrofit $13Hesd $13Head
Weather-based Irigation Controller  $25/Staton sasistation
Rotating Spinkler Nozzlefor $S/Nozzle $S/Nozzle

Irrigation
Synthetic Turf
Pressurized Waterbrooms.

$1.00 per square foot
s150

$1.00 per square foot
$150

[———
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