
		
			[image: ]
		

		
			
				1

			

		

		
			[image: ]
		

		
			
				Daniel Schoeman

			

		

		
			
				RAINWATER

				HARVESTING

			

		

		
			
				A Comprehensive Step-By-step Manual

			

		

		
			
				WATER STORAGE

				&

			

		

		
			[image: ]
		

	
		
			
				Copyright © 2024 Daniel Schoeman

				All rights reserved.

				ISBN-13: 978-0-7961-4354-9 

			

		

		
			
				Note To Readers.

				The information provided in this book is designed to provide helpful information on the subjects of water management. This book is a reference guide present-ed solely for educational and entertainment purposes. The author and publisher are not offering it as profes-sional services advice. While best efforts have been used in preparing this book, the author and publisher make no representations or warranties of any kind and assume no liabilities of any kind with respect to the accuracy or completeness of the contents and specifically disclaim any implied warranties of mer-chantability or fitness of use for a particular purpose. No warranties or guarantees are expressed or implied by the publisher’s choice to include any of the content in this volume. Neither the publisher nor the individ-ual author shall be liable for any physical, psycholog-ical, emotional, financial, or commercial damages, including, but not limited to, special, incidental, con-sequential or other damages. Our views and rights are the same: You are responsible for your own choic-es, actions, and results. 

				References are provided for informational purposes only and do not constitute endorsement of any web-sites or other sources. Readers should be aware that the websites listed in this book may change.

			

		

		
			
				Editing by J.D. Bloomingdale

				Art production and Book design by A.D. Schoeman

				Cover design and Illustration by A.D. Schoeman

				All illustrations done by A.D. Schoeman and the

				Inkscape Openclipart project

			

		

	
		
			
				[image: ]
			

			
				
					RAINWATER

					HARVESTING

				

			

			
				
					WATER STORAGE

					&

				

			

			
				
					Edited by J.D. Bloomingdale

				

			

		

	
		
			
				4	﻿

			

		

		
			
				"Water is the driving force of all nature."

				- Leonardo da Vinci
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				Dear Reader

				“Thanks for purchasing this book. 

				If you found the information in this book helpful, then please consider leaving an honest review on your favorite store. 

				It would be greatly appreciated.”
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				This book is a guide about how to harvest rainwater and it is designed to help you, the DIY enthusiast. To make the most of this guide, it is recommended that you read it from cover to cover. 

				You will get ideas for new setup designs or installations.

				You will find a step-by-step guide for installations.

				You will find information needed for maintenance or repairs.

				If you are interested in a specific topic, then you can skip to the sections you are most interested in.

				If you are new to plumbing and DIY, read this book from cover to cover.
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				Tags

				Each unit will have a series of tags to help you find the right topic.

				They include:

				My Strategies

				At the end of every chapter you will find a “My Strategies” page that consists of a check-list that provides the user with a summary of the most critical sections of the unit. 

				Tick the box if you feel that you have a firm grasp of the concept intro-duced, and only move on to the next chapter once all the boxes have been checked.

				Installation Sections

				For completeness sake, we added the complete installation process to the “installation sections”, which means that previously covered instal-lations might be repeated when part of a larger project. 

				Example: Gutter installation is an installation section on its own, but it might be repeated as part of the complete tank installation.

			

		

		
			
				Recommended
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				There are many reasons why we as land owners eventu-ally decide to look to the skies for help in the form of precip-itation. Most people are satis-fied with their municipal water, but the concept of harvesting something that is “free” and provided by nature wakes up the survivalist in all of us, and inevitably we start to look for alternative ways to sustain our homesteads. By not collecting rainwater, you are allowing this precious resource to go to waste and to flow into the ground or down the road into the storm-water drains.

				These days more and more people are investing in rain-water harvesting systems and 

				some of the main reasons are:

				Economics

				Investing in a rainwater harvesting system reduces pressure on future water infrastructure cost.

				An immediate reduction in your monthly water bill.

				Having an additional supply of stored water (calculated) can offset your insurance premiums in areas prone to wildfires.

				Survival

				Quality. Depending on where you live, rainwater can be of a better quality that municipally treated water. Having said that, it is still best to test your water before you and your family ingest it.

				Lack of main water line. Living in rural areas can be very hard and lack of mu-nicipal water can make a property uninhabitable.

				Poor groundwater resources in your area.

