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For Arlo, and the fishies







Preface




Do you want to use less water? Capture rainwater falling from the sky? Redirect water from your shower to irrigate the landscape? Improve the health of rivers and creeks in your community? If so, this book is for you.


You may be interested in water conservation because your well is running dry, or maybe you work with a watershed restoration group. Perhaps you want to promote and protect clean rivers and oceans because you love to fish or swim, or you’re a parent, grandparent, or aunt or uncle and want to create a healthy world for future generations. If you’re a landscaper, plumber, or building contractor, offering sustainable services to clients makes good business sense. And if you don’t have access to a municipal water supply, conserving and reusing water may be far preferable (and much more affordable) than acquiring a new water supply. Regardless of your motivation, you’ve already taken the first step.


Nearly 15 years ago, while I was living with six friends in a rented house in Oakland, California, I had my first water shock. A water bill arrived in the mail — first time I’d ever seen one. I can’t remember exactly how many gallons we had used, or how much we had to pay, but I clearly remember my shock at seeing it. The first two questions in my mind were “How can we possibly be using this much water?!” and “Where does this water come from, anyway?” My search for answers to these questions sparked the beginning of my water education. As I learned more about this water system I depended on — and how damaging it was — I began to look for alternatives.


The first change I made was to redirect the bathroom sink drain to dump into a bucket. We used this greywater to “bucket-flush” the toilet. It was so simple we couldn’t stop there. My housemate Cleo and I tackled the shower next; we reconfigured the pipes and built our first greywater system. How satisfying it was when the shower water finally flowed into the garden.


This book shares the knowledge I’ve gained over the past 15 years and shows you how my friends and I transformed our own home to conserve and protect Earth’s precious freshwater. In these pages I will show you how to improve the efficiency of your fixtures, reuse household greywater, collect rainwater, and install waterless toilets.


Writing a how-to book is an exciting opportunity to share these concrete skills with more people. Besides the how, there is the why: in Part I, I talk about why our current water system is unsustainable and what simple, small-scale changes can help fix it. Part II covers the principles of simple greywater, rainwater catchment, and composting toilet systems, providing step-by-step instructions that anyone can implement with a few tools and basic construction skills. These simple, low-cost systems can cut your home’s water consumption in half, or better. Because the book is intended for ordinary DIYers, I don’t focus on complex systems requiring specialized tools and training, but have included profiles of people living with advanced systems, as well as resources for learning more about them.


I’ve also included tips for working with (and improving) state and local regulations, as well as interviews with progressive regulators and examples of what worked for us in California. Policy change isn’t a standard feature for how-to books, but when it comes to water-wise systems, codes and local agencies can be a major barrier.


I hope this book helps you transform your home to save water and create productive, ecological landscapes.





Part 1





Water-Wise Basics


What’s Wrong with Our Water Systems and How You Can Change It


 “Water, save it for what you love,” is one of my ­favorite water utility slogans, designed to teach people the importance of conservation. Others, such as “Every drop counts” and “Got water? Do your part, be water smart,” remind us of the small steps we can take to reduce overall consumption. While fixing a leaking toilet and installing a water-efficient showerhead may not be as exciting as building a greywater system, these simple actions can save as much, or even more, water.


The discussion in Part I of this book sets the stage for the how-to projects of Part II. Before crawling under the house to check out your plumbing, or researching local rainwater data to plan a rainwater ­catchment system, it’s important to understand where your water comes from, where it goes, and what is impacted along the way. Chapter 1 and chapter 2 help you understand the problems and challenges of municipal water systems, while chapter 3 presents a range of practical options for reducing water consumption at home: finding and fixing leaks, choosing efficient irrigation systems, and designing beautiful, productive and water-efficient landscapes. You’ll also learn the basics of greywater, rainwater, and composting toilet systems so you can determine which are a good fit for your home (maybe all of them!).





Chapter 1






Why Conserve Water?


We need water for almost everything we have and do: our food, clothing, electricity, and almost every item in our homes, not to mention drinking, cooking, and cleaning. In the past, water shaped civilizations, determining the size and locations of population centers as well as travel routes and what food was available. Today, natural water systems have been re-engineered for human use: instead of flowing to the sea, most water flows toward cities, large agriculture, and industry.


When we turn on the kitchen faucet, out flows water — like magic. Only it’s not magic. That water came from somewhere. If it hadn’t been diverted by people, it would have flowed in a river, creek, spring, or ­underground aquifer. Where did that water come from? Which river? What creek? How deep an aquifer? Is it being recharged as fast as it’s being pumped out?


Answers to these questions may not be obvious. The infrastructure connecting our taps to the water source has become practically invisible, and most people don’t think about what river flushes down the toilet or how many salmon died when the dam was built to supply their town. But we should. And when we do examine our water system, it becomes apparent what needs to change.






	Reasons to Conserve Water


	Where Does Your Water Come From?


	What’s a Water-Wise Home?








Reasons to Conserve Water


When we save a gallon of freshwater, it’s a gallon our water company won’t look for in a new dam, a water transfer, or a desalination plant to provide more supply. It’s a gallon that could keep a river deeper and cooler, oxygenating a salmon as it swims to its spawning grounds and preventing the growth of toxic algae. It’s a gallon that emerges from a desert spring, providing lifesaving drinking water for animals. It’s a gallon that can grow local food in a sustainable way without the waste and pollution of industrial agriculture.




Save Water, Save Energy, Spare the Air


Hidden behind each drop of water is a spark of energy. It takes energy to transport water from the source to our homes. It takes energy to clean the water to drinking quality and more energy to heat it. Just warming the water for one shower takes as much energy as it does to power a light bulb for more than 200 hours (25 gallons takes 17,000 Btus or 5 kilowatt-hours). This close relationship between water and energy, referred to as watergy, or the water-energy nexus, connects our water-conserving practices to climate change and air pollution. At the household level about 20 percent of our total energy use goes toward heating our water. At the sewer plant even more energy is used to clean the water for disposal. In California nearly 20 percent of the electricity and 32 percent of the natural gas used in the entire state is for water.


All this energy makes a lot of pollution! According to the National Resources Defense Council (NRDC), the energy to treat and distribute all this water releases approximately 116 billion pounds of carbon dioxide (CO2) per year, causing as much global-­warming pollution each year as ten million cars.


By redirecting water and nutrients that typically flow away from our homes into the yard, we can save water and enhance the ecological benefit of our landscapes. Rainwater and greywater can grow trees to shade the house, reducing cooling needs. Fruit trees and other edibles provide truly local food, reducing food miles and their associated carbon footprint.
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A mere one-half of one percent of all the water on earth is available freshwater.







Save Water, Save Money


Anyone who pays a water truck to haul in water knows how much that water costs. Anyone who pays a water bill knows water pricing involves more than just buying water. The costs reflected in the bill cover maintaining the delivery infrastructure and operating the sewer plant, while the water itself may be virtually free. Simple efficiency upgrades, like installing a low-flow showerhead, quickly pay for themselves, while payback for other systems, such as rainwater and greywater, take much longer under current water rates (although the savings do add up over time, and water rates are increasing). For water districts, monetary savings can be significant: Residents of San Antonio, Texas, once used 225 gallons per day. The city, faced with costs on new water rights to their aquifer of $5,000 per acre-foot and a new dam-pipeline project priced at around $1,000 an acre-foot, opted to spend just $300 per acre-foot by investing in conservation. Between the beginning of the program in 1993 and the year 2008, San Antonio residents lowered their per-capita usage to 140 gallons a day, and the city saved nearly $550 million.




Drought-Proof Your Home


The most basic definition of drought is a lack of precipitation over an extended time. California and the other Southwestern states are considered “drought states” because they experience dry periods on a regular basis. But droughts occur in any climate when current precipitation is lower than historic averages. A drought in Florida looks different from a drought in Texas or Australia but can be just as devastating to the local environment. With climate change, even areas once considered water-rich, such as the Southeast, have recently experienced droughts.


Droughts also occur when the supply of water doesn’t meet the demand of people, animals, and plants. Humans can create drought conditions by using more than their fair share. An increase in water use upstream can cause shortages for those living downstream, even if precipitation doesn’t change.


What can we do to prepare for droughts? Our municipal water systems are large, inflexible, and unable to cope with changing precipitation patterns. A dam is impossible to move. Acquiring new water rights to an over-allocated river is not feasible. Agencies are slow to act until there is an acute crisis. Fortunately, there is much we can do to prepare our own homes, independent of centralized systems. Each water-efficient fixture, greywater and rainwater harvesting system, or waterless toilet is a step to drought-proof our homes and landscapes. As we live more in tune with our local climate, we’ll discover that you can’t experience a shortage if you don’t need additional water.



Reduce Everyday Waste


There’s plenty wrong with our existing home water systems, ranging from basic logistical issues to cultural behaviors. Yet most of these problems are easily solved.


Problems with Conventional Home Water Systems




	Our homes are inefficient. Unnecessarily large amounts of water are used in toilets, sinks, showers, and washing machines.


	Water is used needlessly — for example, in spraying down driveways and over-irrigating plants.


	Water quality doesn’t match the need. Potable water is used for everything, including flushing toilets and irrigating landscapes.


	All “wastewater” is sent to the sewage treatment plant or septic system. Water from the bath is treated the same as water leaving the toilet.


	Yards are designed so rainwater runs off the land, creating flooding and pollution problems and preventing rainwater from being used as a resource.








Where Does Your Water Come From?


I grew up with a neighborhood water supply in Northern California. An artesian spring filled a storage tank that fed a dozen houses on our country road. If a neighbor left the hose on all night, or if a pipe broke, the tank would run dry and we’d have to wait for it to refill. I knew where the water came from, and where it went — into the septic tank and leach line under the front lawn.


When I left home to go to college, it took four years for me to wonder where my new water supply came from. Thinking back, I find it ironic that I graduated with a degree in Environmental Science from UC Berkeley but had no idea where my drinking water came from. I’m thankful for that first water bill and the effect it had on me and my household.


It didn’t take long for us to learn where Oakland water originates: 93 miles away from the Bay Area is the Mokelumne River, the source of our drinking water. Snow melting in the Sierra Nevada mountains forms rushing creeks that cascade into the river. The first time I went to see my drinking river, I savored the beauty of the clear, cold water, shaded by bay and maple trees as it flowed quickly by.


A few miles downstream the river stops, blocked by the Pardee Dam. The river that resumes on the other side of the dam bears little resemblance to the one upstream. The water district has rights to divert 325 million gallons per day. From that day on, I saw the flowing Mokelumne River in my mind’s eye every time I turned on the tap.


So, where does your water come from — what river, creek, or aquifer? Many people are as ignorant of their water supply as I was. A recent Nature Conservancy poll found that 77 percent of Americans (excluding people using a private well) don’t know the source for the water they drink, cook with, and shower in.




Getting to Know Your Watershed


We all know our street address, county, and state, but few of us know what watershed we live in. A watershed encompasses all the land that collects and drains water to a single outlet, such as a creek or river. Our drinking water may come from within a local watershed or be piped from a distant one. Our homes can be part of both a local watershed and a larger regional watershed.


Rainwater flows off our roof and into the street, where it mixes with rainwater flowing from all our neighbors’ homes and enters the nearest storm drain, creek, or river. Everyday pollutants impact the health of our local waterways: oil and brake-pad dust on the streets, fertilizers and pesticides from our landscapes, all of these are washed into the creek after a rain.


Our local watershed may be connected to a larger watershed; the creek flows into a river, and into the ocean. In Oakland I lived in the Temescal Creek watershed, a culverted creek that flowed to San Francisco Bay. We were also part of the giant San Francisco Bay Delta watershed, which receives water from the Sacramento and San Joaquin rivers, encompassing 75,000 square miles. Nearly half the surface water that falls as rain or snow in the entire state flows through this watershed, with every home along the way impacting the health of the bay.


There are many ways to get involved with your local watershed. Watershed groups, beach cleanups, restoration projects, and creek groups are found all across the country. Creek hikes, sunsets at the beach, and strolls along the river are great ways to get to know the land and water. Websites of national organizations, such as The Nature Conservancy and the U.S. Environmental Protection Agency (see Resources), will help you discover the source of your drinking water and connect with local watershed organizations. Also check out your own water district’s website to learn about the local supply and history of your water source.





What’s a Water-Wise Home?


A water-wise home conserves and reuses water to create ecological and efficient water systems. It can even be water-neutral, meaning that no more water is consumed in the home than is collected from the rain, and it can be disconnected from the sewer, treating and reusing all water on-site. No matter what steps you take to make your home more water-wise, it will most certainly use less water. A recent study (see Resources) found that an ordinary household saves nearly 15,000 gallons a year after installing a simple greywater system.


Features of a Water-Wise Home




	Fixtures and appliances are efficient.


	Water is reused. Greywater — water coming from sinks, showers, and washing machines — is used for irrigation or toilet flushing.


	Potable water is used only for potable needs: drinking, cooking, and showering.


	Rainwater is collected and infiltrated into the landscape.


	Products used in the water are nontoxic and ­compatible for irrigation.


	Systems foster awareness and stewardship of natural water systems.







Learning how to use water more intelligently is fun and empowering. Some of these changes are as simple as switching out a showerhead, while others, like installing a greywater system, require more effort.


At the simplest level, saving water and reusing what we already have is a commonsense way to save money and resources. Simple efficiency upgrades, such as fixing leaks and installing lower-flow showerheads, can reduce our household use dramatically. Nationally, if everyone upgraded their homes we’d save around 5.4 billion gallons per day!






Watershed Success


Problem: On the Mattole River, in Northern California, a combination of rural homes pumping water from the creeks for household use and the legacy of logging and watershed degradation culminated in creeks running dry just as salmon needed the water to spawn. Residents had to shift their water-use practices to coexist with salmon.


Solution: Sanctuary Forest, a local nonprofit, worked with residents and scientists to create an alternative system. By filling large water storage tanks during the wet season, residents didn’t need to pump out of the creek in the dry season. Their success was immediate. For the first time since monitoring started, with 65 percent of pumps turned “off” during the dry season, the stream flow was the same downstream of houses as it was upstream of them. The community also created infiltration ponds to recharge the groundwater to feed streams during dry weather.










Chapter 2






What’s Wrong with Our Water Systems?


There are a lot of things wrong with our water systems. From where we get water to how much we use, and from what we put into it to where it goes. If you have this book in your hands, you probably already know there are other options: we can conserve and reuse water instead of wasting and polluting it.


Deepening our understanding of the problems with our current system can strengthen our conviction to change it. This chapter offers an overview of some environmental and social challenges we face today, and what people are doing to solve them. Through our collective actions we can redesign our water systems — from the home scale to the community scale — for a secure and sustainable water future.






	The Good News and Bad News


	Sources of Water


	Why Is Water Scarce?


	Sewage Treatment and Stormwater Pollution


	When Rain Pollutes: Stormwater


	A Better Water Future








The Good News and Bad News


Before diving into the problems, let’s consider the benefits of the current system. Most people in the United States and Canada (as well as in Europe, Australia, and really any “developed” country) have access to an affordable, clean, reliable water supply delivered right to their homes. Considering the 780 million people in the world who don’t have clean water to drink, and the 1.8 billion who have to walk to collect water and carry it home, our water system is doing pretty well.


Did you use an indoor toilet today, or did you rise before dawn to go outside, fearful for your personal safety? Open defecation, performed each day by more than a billion people around the world, is degrading to human dignity as well as hazardous for public health. Most of us have no problem finding a safe, sanitary toilet to use or a sink to wash our hands. Building codes require these in every habitable dwelling, and most establishments offer them to their customers free of charge.





Looking Back


Not so long ago, in the 1800s, cholera and dysentery outbreaks were commonplace in every major city. From Paris to New York, London to Montreal, cholera outbreaks killed people by the thousands. Neither sewage nor drinking water was treated, as it wasn’t understood how contaminated water caused illness. In the late 1800s, with the acceptance of the germ theory of disease transmission, municipal water suppliers began treating drinking water before distributing it to the populace. Later, the Clean Water Act of 1972 in the U.S. required sewage to be treated, and the Safe Drinking Water Act of 1974 set national standards for water quality. Our modern plumbing system, with a drinking water treatment plant on one end and wastewater treatment plant on the other, has, without a doubt, greatly improved public health. As the plumbers say, “The plumber protects the health of the nation.”




Hidden Costs


The problem with these advances in health and sanitation is that we have ignored their hidden costs. What was lost to achieve these gains? And, importantly, are there alternatives to the current system? Can we have clean water to meet our human needs while protecting natural water systems? Can we work with Nature instead of against her?


Yes, we can. Solutions are plentiful, and many can be found in this book.




The Bad News: Our Water System Is Destructive and Unsustainable


Here is a laundry list of problems with our current water delivery system. With our collective efforts, each problem has an attainable solution.