				Looking for a backup source 
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				IMPORTANT NOTICE

				Rainwater is a fantastic resource, but we urge the reader to be very cautious when it comes to the po-tability aspect of water harvest-ed from a roof. Factors like roof surface, the local environment and presence of industrial plants in your area, will all affect your water quality and the smart op-tion is to test your water before you deem it safe for drinking.
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				of water. Water restrictions due to droughts, overuse, or damage to the local water infrastructure can bring a homestead to its knees.

				Environmental

				Rainwater is an excel-lent option for plants and wildlife. It has not been chemically treated and can provide plants with all the nutrients they need.

				Rainwater can feed dams and ponds on your property, which in turn can be used by local wildlife and farm animals.

				A reduction in storm-water runoff which in turn limits the spread of chemicals, metals and pesticides in some areas.

				Rainwater can be used to fight wildfires and to pre-vent the spread of fires.

				Harvesting rainwater slows erosion in dry environ-ments.

				The good news is that if you have a structure with a roof on your dwelling, then you can consider a rainwater harvest system. 

				In this guide we will introduce a 9-step approach to rainwater 

				harvesting that will put you in the driver’s seat when it comes to collecting, storing and clean-ing rainwater.

				Your 9-step approach:

				Your Rainwater Needs:

				Determine precipitation prob-ability in your area.

				Do local government regula-tions affect you?

				Determine the end-use of your system. Affordability, indoor and outdoor use, po-tability.

				Catchment area: Evaluate available rooftops for rainwa-ter collection.

				Conveyance system: 

				Gutters And Downspouts

				Conduits

				Roof washer: Filter leaves and debris and divert the first flush of rainwater.

				Storage: Holding Tanks

				Delivery: Pumps And Solar Design

				Treatment: Cleaning And Purifying

				Maintaining your sys-tem: Weekly, Monthly, Annu-ally

				Weather: Patterns And Systems
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				New Projects And Common Sense

				Safety is everything! Wheth-er you dig, install, buy, mod-ify or remove, remember to use your common sense and to put safety first. Safety applies not just to you, but to children, visitors, workers, livestock, pets and wild ani-mals.

				Follow local laws and regu-lations and avoid unwanted attention. Keep everything le-gal and obtain permits where needed.

				Buy quality. If it sounds too cheap, it probably is. Avoid tanks, filters and pumps im-ported from countries known for their cheap prices. Why take a chance on something that's function is to sustain you? 

				Example: Use Schedule 40 PVC pipe and avoid the thin-ner, cheaper selections. Every storage container, no matter how big or small, must be food grade quality or have a food grade liner on the in-side. Don't use any container that was previously used for chemical storage.

				Know how to repair and maintain all systems related to water on your property. Keep spare parts.

				Always have a backup plan. Pumps use electricity. What will you do when there’s no power? Be prepared for any worst-case scenario.

				Test your water! Wheth-er from a lake, river, well or rooftop, always have it tested. If unsure about the presence of pathogens, boil it. Never assume anything. Always have a water test kit at hand. They are reliable, in-expensive and simple to use. When in doubt, test first!

				Make nice with your neigh-bors. Communities create a network of trust and cooper-ation. Try to find like-minded people in the community and reach out to them. 

				This is not just about getting, but also about giving.

				Research. Don't take re-sources for granted. Use the websites provided by gov-ernment agencies that are responsible for environmental protection, disease control and water management. 
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				Safety

			

		

		
			
				Wear appropriate protective gear: Prioritize personal protective equipment like safety goggles, ear protection (if applicable), and stur-dy footwear to ensure your safety during installation. 

				Control Electrical Hazards: If your rainwater harvesting system involves electrical components, take necessary precautions and ensure the system is properly grounded.

				Proper Safety Care: Before installing the system, evaluate the instal-lation site. Identify any potential hazards such as uneven terrain, over-head power lines, or obstructions. Clear the area of debris or objects that could pose a risk during the installation process.

				Ladders: If your installation involves working at heights, such as installing gutters or downspouts, use proper ladder safety techniques. Ensure the ladder is stable, positioned on solid ground, and follow proper climbing procedures.