We consider local rainwater a problem and attempt to get rid of it as quickly as possible, instead of using it to supply our water needs and recharge local water tables.


We rely heavily on dams for water storage, which can destroy river ecosystems.


We withdraw too much from rivers, altering the ecosystem and damaging aquatic life.


We pump groundwater at a rate faster than it can be replenished. This water will eventually run out.


We store water in reservoirs and transport it in open canals, losing massive quantities to evaporation.


We rely on centralized water systems (large dams and reservoirs), which are vulnerable to climate change and cannot be easily altered.


Our water systems take as much water as possible for municipal or water company use, disregarding the negative effects on those downstream: wildlife, fish, fishing and rafting industries, and native communities whose culture, sustenance, and religious practices are rooted in their local waters.


There is little connection between the water user and the water supply. People don’t see the impact their water consumption has on natural systems. This fosters a sense of entitlement and ownership over the water, rather than a sense of stewardship and respect for the water.


We try to overcome nature instead of working within natural limitations of a region. A simple example: green lawns in the desert.





Sources of Water


Before continuing, let’s refresh our memories about the water cycle. The Earth’s water is always on the move. Powered by the sun, the hydrologic (water) cycle is the massive movement of water between land, sea, and sky. Water evaporates from the oceans and travels up into the atmosphere, where it comes down to the earth as rain and snow. This precipitation may soak into the ground and be taken up by a plant, or soak down past the plant roots deeper into the soil, later to emerge from a spring or creek. Or, it may run off to flow in a creek or river back to the sea. Molecules of water cycle endlessly this way for billions of years.


The water cycle is simple yet complex, particularly the relationship between water flowing above and below the ground. Surface water flows are closely connected to local groundwater; hydrologists estimate that nearly half of stream flow comes from groundwater. It’s important to understand that water flows through this cycle at very different rates. Some water molecules cycle rather quickly, moving from the ocean to the sky to the land in a few days or weeks. Water in a shallow groundwater table may return to the ocean in a few months, or years or even decades. But the deeper groundwater aquifers don’t operate on a human timescale. It may take a water molecule centuries or millennia to emerge naturally.


Life on Earth depends on having water on the surface, with our rivers and lakes, as well as in the ground. As cities, industry, and agriculture pump water out from deep within the Earth, we are living out of balance with the renewable supply of water. We’ll talk more about groundwater.




Rivers: The Circulatory System


Rivers are the Earth’s circulatory system. Water flows through the rivers to the ocean to the clouds and back again. The hundreds of trillions of gallons flowing in rivers make up just a fraction of a percent of all the freshwater on Earth, yet they sustain so much terrestrial life. Salmon bring ocean nutrients upstream, fertilizing forests and feeding a web of aquatic life.


We know what happens when our arteries get clogged: a heart attack. What happens when a river is clogged — when the water flow is stopped by an immense concrete dam? In the U.S. alone, rivers are plugged by around 75,000 dams. Along with the water, these dams trap silt and nutrients. Instead of flowing downstream and being deposited in river deltas to sustain fertile floodplains and vital habitat, sediments clog the spawning area above the dam — that is, if the fish can even get past the dam (see Dams Kill Salmon).


A dammed river is ecologically different from a free-flowing one. The artificial lake behind the dam stores massive amounts of water to be piped away for human use. Dams alter the amount of water flowing through the river, the temperature and oxygen levels of the water, and the speed with which it flows to the sea.


While dams provide millions of people with drinking water, irrigate our crops, electrify our cities, and control floods, they destroy our river ecosystems. We may be dependent on dams today, but that doesn’t mean we have to be in the future. Each greywater system, rain garden, and composting toilet is a step on the path away from reliance on dams and toward healthy, free-flowing rivers.
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Let the Rivers Flow: The Undamming Movement


The largest dam removal in history is under way (at the time of writing), involving two dams on the Elwha River. This three-year removal project began in the fall of 2011. These early-1900 dams blocked fish passage a few miles from the sea, decimating salmon runs in what was once the largest salmon-bearing river in Washington state. The Lower Elwha Klallam Tribe fought for this removal project from the day the dams were built, and tribal restoration crews have been preparing for the salmon’s return, restoring mile after mile of salmon streams. “The river is going to be given a second chance to restore itself,” remarks tribal member Byron Bennett as an excavator tears into the Elwha Dam.


Nationwide, dam removal is booming. Roughly 1,100 dams have been removed in the past hundred years, and the rate has quickened more recently, with 800 taken out in the past 20 years. Most of these dams are obsolete, posing a danger to below-dam residents while also harming the creek or river ecosystem. The White Salmon River in Washington flows freely for the first time in more than 100 years; the Marmot Dam on the Sandy River in Oregon and Horse Creek Dam in California went out with a bang. Michigan is embarking on the largest dam removal in its history, with three dam removals in the works on the Boardman River to restore natural river conditions and improve fishing. The removal of two dams on Maine’s Penobscot River, in combination with adding fish passage to other dams, will open access to 1,000 miles of Atlantic salmon habitat, the result of years of hard work and collaboration between river restoration groups and the Penobscot Nation.


What happens to the river after the dam? After Maine’s Edwards Dam (built in 1837) was removed in 1999, the first time an operating hydroelectric dam was removed in favor of restoration, “The Kennebec River has come to life magnificently over the past ten years, just as we knew it would if given a chance,” said Brownie Carson, then executive director of the Natural Resources Council of Maine. “Evidence of the river’s rebirth is everywhere. . . . Eagles, osprey, and sturgeon are spotted daily; seals have been seen chasing striped bass as far inland as Waterville; and this spring the river hosted the largest alewife run on the East Coast. The Kennebec’s revival has been a true wonder of nature.”







Dams Kill Salmon


In 1924, after the first Bullards Bar Dam was built on the Yuba River, the returning salmon encountered the dam for the first time. Unable to pass it, they died at the base. So many dead salmon floated downstream of the dam that the stench became unbearable. Pacific Gas & Electric Company workers resorted to torching the carcasses to alleviate the smell.


Dams built without fish passage prevent salmon from accessing their spawning grounds, while those built with passage present new challenges for baby fish. Salmon thrive in cool water; warmer water makes them more susceptible to parasites and disease. As water slows to a trickle in the reservoir behind the dam, baby salmon must navigate warm upper waters that are as lethal as the cold, oxygen-depleted deep waters below. The trip to the sea that once took a few days can now take more than a month.


Salmon populations have plummeted since the dam-building frenzy of the mid-twentieth century. Atlantic salmon are extinct in many rivers and surviving populations are a fraction of their historic numbers. Most Pacific salmon runs in the western states are between 2 and 5 percent of their historic sizes, with many stocks of wild salmon extinct and the remaining ones endangered.







Rain: A Gift from the Sky


Our homes interact with water in two main ways: how water arrives and how it leaves. Most homes have two sources of water: the pipe flowing in with drinking water (from a well or a municipal supply), and rain or snow that falls from the sky. Similarly, water leaves our homes either via the sewer line flowing to the sewer treatment plant or a septic system, or as runoff, also called stormwater.


When we utilize water falling from the sky, we strike a balance with our natural water supply. Collecting and using rainwater have no negative impacts on another watershed. If we use that rainwater to grow food, create shade plants, and provide habitat, we improve our ecological landscape and thereby improve the health of our watershed. Chapter 6 and chapter 7 will teach you how to catch and use rainwater.


When we ignore the rainwater falling onto our homes and rely on the second supply — the pipe — we connect our daily existence to a smörgåsbord of environmental and social problems. To avoid this, all we have to do is to look up to the sky and harvest the rain. It doesn’t take much precipitation to be successful. As you will see, some people live modern and comfortable lifestyles relying on a mere 8 inches of annual rainfall.





Groundwater: Nonrenewable Fossil Water?


Around 30 percent of the Earth’s freshwater is underground (groundwater). This water once fell as rain or snow and soaked slowly down through the upper layers of soil, filling cracks and pores in the soil. The water table is the boundary below which the soil becomes saturated with water (where all the air spaces between the rocks are full of water). An aquifer refers to an area where the ground holds a lot of water. It is both permeable and porous, enabling water to be pumped out.


Shallow aquifers are typically recharged quickly and have been a source of water for humans throughout history, particularly in arid climates. It wasn’t until the 1950s that fossil fuel energy became widely available, enabling people to drill and pump from deeper and deeper wells. Today, groundwater supplies drinking water for two billion people and irrigates approximately 40 percent of the world’s food supply.


If water pumped from the ground is replaced through infiltration from the rain, groundwater is renewable. Without that balance, groundwater can be as nonrenewable as oil. Much of the major reserves, like the giant Ogallala aquifer of the Great Plains, were filled in ancient times and receive little new supply. This paleowater of the Ogallala dates back to the last ice age and is being pumped ten times faster than it’s filled. Residents of Maryland may have been surprised to find out they drink million-year-old water. A 2012 study by the U.S. Geological Survey found the Patapsco aquifer underlying Maryland, a vital freshwater supply for the area, to be ancient: the water has been underground for tens of thousands to more than a million years.


Pumping groundwater faster than it recharges causes groundwater depletion. All across North America and the world, communities struggle to cope with the consequences. A lower water table means wells dry up, streams stop flowing, riparian plants die, biodiversity is lost, and saltwater intrudes into coastal freshwater aquifers. To restore a balance, communities can increase infiltration to recharge the aquifer while simultaneously reducing withdrawals. Groundwater contamination is another threat to this important water supply; our groundwater needs to be protected against everything from fracking to septic systems, hazardous waste leaks to coal ash and perchlorate (from rocket fuel).





Why Is Water Scarce?


The amount of water on our planet is both gigantic and finite. Every day about 80 trillion gallons of water fall onto the Earth as precipitation. That’s enough for each person to have around 10,000 gallons a day. So why are so many people affected by water shortages? Here are some reasons:




	Rain and snow aren’t evenly divided up around the world and conveniently parceled out over the year. It may come all at once in one place, or skip over a watershed entirely.


	Rainfall is unpredictable and, if climate change models are accurate, it is likely to become more so.


	Population growth and industrialization increase the demand on water supplies while the location of accessible freshwater is shifting.


	If rain doesn’t fall in a watershed to flow into a river and fill a town’s reservoir, the town can run out of water. Similarly, if snow doesn’t fall in places like the Sierra Nevada mountains, there is no reserve of snowpack to sustain agriculture and cities during the dry California summers.


	
Groundwater is being used more quickly than it’s replenished. Those who rely on overdrawn groundwater will experience dry wells.







Water scarcity is a regional phenomenon and occurs all over the globe. A grim symptom of water scarcity is dry rivers: the mighty Colorado, the Rio Grande, the Indus in Pakistan, and the Ganges in Bangladesh are some of the largest rivers that run dry before reaching the sea. There are thousands and thousands more.






Close-Up


Winnemem Wintu and the Raising of the Shasta Dam


Anyone who eats California-grown food is connected to the Shasta Dam. The keystone of the massive Central Valley Water Project, the dam and reservoir divert northern California rivers to irrigate agricultural land in the south. When the Shasta Dam was built in 1945, it flooded most of the Winnemem Wintu Tribe’s ancestral homeland. Current proposals to raise the dam another 18 feet could flood the remaining sites.


The Tribe describes itself and its position as:


. . . a traditional tribe who inhabits our ancestral territory from Mt. Shasta down the McCloud River watershed. When the Shasta Dam was constructed during World War II, it flooded our home and blocked the salmon runs.


The salmon are an integral part of our lifeway and of a healthy McCloud River watershed. We believe that when the last salmon is gone, humans will be gone too. Our fight to return the salmon to the McCloud River is no less than a fight to save the Winnemem Wintu Tribe.


As salmon people and middle water people we advocate for all aspects of clean water and the restoration of salmon to their natural spawning grounds.


— Sawal Mem, Sawal Suhana

(Sacred Water, Sacred Life)


The Bureau of Reclamation’s study proposing to raise the Shasta Dam to increase storage for agriculture and urban use in southern California is fraught with problems. Raising the dam would flood the remaining sacred sites of the Winnemem, destroy miles of wild trout habitat, drown thousands of acres of National Forest land, and flood 1.5 miles of the McCloud River, protected under California’s Wild & Scenic Rivers Act. It would cost more than a billion dollars. The same quantity of water could be acquired more cheaply with conservation or reuse without harming fish habitat, sacred sites, or forestland.







Drought


A drought gets people’s attention on water. The year I spent writing this book was hot and dry. More than half of the continental United States was in severe to extreme drought conditions. Kemp, Texas, experienced the worst-case scenario when the town’s water supply went dry. City officials resorted to giving out bottled water at City Hall to desperate residents until the supply tanks slowly refilled. The corn and soy belt of the Midwest was decimated. Visible effects of the drought were fish deaths, hot rivers, dry rivers, forest fires, and barges unable to operate due to low river flows. Five hundred million trees died.


To a farmer who relies on rainfall to grow crops, drought is obvious. No rain, no crops. But what is a drought in a desert city that receives 8 inches of rain a year, full of people using 200 gallons per day?


When our water system is not capable of supplying the demand placed upon it, we experience a shortage, or a human-created drought. Over-­allocations of rivers, unchecked growth, and over-drafting of groundwater all create shortages.


The conventional response to water shortages is to divert more river water, build more dams, and drill more groundwater wells. It’s becoming obvious that these aren’t long-term solutions. With the added stress of climate change on our already maxed-out systems, millions of people will face water insecurity. By the end of this century the American Southwest is predicted to experience the largest decline in precipitation in the country and could lose up to 10 percent of its annual rainfall. An unfortunate consequence of water moving through a hotter, drier climate is that more water will be lost through evaporation and more moisture soaked up by dry soil in riverbeds, further decreasing river flows.


If you live in a western state, drought and water conflict are nothing new. If you’re from the southeastern U.S., the recent droughts and interstate water conflicts have brought water supply issues to everyone’s attention. Interestingly, the “killer drought” of 2005 to 2007 was actually mild compared to past droughts, according to researchers at Columbia University. They attribute the havoc this drought caused to booming populations and lack of planning, which left water suppliers unprepared to handle any reduction in their water supply. In the aftermath, shortsighted Southeastern towns are planning dam and reservoir projects, not just conservation and reuse. Georgia alone is proposing 20 new reservoirs.


Given past experience with drought, it should be apparent that building a dam and reservoir does not guarantee a new water supply. Reservoirs are weather-dependent infrastructure. If it doesn’t rain and there isn’t water in the river, a new dam or reservoir will do little good. It will also create an enormous evaporation pool, losing scarce freshwater to the atmosphere — on average, every acre of reservoir area evaporates one million gallons of water each year.






Largest Irrigated Crop in the Country: Lawns


Italian-born NASA scientist Christina Milesi was shocked to see what Americans did to maintain a green lawn. She decided to find out how many resources we pour into our lawns. Using satellite images, aerial photos, and census data, she estimated we grow more than 63,000 square miles of lawn (three times more than corn), which guzzle 19 trillion gallons of water each year.







The Case of the Colorado


The Colorado River Basin is a sobering example of water shortages. The river is over-allocated; more water is promised than actually flows in the river. In the early 1920s, the men who divided up water allocations from the river did so during an unseasonably wet period that they mistook for normal. Today, 40 million people depend on the Colorado, and climate models predict reductions of flow in the river of 6 to 20 percent by the year 2050. Reservoirs on the Colorado River already lose an estimated 1.8 million acre-feet of water to evaporation each year, more than 10 percent of the total annual flow.


Thirsty cities like Los Angeles, San Diego, Denver, Las Vegas, and Phoenix compete for Colorado River water with Western farmers and ranchers who irrigate approximately 15 percent of the nation’s food. Mexico receives about 10 percent of the river’s flow and diverts it all for human use, to supply water to Tijuana, other northern cities, and agriculture. In 1922, conservationist Aldo Leopold described the magnificent Colorado River delta, which covered 3,000 square miles as, “Verdant walls of mesquite and willow . . . a hundred green lagoons. . . . The river was everywhere and nowhere.” Now, this once diverse ecosystem is no longer. In its place is an enormous wasteland of cracked, dry mudflats.


Modern-day conservationists, like Osvel Hinojosa Huerta, director of the Water and Wetlands program for the Mexican nonprofit Pronatura Noroeste, fight to restore the Colorado River delta. For more than a decade he’s been working to return water to the delta — even agricultural runoff or treated wastewater can help renew wetland and estuary life. Currently, the largest marsh wetland (40,000 acres) in the region is fed by drainage water from nearby farms. Experts predict that restoring just 1 to 3 percent of the river’s flow would reconnect it to the sea and could restore around 200,000 acres of delta wetlands.