				Preventative Maintenance: Utilize the correct tools and equipment for the installation process. Inspect your tools to ensure they are in good working condition and follow the manufacturer’s instructions for their safe use. After installation, establish a routine maintenance schedule and conduct regular inspections of the system.
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				The available rainwater volume in households can be estimated based on the local precipita-tion, catchment area, and tank size, which are all variables that can be determined through research and consulting local govern-ment offices.

				Household size will be a critical aspect of this research, since poten-tial rainwater-use dis-tribution will be heavily affected by the number of consumers. 

				Let’s delve deeper to find some answers!
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				Rainwater harvesting is an ancient yet ef-ficient practice that involves collecting, storing, and delivering water to meet end-use demand. Collecting rainwater makes sense on so many levels, and these days, it is an obvi-ous choice whether you live in the city or out in the country. In this chapter, we will look at the numbers required to put an effective rainwater system into action, specifically how they apply to the following four components: 

				Rainfall. The rainfall figures in the geographic region the property is located will simply tell you if it rains enough.

				The roof collection area. The roof functions as the collection area and basically the larg-er the roof area, the more rainwater you can harvest. Know how to size a catchment area. 

				Tank size. Appropriately sized tanks/cisterns can be used to store the harvested rainwater.

				Household size. Does it rain enough to pro-vide for every person (and pet) in the house-hold? How much water do you need?

				(Numbers can be estimated or calculated.)
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				Rainfall

				Local weather statistics will pro-vide you with a relative accu-rate portrayal of monthly- and yearly rainfall, droughts, floods, as well as expected extreme weather patterns. 

				It is best to use rainfall data from the nearest station with comparable conditions. These numbers can be obtained from your local municipality, govern-ment offices, or the local Meteo-rological Department, but a quick search on a web browser will also provide you with a realistic pic-ture. If you are familiar with GIS mapping software then you can access specific rainfall numbers and distribution patterns for any location on earth. When looking at rainfall statistics consider the following:

				 intensity 

				 duration 

				 distribution

				 visible patterns

				These characteristics must be investigated to get an accurate picture and to decide whether your location is suitable. Rainfall is the most unpredictable of vari-ables and to determine the poten-tial rainwater supply for a given catchment, reliable rainfall data is required, preferably for a period of at least 10 years.

				The number of annual rainy days 

				influences the need and design for rainwater harvesting. For example, the fewer the annual rainy days in a region, the higher the need for a rainwater collec-tion system. In areas prone to droughts and where the dry peri-od is too long, big storage tanks will be needed to store rainwater; it can even be feasible to recharge the rainwater into the groundwa-ter for storage. (See p.47)

				The Roof Collection Area

				First, let’s look at the catch-ment area of the structure for this is the first point of contact for rainfall. Sizing your roof catch-ment area (fig. 1.1) will allow you to determine how much water you can harvest. Your roof surface area is the size of your roof, calculated in square meters or feet. This number is available on the building plans for the house. Alternatively, you can also use Google maps and certain apps to determine the area of the roof. As a last resort you can also measure it by hand with a measuring tape. If you look at figure 1.1 you will see that the angle of the roof’s slope does not change the calcu-lation of the catchment area. We call this the roof footprint.
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				Roof Material – The material of the roof is not a crucial element of the process. Metal surfaces are best, but some modern asphalt shingles can also work depending on quality. The main issue with roof material is to make sure that contaminants don’t enter your wa-ter tanks (see p.54).

				Slope – During a rain event the slope of the roof will affect the runoff rate. A smooth and steep roof will shed runoff quickly and it will also ensure the removal of most contaminants. A flatter roof made of a rough surface (like shingles) will cause the water to flow at a slower rate and this rais-es the potential for contaminants to enter the gutter system. The runoff coefficient for any roof or catchment can be defined as the ratio of the volume of water that runs off a surface to the volume of 

				rainfall that falls on the surface. 

				By using the runoff coefficient of the roof, the water harvesting po-tential of a site can be estimated (see p.52).

				Let’s take a look at typical runoff coefficient values for the different roof types.
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					Type of roof

				

				
					Runoff coefficient

				

				
					Concrete roof

				

				
					0.70

				

				
					Tiled roof

				

				
					0.75

				

				
					Asbestos sheet

				

				
					0.80

				

				
					Galvanized iron sheet

				

				
					0.90

				

				
					Manual on Construction and Maintenance of Household Based Rooftop Water Harvesting Systems, Report prepared by AFPRO (Action for Food Production) for UNICEF

				

				Now that we know what the catchment area, roof material, slope and runoff coefficient entail, we can use these variables to calculate the harvesting potential of your dwelling.