Cities dependent on the Colorado are planning for the future. Disappointingly, instead of stepping up conservation efforts and investing in reuse programs, some pursue costly and energy-intensive desalination plants. Removing salt from seawater is one of the most energy-intensive water supply options, requiring two to ten times more energy per gallon than treating wastewater for reuse. San Diego bought into the one-billion-dollar Carlsbad desalination plant that will supply around 7 percent of the region’s water needs. The city has promised to buy at least 48 million gallons per day from the plant, hardly an incentive to pursue conservation or reuse.


With dozens of similar projects proposed along the California coast, it’s a key time to promote more sustainable options. Orange County is not looking for a new supply of water; instead officials are planning to increase their water recycling plant’s capacity from 70 to 100 million gallons per day. This system treats wastewater to nearly distilled water quality, for less than one-third the energy required to desalinate seawater and less than one half the energy needed to import water from Northern California.




Climate Change


Climate change experts predict the historic hydrologic cycle will be intensified. Dry areas will become drier and wet areas wetter. Storms will become more intense. Precipitation is more likely to fall as rain rather than being slowly released as melting snow. Heavy rains can overwhelm the soil’s ability to absorb rainfall, contributing to increased flooding.


It’s obvious how our water supply system is impacted by climate change: droughts reduce the supply while floods can contaminate it. Our wastewater treatment plants are vulnerable in a different way. These plants are located near the coast or rivers, and they often fail during storms and hurricanes. Flooding and power outages cause sewage overflows. And even during normal weather, our sewer plants don’t always function as designed.






Rainwater Harvesting Revives Dry Rivers


Problem: The wells in Rajasthan’s Alwar District in India had dried up. Then the streams and rivers dried up. Deforestation, resulting from Britain’s hunger for timber, caused erosion, filling up the traditional rainwater collection structures, which in turn caused monsoon rains to run off the land instead of being collected to recharge the aquifer. This environmental degradation quickly transferred to the loss of social structures. The revival of traditional rainwater collection brought water back to this dry land.


Solution: Hundreds of villages in this district have built and repaired thousands of small earthen check dams to conserve rainwater, and are reforesting denuded lands. Sixteen years later they boast of raising the groundwater table by almost 20 feet, reviving 800 dry wells, increasing forest size by 33 percent, and restoring five dry rivers to flow all year long. This small-scale, community-guided practice was good for the land, good for the people, and good for the pocketbook: the project created agricultural revenues that were four times greater than the costs of the improvements.








Sewage Treatment and Stormwater Pollution


Returning the focus back to your house: as mentioned, water leaves a home either through a sewer pipe or by rainwater (stormwater) that runs off the site. If you are connected to the sewer, all the household greywater from sinks, showers, and washing machines mixes with the toilet water, then joins the sewer pipes of all your neighbors, local businesses, and industries in your town and flows to the wastewater treatment plant.


When sewer plants aren’t threatened by sea level rise or superstorms, they are fascinating places to visit. I remember the first sewer plant I visited, in San Francisco. A river of dark, dirty water pours in, 24 hours a day. What a gargantuan task: to remove all the trash, soaps, debris, feces, urine, and dirt we put in the water. Screens take out the trash; settling tanks sink the heavy stuff. Liquid effluent is injected with oxygen so microbes can consume the nutrients. (Even the most modern plant relies on these little bugs to clean the water.) The liquid effluent is heavily bleached to kill pathogens before being dumped into the nearest river, bay, or ocean.


Even though we’ve spent billions of dollars to construct this massive system, the nation’s sewer infrastructure received a “D” on its most recent report card from the American Society of Civil Engineers. As noted on the 2013 Report Card for America’s Infrastructure, “D” represents At Risk: “The infrastructure is in poor to fair condition and mostly below standard, with many elements approaching the end of their service life. A large portion of the system exhibits significant deterioration. Condition and capacity are of significant concern with strong risk of failure.”


On a good day the nutrients and pathogens are removed from the water before discharge. Many days, however — especially when it rains or there is a power outage or a mechanical or human error — untreated sewage is released from the plant and flows into waterways (rivers, lakes, oceans). The infrastructure is aging, ailing, and expensive to fix; cost estimates are 300 billion dollars over the next 20 years.


Think how much work it is to rip up all the city streets and lay new sewage pipe. It seems as though keeping pollutants out of the water in the first place would be a lot cheaper and easier, and that using soil microbes to treat greywater as it irrigates our landscapes would make a lot more sense.




What’s Wrong with Our Sewer System?


My personal laundry list of our sewer system problems is rather long. Below is a summary of the key issues. Notably, this doesn’t include the secondary problems related to energy required to operate the plants.


Sewage plants fail. In the United States, an estimated 900 billion gallons of untreated sewage flows into waterways each year. The EPA estimates that up to 3.5 million people become sick from recreational contact with raw sewage, and this is just the reported illnesses. Beaches are closed due to sewage contamination: for three years in a row there have been more than 20,000 beach closure days in the United States. Malfunctioning sewage plants discharge nutrient-rich water, causing algae blooms and toxic red tides. Algae blooms can be hazardous for people and deadly for other aquatic life, robbing the water of oxygen. Dead zones, like those in the Chesapeake Bay, have water so depleted of oxygen that aquatic life forms die if they enter it.


Sewage treatment plants (even the most modern) don’t remove many harmful chemicals from the water. Endocrine disruptors found in plastics, disinfectants, and birth control pills interfere with the reproductive organs of fish and other aquatic life. Downstream of wastewater treatment plants, eggs are found in the testes of male fish.


Sewage treatment plants are an environmental justice issue. No one wants one in their backyard, so treatment plants — along with incinerators, toxic waste dumps, and chemical plants — are disproportionately located in low-income, immigrant, or otherwise disenfranchised communities that lack the political clout to refuse them. An array of odors waft from the plants: a cocktail of hydrogen sulfide, ammonia, methane, aerosols of microorganisms, and possibly industrial solvents and petroleum derivatives from industrial wastewater. The stink is unpleasant, as well as potentially harmful. An EPA-sponsored study found that residents living near a sewage plant near Chicago, Illinois, suffered from an increase in skin diseases, nausea, vomiting, general weakness, and shortness of breath. (Other studies have not found detectable increase in disease for nearby residents, though plant workers do have increased risk for many diseases.)


Any water leaving our home through the sewer pipe contributes to this costly and damaging sewer infrastructure. Instead, we can reuse greywater for irrigation and waterless toilets for sanitation, to turn our sewer woes into a free and available water supply to beautify our home landscapes.





When Rain Pollutes: Stormwater


The second way water leaves our homes is through rainwater runoff. This stormwater currently is the largest source of pollution in waterways. As our cities and towns urbanized, roofs and roads replaced forests and grasslands. Instead of soaking into the land, rain runs quickly off this hardscape, causing flooding and erosion downstream.


Cities have responded by constructing systems specifically for channeling the stormwater off the streets and into creeks, culverts, and rivers to flow to the sea. In some municipalities, this stormwater system connects to the sewage system, and sewer treatment plants can become overwhelmed when it rains, frequently causing overflows of untreated sewage. This is called a combined sewer system, and the overflow a combined sewer overflow, or CSO.


Stormwater runoff moves pollutants from the land into the water. Pesticides, herbicides, oil, brake fluid, polychlorinated biphenyls (PCBs), and heavy metals make their way from our urban hardscape into rivers, bays, and oceans. A sad example of urban runoff pollution’s devastating effect on wildlife is the endangered orca whale of Puget Sound. Runoff from the Seattle area has introduced so many toxins into the food chain that these whales are the most contaminated wild creatures on Earth. The salmon they eat are contaminated with PCBs, which accumulate in the orcas’ fat and suppress their immune systems. Once widely used in industry, PCBs have been banned in the United States and Canada since the late 1970s, yet these chemicals continue to contaminate waters through runoff from contaminated sites, scrap yards, and landfills.


PCB contamination is just one problem pollutant: lead, mercury, pesticides, flame retardants, and oil — more than six million gallons each year — wash off the streets and into the Sound. Now, Seattle and surrounding cities are using rain gardens and living roofs to prevent urban runoff pollution.
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Rainwater is polluted when it flows over yards and streets. Storm drains transport the pollutants into creeks, rivers, and bays.










A Better Water Future


It is exciting to see individuals all across the country rethink and redesign their home water systems. It’s even more exciting to watch it scale up when a city or water agency invests in green infrastructure and promotes decentralized systems. From Portland, Oregon, to San Francisco, California, from Tucson, Arizona, to Chicago, Illinois, large-scale change is happening.


Water suppliers such as the San Francisco Public Utilities Commission, Tucson Water, and the City of Santa Rosa offer financial incentives for both greywater and rainwater systems, as well as educational resources. In San Francisco, qualified homes even get a free on-site consultation with a local greywater expert through the city’s greywater incentive program.




Many Hands Make Light Work


You may be lucky and live somewhere with free education, rebates, or incentives to support your home’s transformation. Or you may need to approach your water district for support. In the meantime, other types of support can be cultivated. Seek out like-minded people in local watershed groups, permaculture guilds, or green-gardener-type programs. Invite your friends and family to help out with your projects. Host work parties to share the information as well as the digging. This book gives you the technical info to begin.


As you dive into the how-to portions of this book, I hope you will keep the larger implications of these systems in mind. The values of equity, environmental justice, restoration, and long-term sustainability can guide our communities to answer pressing questions such as:




	How do we balance our human needs for clean water with the needs of healthy aquatic ecosystems?


	How can we secure equitable water rights so all people have access to clean water and healthy watersheds for drinking, fishing, and cultural uses, and communities have collective control of their local water sources?


	How do we create water systems that restore and regenerate the environment rather than destroying and degrading it?


	In times of water shortages, who will decide how water is allocated?









The Living Building Challenge


The Living Building Challenge™ is the most rigorous and forward-thinking of all sustainability certification programs. For a building to qualify it must be energy- and water-neutral, promote car-free living, and be designed with beauty in mind. It also can’t use any chemicals on the “red list” (such as PVC).


One example is the Bullitt Center in Seattle, Washington, a six-story office building that opened on Earth Day 2013. This multistory, 50,000-square-foot commercial building is designed to be energy- and water-neutral. A 56,000-gallon rainwater tank collects rainwater below the building for use in the building’s showers, sinks, and drinking fountains. Greywater is filtered and purified with plants before soaking into the ground. Composting toilets (Phoenix brand foam-flush models) compost the human waste generated in the building.







Starting at Home


Our local water problems differ, but we can all find a solution appropriate for our situation. The ecologically mindful solution to our large-scale, one-size-fits-all infrastructure is to seek out regionally appropriate solutions that work in tune with natural water systems. Your own house is a perfect place to start.
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My home in Oakland, pre- and post-redesign







Reducing Rainwater Runoff


At the household level, it’s simple to solve the stormwater pollution problem. A simple rain garden, for example, can intercept runoff and prevent storm­water pollution while creating a lovely landscape feature. Or you can attempt a more ambitious project.


At the time we bought our house in Oakland, 80 percent of rainwater ran off the property into the stormwater system, ultimately contributing to pollution of the San Francisco Bay. We reduced this runoff rate to zero through a full landscape redesign — and all for less than a thousand dollars: The previous owners had paved most of the yard. We depaved it. It took two weekends, with a rented jackhammer ($200) and lots of help from our friends, followed by months of getting rid of the piles of concrete, ending with a dump truck rental ($250). We trucked in manure from a local stable and a few loads of wood chips from a tree trimmer to boost the organic matter in the compacted clay soil. Then we planted more than a dozen fruit trees, kiwi vines, a berry patch, native perennials to attract beneficial pollinators, flowers, and several vegetable garden beds ($500 in plants). The landscape became a lot more attractive and useful. Over time, the hardworking roots pushed their way down into the ground, aerating and loosening the earth, increasing the absorption capacity of our yard.



Reducing Consumption


Over the course of a few years, my household in Oakland reduced its total water consumption to 10 gallons per person per day (10 gpcd), a scant 7 percent of our region’s 140 gpcd average. Our composting toilet used no water. Our greywater systems enabled us to redirect our 50 gallons per day (5 people × 10 gpcd) out to the yard (minus a few flushes of an ultra-low-flow toilet): 350 gallons a week of irrigation water. In addition, we infiltrated all the rainfall — around 50,000 gallons each year — into the land. Our yard was lush and productive while consuming very little potable water.


Our homes are microcosms of the larger world of water issues. When the scale of water problems feels overwhelming, I return to practical solutions in my home. I feel encouraged knowing my dishwater flows to irrigate passion fruit, guava, and tree tomatoes. The relative simplicity of reconfiguring a home plumbing system or replacing a flush toilet with a composting model makes the bigger, global problems feel more manageable.






Disconnecting from the System


Problem: Portland’s combined sewer system has long been a source of contamination of the Willamette River.


Solution: In the early 1990s Portland began a plan to reduce stormwater pollution and combined sewer overflows. Green streets, ecoroofs, and downspout disconnects, all strategies to reduce stormwater runoff, have already reduced sewage overflows by 35 percent. Through a Downspout Disconnect program, more than 50,000 houses have detached their downspouts from the combined sewer to divert nearly one billion gallons per year of stormwater from the river and soak it into the ground.


In 2008 the city committed to spending 55 million dollars to invest in green infrastructure projects. To date, they’ve planted nearly 30,000 new street trees, 800 streetside rain gardens, and more than 10 acres of ecoroofs. An ecoroof is a low-maintenance, vegetative roofing system used in place of a conventional roof. It captures rainwater, reduces stormwater runoff, improves air quality, helps insulate the building (which lowers heating and cooling costs), and provides habitat for wildlife. The city also provides financial incentives for harvesting rainwater and offers free classes and technical information on rainwater catchment and greywater reuse.










Chapter 3






Saving Water in the Home and Landscape


A water-wise home consumes a fraction of the water used in a conventional home — without sacrificing modern comforts. In this chapter I will discuss a variety of techniques to create a water-wise home, including efficient fixtures, water-wise landscaping, greywater reuse, rainwater harvesting, and waterless toilet systems, as well as simple behaviors that help save water. For each technology I’ll cover how much water you’ll save, how much it costs, and the pros and cons of each technique.


The best way to start is by simply increasing the efficiency of your house so that you use less water for the same everyday tasks. This is the most economical and environmentally friendly strategy of all of these water-saving methods (strategies requiring fewer materials, particularly plastics, use fewer resources). The next step is to replumb the pipes and downspouts to supply your productive, vibrant, time- and water-saving landscape and to help prevent stormwater pollution and sewer overflows.






	Cultivating a Water-Conserving Ethic


	Fix the Leaks!


	The Mini Makeover


	Does Your Landscape Have a Drinking Problem?


	Designing a Water-Wise Landscape


	Irrigation Systems


	Greywater, Rainwater, and Waterless Toilets








Cultivating a Water-Conserving Ethic


Increasing our awareness of water helps us to conserve it. When we wash our hands, turning the faucet on halfway accomplishes the same goal as running it full blast. When we’re washing dishes and someone sparks up a conversation, we can chat with, or without, the faucet still running. We should never use precious potable water to accomplish a task in the name of convenience; for example, using water to clean driveways (the job for a broom), or running water over frozen foods to speed thawing. All of us can benefit from reflecting on water awareness, of seeing water, of noticing when it’s used — or not used — and for what purpose. I invite you to find new ways to conserve in your daily life, and model a water ethic of respect and conservation; it will be noticed by your friends, family, and coworkers.


You may be thinking, “I don’t waste water. The problem is my _______________.” (Fill in the blank with your teenager, spouse, roommate, etc.) Since we can only change our own behavior, the water-­saving systems outlined in the rest of the book will save water in your home regardless of your housemates’ habits (see Talking About Wasting Water).


Unfortunately, lack of water awareness is prevalent in our society at large and often leads to wasteful behavior. During times of acute shortages, the effects of personal behavior become an obvious community issue. What can you do if your neighbor is flagrantly wasting water during a drought and strict rationing is in place? First, assume best intentions; maybe they’re unaware. A friendly conversation about your local water situation may help. Or, share some effective techniques you’ve implemented, and even offer your help. For example, if they have an irrigation system spraying water onto the street, you could offer to help fix it. If you have a neighborhood organization, bring up water as a larger community issue and discuss strategies for your neighborhood to reduce consumption. Sometimes a little indirect pressure helps people change behavior without feeling attacked.







Talking about Wasting Water


Whenever I’m around someone wasting water, I have to bite my lip to not say something. Sometimes I say the right thing, sometimes the wrong thing, and other times I keep quiet. This is what I’ve found is often helpful:




	Approach someone blasting the faucet for five minutes while washing one dish. Say, “Can I show you something I do?” Model how to wash and rinse with a small stream of water.


	Approach someone washing a tiny load in the laundry. Say, “Oh, I have some laundry too. Mind if we combine ours to run a full load?”


	Approach someone washing a car with the hose running. Say, “Want to borrow my hose sprayer? It saves a lot of water and makes it easier to get the car clean.”