			

		

		
			
				Fig. 1.1
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				Calculations - To accurately calculate the rainwater harvesting po-tential of a dwelling, we use the following formula: 

				V = A x R x C x 0.623* (gallons)

				V = A x R x C (liters)

				(* The value of 0.623 is a conversion factor that converts inches of rainfall over a square foot area, to total volume of gallons rainwater.)

				V = Volume of available water, measured in gallons (gal) or liters

				(L).

				A = Roof catchment area measured in square feet (ft2) or square meters (m2).

				Length x Width = Catchment area 

				(No matter if roof is flat or pitched)

				R = Yearly or Monthly rainfall, measured in inches or millimeters (mm).

				C = Collection surface efficiency: 0.8 is an average. (Meaning the percentage of precipitation that appears as runoff. Smooth materi-al like metal has a high efficiency, clay has a low efficiency. See the table on the previous page.)

				Collection calculation for gallons (per month):

				V = Catchment area (ft2) x Rain (inches per month) x 0.8 x 0.623

				Collection calculation for liters (per month):

				V = Catchment area (ft2) x Rain (inches per month) x 0.8

				Example (Imperial system):

				V (gallons) = A (ft2) x R (inches) x C x 0.623

				1000 ft2 x 2 inches (month) x 0.8 x 0.623 = 996.8 gallons (month)

				Example (Metric system):

				V (Liters) = A (m2) x R (mm) x C

				V = 90 m2 x 50 mm x 0.8 = 3 600 Liters (month)

				There is no conversion factor necessary for the metric system.

				Note that you can make a yearly or monthly calculation with the same formula.
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				Tank Size

				When determining the appropriate size for a water tank, it is crucial to consider the rainwater yield (supply) and/or water consumption (de-mand). These factors hold significant importance for two key reasons. Firstly, if the tank is undersized, it means that you won’t be able to collect the necessary amount of water. Conversely, if the tank is over-sized, you will end up collecting more water than you actually need, resulting in water stagnation, which is far from ideal. 

				Take note that, for a rough estimation and without delving into precise calculations, you can simply consider an average of 270 gal/1000 L pp. Do this if you have a main water line and where rainwater will mostly be used to offset your monthly water bill.

				If however, you are serious about rainwater harvesting, then you have four options when it comes to calculating tank size:

				1. Using Annual Consumption And Longest Dry Period

				You can use a very simple method to calculate the largest storage tank requirement based on consumption rates and occupancy of the home. If you live in an area with long dry spells, consider the following:

				1: Daily Water Consumption(DWC) x Number of people(N) x 365 

				 = Annual Consumption (AC)

				2: (Annual Consumption x Dry period)÷365 = Recommended tank size

				Example (imperial measurements):

				
					Formula:

				

				
					Calculations:

				

				
					Step 1: DWC x N x 365 = Annual Consumption (AC)

					Step 2: (AC x Dry period) ÷ 365 = Tank size

				

				
					Step 1:

					DWC x N x 365 

					= Annual Consumption (AC)

					5.3gal x 4 x 365 = 7738 gallons

					Step 2:

					(AC x Dry period) ÷ 365 = Tank size

					(7738gal x 15) ÷ 365 = 318 gal-lons

				

				
					Example:

				

				
					Daily Water Consumption per person per day: 

					DWC = 5.3 gallons

					Number of people per household: 

					N = 4

					Longest average dry period: 

					15 days

				

			

		

		
			
				270 gallons (1000 liters) per person = Recommended tank size
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				Example (metric measurements):

				
					Formula:

				

				
					Calculations:

				

				
					Step 1: DWC x N x 365 = Annual Consumption (AC)

					Step 2: (AC x Dry period) ÷ 365 = Tank size

				

				
					Step 1:

					DWC x N x 365 

					= Annual Consumption (AC)

					20L x 4 x 365 = 29200 liters

					Step 2:

					(AC x Dry period) ÷ 365 = Tank size

					(29200 x 15) ÷ 365 = 1200 liters

				

				
					Example:

				

				
					Daily Water Consumption per person per day: DWC = 20 liters

					Number of people per household: 

					N = 4

					Longest average dry period: 

					15 days

				

				This simple method assumes sufficient rainfall (with dry spells) and a catchment area which is adequate, and is therefore only applicable in areas where this is the situation. It is a method for acquiring rough estimates of tank size.