	Talk about or show where the water comes from. Hang a beautiful photograph of the river supplying your town’s water above the shower/sink.


	Consult a resource. Sometimes talking about behavior or cultural changes can be difficult. This book is a useful tool: Difficult Conversations: How to Discuss What Matters Most by Douglas Stone, et al (see Resources).












Eco-etiquette blogger Jennifer Grayson offers a great community-building suggestion to a reader in the Huffington Post:


. . . why not use this as an opportunity to organize a neighborhood green watch? Invite everyone on your street to a backyard potluck barbecue and ask them each to bring one dish and one idea for bettering the block. As you’re smiling and handing out margaritas, casually bring up your pet project: water conservation. I’m sure you’re not the only one dealing with H2O offenders, and the group might come up with some creative solutions to other environmental issues as well (people not recycling, doggie doo left on the sidewalk, etc.).


Recently, at an irrigation store in Los Angeles at the beginning of a dry summer, an employee was spraying down the concrete in front of the store. I said to him with a smile, “Hey, isn’t that illegal or something?” Other workers overheard me and said to the water-waster, “Ya, come on Dave, go get the broom washer. We’re supposed to be setting a good example here.” He stopped spraying and got out a wet-broom attachment for the hose and finished washing the concrete using much less water than before.






How Much Water Do We Use?
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Toilets, showers, and clothes washers typically use the most water in a home. Leaks can consume almost as much as faucets.








Fix the Leaks!


A sad fact: leaks waste an average 14 percent of total home water use. The toilet alone is capable of wasting thousands of gallons a day — think entire swimming pools full of wasted water every year. If you see drips in your faucet, hear the toilet running mysteriously, or find swampy areas in your irrigation system, you have leaks.




Conduct a Leak Check


Some leaks are silent and hidden. Conduct a leak check by observing the water meter (if you have one). First, turn off all faucets and irrigation systems. Next, go outside to the water meter, usually located in front of your house near the curb. Carefully lift the concrete or metal cover to expose the meter inside the meter pit. Look for a needle on the meter’s dial. If there are multiple windows or needles, use the smallest (labeled “one foot”). Mark the location of the meter by laying a toothpick or similar object over the needle. Check back in half an hour; if the needle moved, you have a hidden leak. Check with your water district if you need help reading the meter.




Leaking Toilet?


Have you ever heard water running in the bathroom when no one has used it recently? Have you noticed water move in the toilet bowl? If so, you have a toilet leak. Not sure? It’s easy to check. Remove the lid of the tank and drip a few drops of food coloring inside. Wait about 15 minutes, then check the bowl of the toilet. If you see any color in the bowl, you have a leak.






Two Types of Toilet Guts
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Toilets often leak under the flapper or over the overflow tube.








Fixing Toilet Leaks


Toilets typically leak under the flapper (the rubber trapdoor-like flap on the bottom of the tank) or over the fill, or overflow, tube (the open-ended tube extending up toward the top of the tank). First, clean the bottom of the tank and flapper; sometimes dirt prevents the flapper from closing fully, so water leaks under it into the toilet bowl. If water is leaking over the top of the fill tube, you can adjust the float or float arm on the fill valve so it lowers the water level (this is a simple adjustment, but the proper method depends on the type of fill valve, also called a ball cock). If these don’t fix the leak, you may need to replace the flushing mechanism. The Internet is full of detailed tutorials for replacing toilet parts and fixing leaks (see Resources).




Fixing Leaky Faucets and Showerheads


Drip, drip, drip. A leaky faucet wastes hundreds of gallons a month, adding up to thousands per year. Usually a dripping faucet can be fixed by replacing one or more washers, gaskets, or O-rings. On cartridge- and disc-type faucets, often it’s best to replace the offending cartridge or disc. Faucet parts are inexpensive and commonly available at hardware stores and home centers, but it’s important to get exact replacements. Take the old washer or other part to the store to prevent repeat trips.


Fixing a leak from a showerhead can be tricky because the leak actually occurs at the shower faucet, the valves of which tend to be recessed inside the wall. A cheap and easy “fix” to a drippy showerhead is to add a ball-valve shutoff before the showerhead. This is similar to the water-saving shower shutoff valve (see Water-Saving Tips); the difference is the ball valve completely shuts off the flow, whereas the other lets a drip through for anti-scalding protection. Keep the shutoff valve closed when you aren’t using the shower.
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A ball valve stops a drippy showerhead.







Leaky Irrigation?


A drippy irrigation system typically wastes between 50 and 75 percent of all the water the system normally uses. Yikes! Have you noticed an unexplained rise in the water bill? Dry or wet patches in the yard, or otherwise poor performance of the system? If so, you may have a leak. Irrigation systems in cold climates are especially prone to developing leaks, as any water left in the system can freeze in the winter and rupture tubing and other parts.


Check the supply lines of a drip irrigation system; they’re often on the surface of the ground or under a shallow mulch layer. Turn on the irrigation system, and repair leaks by tightening loose clamps, plugging small holes, or cutting out damaged sections and reconnecting the tubing with repair couplings. Repairing leaks in an underground sprinkler system can be a more difficult task. Sprinkler owners could take this opportunity to upgrade to something more efficient, such as a drip irrigation system.




Average U.S. Daily Indoor Water Use Vs. Average Use in Water-Efficient Home (35% reduction)
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Sources: Residential End Uses of Water (Denver, CO: AWWA Resource Foundation, 1999); Handbook of Water Use and Conservation, Amy Vickers (WaterPlow Press, 2012)



The Mini Makeover


A simple “mini makeover,” such as switching out water-guzzling fixtures and appliances for efficient models, can lower total household water use by up to 35 percent. These water savings translate to energy (and money) savings, and lower your home’s carbon footprint.


Imagine a nice hot shower. Spend five minutes under a standard 2.5-gallon-per-minute (gpm) showerhead, and you’ll use 121⁄2 gallons of water. Spend five minutes swapping out the showerhead to a more efficient model using 1.5 gpm, and the next shower will use 71⁄2 gallons, a 40 percent reduction in water and energy. Each person using the shower will save around 1,300 gallons of water each year.


Upgrading your washing machine can save even more. An old top-loading washing machine uses around 40 gallons per load, while the most water-­efficient front loaders use around 12. The Alliance for Water Efficiency estimates a family of four could cut its washing machine water use to half, or less, with an efficient machine — from 12,000 gallons a year to 6,000 gallons a year.


The Water Use chart above offers a glance at 35 percent savings on everyday household fixtures and appliances. How much you use in your home may differ from these numbers. In chapter 4 you’ll calculate your personal water use.







Water-Saving Tips


There are many options for saving water. Here are some simple solutions you can implement in your home, including relative cost and amount of water savings for each method.
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	Install a low-flow showerhead (1 gpm or 1.5 gpm).
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	Install a shower shutoff valve. How it works: A manual shutoff valve on the showerhead allows you to turn the water on and off between soaping and rinsing without having to mess with the shower’s faucet valves; the water temperature stays the same.
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	Catch “clear water” in a bucket as the shower heats up. Use the water for plants or to “bucket flush” the toilet (pouring water swiftly into the toilet bowl creates a flush).
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	Take shorter showers.
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	Take fewer baths. If you take baths for health reasons, consider investing in a soaking tub that uses less water.
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	Share the bathwater with your family.
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	Fill the tub up partway.
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	Install a low-flow aerator (often available free from local water agencies) on sink faucets. A low-flow aerator typically replaces a standard aerator and reduces the flow of water.
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	Turn off the water while shaving. Fill the bottom of the sink with a few inches of water to rinse the razor.
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	Don’t turn the faucet on full blast; halfway gets the job done.
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	Install a low-flow or dual-flush toilet. Water companies often give rebates for these.
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	Make your own “low-flow” toilet: Reduce the amount of water in the tank by putting a river rock or a plastic bottle, weighted down with water and rocks inside, in the toilet tank reservoir, ensuring it doesn’t impede the flushing or filling mechanisms of the toilet. (This doesn’t work as well as a low-flow toilet, so install a real one if you can.)
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	Flush judiciously: “If it’s yellow let it mellow. If it’s brown flush it down.”
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	Get a waterless toilet.
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	Don’t turn on faucet full blast.
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	Use a dishpan in sink for hand-washing dishes.
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	Use less soap on dishes to avoid unnecessary rinsing of excess soap.
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	Install a shutoff switch on the faucet. It allows you to quickly turn faucet on and off by flipping the switch up or down.
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	Run dishwasher only when completely full.
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	Experiment to see how little you need to clean the dishes before putting them in the dishwasher. If you have to practically wash them before the dishwasher does, you will save water and energy by skipping the dishwasher altogether. Or, to save water when “pre-washing,” thoroughly scrape food scraps into the compost, then use a basin of cold water to rinse dishes before placing them into the dishwasher.
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	Convert your swimming pool to a rainwater harvesting tank and visit the local pool when you want to swim.
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	Use a pool cover if you must have a pool; covers reduce pool water loss by 30 percent.
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	Remove the lawn and replace with beautiful perennials adapted to your climate or fruit trees grown with greywater. (Instead of tearing up the turf, simply cover it with cardboard, add compost on top, then wood chips. Plant directly through the cardboard.)
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	Choose a type of grass suited for your region to lower the need for lawn irrigation.
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	Do you have to run the water for several minutes before it heats up in the shower? Install a recirculating pump to avoid wasting water while it heats up. This pump recirculates water in the pipe until it’s hot.
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Daily Water Use


The United Nations recommends that each person on Earth have 13 gallons of water per day for drinking, cooking, and cleaning. Per-capita water use varies greatly around the world, even among rich countries.