				2. Using Roof Size And Annual Rainfall

				In low rainfall areas or areas where the rainfall is of uneven distribu-tion, more care has to be taken to size the storage properly. To get a more accurate picture we need clearly defined variables. For this calcu-lation, we will only use the supply of water from your roof to determine tank size. Water usage is not factored in. 

				This calculation allows you to estimate the maximum volume of water you can harvest during a rain event, in gallons and in liters. 

				The general rule is that the tank size should be around 5% of the an-nual rainwater supply, or of the annual demand. Therefore a coefficient of 0.05 is applied to calculate 5% of the annual rainwater supply.

				Roof catchment area in ft2(A) x Annual rainfall in inches(AR) x 0.623 x 0.05 = Recommended tank size (in gallons) 

				(* The value of 0.623 is a conversion factor that converts inches of rainfall over a square foot area, to total volume of gallons rainwater.)

				Roof catchment area in m2(A) x Annual average rainfall in mm(AR) x 0.05 = Recommended tank size (in liters)
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				Example (imperial measurements):

				
					Formula:

				

				
					Calculations:

				

				
					A x AR x 0.623 x 0.05 = 

					Recommended tank size in gallons

				

				
					A x AR x 0.623 x 0.05 

					= Recommended tank size

					1076ft2 x 17.7inch x 0.623 x 0.05 = 593 gallons

				

				
					Example:

				

				
					Roof catchment area: A = 1076 ft2

					Annual Rainfall: AR = 17.7 inch

					0.623 is a conversion factor

					0.05 is to give us our final tank volume, which is 5% of a year’s water

				

				Example (metric measurements):

				
					Formula:

				

				
					Calculations:

				

				
					A x AR x 0.05 = 

					Recommended tank size in liters

				

				
					A x AR x 0.05 

					= Recommended tank size

					100m2 x 450mm x 0.05 

					= 2250 liters

				

				
					Example:

				

				
					Roof catchment area: A = 100m2

					Annual Rainfall: AR = 450mm

					0.623 is a conversion factor

					0.05 is to give us our final tank volume, which is 5% of a year’s water

				

				3. Using Roof Size, Annual Rainfall And Loss Of Water

				If you are worried about water loss due to evaporation, splashing or filter efficiency, then you can consider a more “complete” calculation where both the drainage coefficient and filter efficiency are included:

				The Drainage coefficient (D) takes into consideration the loss of water due to evaporation, overflow and splashing against gutters. We use 0.80 for this number, which means 80% of the water will make it into the tanks.

				The Filter efficiency(F) takes into consideration the loss of water due to clogged or dirty filters. We also use 0.9 for this number, which means that 90% of the water will make it into the tanks.
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				Roof catchment area (f2) x Drainage coefficient x Filter efficiency x Annual rainfall x 0.05 x 0.623 = Recommended tank size (gallons)

				(* The value of 0.623 is a conversion factor that converts inches of rainfall over a square foot area, to total volume of gallons rainwater.)

				Roof catchment area (m2) x Drainage coefficient x Filter efficiency x Annual rainfall x 0.05 = Recommended tank size (liters)

				Example (imperial measurements):

				
					Formula:

				

				
					Calculations:

				

				
					A x D x F x AR x 0.05 x 0.623 = 

					Recommended tank size in gallons

				

				
					A x D x F x AR x 0.05 x 0.623

					= Recommended tank size

					1076 f2 x 0.8 x 0.9 x 31.5 inch x 0.05 x 0.623 = 760 gallons

				

				
					Example:

				

				
					Roof catchment area: A = 1076 f2

					Drainage coefficient: D = 0.8

					Filter efficiency: F = 0.9

					Annual Rainfall: AR = 31.5 inches

					0.05 is to give us our final tank volume, which is 5% of a year’s water

					0.623 is a conversion factor for inches to gallons

				

				Example (metric measurements):

				
					Formula:

				

				
					Calculations:

				

				
					A x D x F x AR x 0.05 = 

					Recommended tank size in liters

				

				
					A x D x F x AR x 0.05 

					= Recommended tank size

					100m2 x 0.8 x 0.9 x 800mm x 0.05 

					= 2880 liters

				