	United States — 100 gallons


	United Kingdom — 40 gallons


	Germany — 51 gallons


	Mozambique — 1 gallon








Does Your Landscape Have a Drinking Problem?


Many landscapes do. They drink a lot, and they drink the wrong stuff: the potable, treated, and pressurized water. Many homes use as much water in the yard as for all indoor purposes: 50 percent inside, 50 percent outside. In hot, dry climates an even higher portion is used outdoors. Reducing water used in the landscape is critical for a water-wise home. This section provides an overview of design and techniques to save water in your landscape. Many methods can be used in conjunction with rainwater harvesting and greywater reuse.




Water-Smart Landscaping


A water-smart landscape does not rely on fresh­water irrigation to thrive. Plants are adapted to local climate conditions and grow well without fertilizers or pesticides. Plants that require frequent irrigation, like a vegetable garden, optimize water use through


healthy soil and mulch, while supplemental irrigation comes from rainwater or greywater instead of the tap. Water-smart landscapes should also be ecological, minimizing use of resources, such as gas mowers or trimmers, herbicides, or imported building materials, and focusing on plants that improve the productivity of the land by providing food, building materials, shade, natural fences, or wildlife habitat.


Well-designed landscapes prevent stormwater pollution, recharge groundwater tables, and require less input from people than a lawn or rose garden does. They are friendly to our oceans, bays, rivers, creeks, and salmon; they protect local watersheds. All of us, whether we live in the desert or get 60 inches of rain a year, can create beautiful, productive landscapes that consume no water from the tap. And they most certainly will not all look the same.


The Landscape Problems




	On average, most homes in the U.S. use the same amount of water outside for irrigation as they do inside the home for all other uses.


	Irrigating with drinking water wastes chemicals and energy (that were used to treat the water and transport it to your home).


	Conventional landscapes require water, fertilizers, and often pesticides to survive. These pollute waterways when they’re washed away in the rain.


	Many irrigation systems waste enormous quantities of water as they over-irrigate.







The Landscape Solutions




	Pick the right plants for your region. We don’t expect the weather to be the same in Phoenix and Seattle; why should we see the same backyard landscapes?


	Group plants by their water needs


	Irrigate in the morning or evening to prevent evaporation loss


	Replace spray irrigation with drip irrigation. Spray irrigation loses water to evaporation and runoff.


	Use smart controllers that run on current weather data or use soil moisture sensors, instead of standard programmed controllers that tend to over-irrigate (they don’t know when to shut off or reduce irrigation as the weather changes).


	
Improve soil health to improve the plants’ health. Healthy plants look better and won’t tempt you to give them extra water because they look sickly.


	Use rainwater and greywater as the primary sources of irrigation water








Designing a Water-Wise Landscape


Whether you’re designing an entirely new landscape, redesigning your existing yard, or making simple water-wise improvements over time, incorporate water-wise techniques from the start. Design the garden so plants requiring frequent irrigation are near a greywater or rainwater source and, once established, the remaining plants thrive without irrigation.


Most people will start small and make incremental changes to transform an existing landscape. If this is your plan, start by creating an overall landscape design as a guide. It will help you prioritize projects and envision how the pieces will fit together. This is a strategic time to consult with an ecological landscaper. Even a one-hour consultation with a professional can be extremely valuable. Find someone who specializes in sustainable practices with a focus on the type of landscape you love, be it native plants, butterfly gardens, food forests, or edibles.




Water-Wise Landscaping Techniques


Choose plants adapted to your climate. Every place has a wide array of locally adapted (native) plants that evolved to live and thrive in that bioregion. Once established, these plants require no water and no fertilizers. Exotics from a similar climate also grow well with little water or inputs. Also, choose plants adapted to the location you will plant them. For example, native wetland plants will not do well without irrigation since they have adapted to living in a wet area.


Right plant, right place. Choose the proper location for each plant. For example, sun-loving plants don’t do well in the shade, and large trees planted right next to the house will only cause problems. Remember to plan for the mature size of the plant and give it the necessary room needed to grow to its full size.


Marvelous mulch. Add an organic mulch cover of wood chips, straw, or other similar material, several inches thick. Mulch acts as an insulating blanket, shades the soil, reduces evaporation loss, and suppresses weeds. In the vegetable garden use thick straw mulch — it’s easier to move out of the way to harvest and plant.


Arrange plants by water needs. Organizing your landscape into groups of plantings with similar water needs, called hydrozoning, facilitates water-efficient irrigation.


Locate high-water-use plants, such as vegetables, near the house where they can be irrigated with greywater or rainwater.


Moderate-water-use plants require some supplemental irrigation. Plant them where they can be irrigated with rainwater or greywater.


Low-water-use plants — native plants, or exotics from a similar climate — grow without supplemental irrigation. Use them to vegetate the rest of your landscape with no supplemental irrigation other than the rain falling from the sky.


Feed the soil. Healthy soil grows healthy plants. Adding compost is an easy and effective way to improve the soil. Compost improves the structure of soil, increasing aeration and water-retention characteristics as well as providing nutrients for plants.


Keep your overall goals in mind. You may need to remove poorly suited plants from the landscape (water hogs, sickly or disease prone ones, etc.). Don’t feel bad about replacing them with more suitable plants. Try to think of your landscape as an ­ecosystem instead of as individual plants.


Create rain gardens to infiltrate rainwater into the soil to irrigate sections of the landscape.


Install greywater systems to irrigate plants requiring supplemental watering.




Steps to Designing Your Water-Wise Landscape


A full landscape (re)design is a big project. The changes required to make your landscape water-wise





A Note about Natives


A native plant from your area is adapted to thrive in your local climate, with only rainfall and snowmelt for irrigation. However, there is a large variation between microclimates and bioregions; many native plants are identified as broadly as by what state they are from. A native plant from my state, California, could be from the desert, a high-elevation alpine meadow, an oak savanna, a coastal riparian stream, or a wetland marsh. You can imagine these plants have very different needs and water requirements, and many would not thrive in my yard in Los Angeles.


A native-plant nursery (especially one specializing in very local plants) is a great place to find water-thrifty plants suited for your yard. Native plant societies also might offer guidance, or you can head out to a nearby natural area to observe local specimens in their wild habitats. Seek out places similar in exposure, soil type, and moisture to your yard. You’ll see natives and locally adapted exotics, as well as some pushy, invasive plants (don’t plant these!).


Also notice how the plants change with the seasons. Many plants do not stay green all year long: landscaping expectations of year-round green and flowering plants are contrary to nature and the seasonal changes of plants. Fall browns and yellows are beautiful, too. Tall, elegant seed stalks and their natural die-off remind us of the cycle of life and death. And if you decide you only want greenery, find the evergreen natives from your climate, be it ocotillo cactus or juniper hedges.







depend on your current landscape, your goals, and your budget. Below I’ll go over some basic steps and considerations for designing a landscape (see Resources for additional information).


Always keep your goals in mind throughout the process: What do you want from your landscape? Talk to your family and housemates about their wishes. Start with the big picture and leave details, like plant selection, for later on in the design process. Remember to consider (and notify) your neighbors if anything in your plan will affect them, such as removing trees, adding tall plants that could shade their yard or house, etc., and don’t shade their home in a negative way (e.g., block the winter sun). There may be legal requirements around this also; check with your local government.
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