				
					Example:

				

				
					Roof catchment area: A = 100m2

					Drainage coefficient: D = 0.8

					Filter efficiency: F = 0.9

					Annual Rainfall: AR = 800mm

					0.05 is to give us our final tank volume, which is 5% of a year’s water

				

				Remember that due to the fact that these are annual average rainfall numbers, we have to use a constant of 0.05 to give us our final tank volume, which is 5% of a year’s water.
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				4. Using Daily Water Consumption

				Some calculations use the supply of water off the roof, but ignore your water usage. Some homes have very large roofs with only two occupants and this can be problematic, since the calculation will recommend a very large tank. In situations like this, we have to take daily water consumption into consideration. 

				Estimate the water consumption as follows: 

				Number of people(N) x Daily Water Consumption(DWC) x 365 x 0.05 

				= Recommended tank size

				The general rule is that the tank size should be around 5% of the an-nual rainwater supply, or of the annual demand. Therefore a coefficient of 0.05 is applied to calculate 5% of the annual rainwater supply.

				Example (imperial measurements):

				
					Formula:

				

				
					Calculations:

				

				
					N x DWC x 365 x 0.05 = 

					Recommended tank size in gallons

				

				
					N x DWC x 365 x 0.05 

					= Recommended tank size

					4 x 5.3gal x 365 x 0.05 

					= 386.9 gallons

				

				
					Example:

				

				
					Number of people: N = 4

					Daily Water Consumption per person: 

					DWC = 5.3 gallons

					0.05 is to give us our final tank volume, which is 5% of a year’s water

				

				Example (metric measurements):

				
					Formula:

				

				
					Calculations:

				

				
					N x DWC x 365 x 0.05 = 

					Recommended tank size in gallons

				

				
					N x DWC x 365 x 0.05 

					= Recommended tank size

					4 x 20L x 365 x 0.05 

					= 1460 liters

				

				
					Example:

				

				
					Number of people: N = 4

					Daily Water Consumption per person: 

					DWC = 20 liters

					0.05 is to give us our final tank volume, which is 5% of a year’s water
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				Household Size

				Knowing your water usage, helps you understand how much rainwater you need to be able to harvest for day-to-day use. It is important to realize that water-use throughout the year often varies with the sea-son. Most people use more water in the warmer months for gar-dening, washing cars, and oth-er outdoor uses. If you conduct your water audit in the winter or fall, you should still consider the additional water you use in the summer months. The American Water Works Association (AWWA) estimates that the average in-door water-use per person is 94 gallons (355L) of water per day; this does not take into ac-count outdoor water-use (water-ing lawns, washing cars, etc.). 

				If you live in an area with mains water, your historical water bills may be a handy way to gain some insight into your family’s water consumption habits. Many wa-ter utilities provide customers with bills that contain information regarding the amount of water consumed and average daily con-sumption during the billing period. 

				If the average daily consumption is not provided, you can calculate it by dividing the total amount of water used by the number of days in the billing period. Determine whether your water is measured 

				in cubic meters (m3 ), cubic feet (ft3), gallons (gal), or liters (L) and convert to gallons.

				For converting into gallons, use the following conversion factors:

				 m3 x 264 = gal

				 ft3 x 7.48 = gal

				 L x 0.264 = gal

				Calculating Water Use With A Meter

				If your water bill does not provide water consumption data, then you can read your water meter to obtain this information. Water meters measure the total amount of water used in your home and are usually located at the proper-ty line or in the house. The meter may measure in cubic meters, cubic feet, gallons, or liters. To obtain your water-use over the course of a 24-hour day, read your meter at the same time on two consecutive days. You may want to measure water-use for several days and then calculate a daily average. A hose meter can also help calculate the volume of water you typically use for out-door tasks. 

				Estimating Water Use Without A Meter

				If you do not have a water me-ter you can estimate your water consumption. It will be important to measure all water-use, indoor and outdoor, to accurately esti-mate the quantity of water used. To determine how much water 
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				you consume in your home, it is necessary to measure water flow from each fixture in your house:

				To calculate flow for faucets (indoor and outdoor) and shower heads, turn the faucet to the normal flow rate that you use, and hold a container under the tap for 10 seconds and measure the quantity of water in the container. Multiply the measured quantity of water by 6 to calculate the gallons per minutes (gpm).

				To calculate flow for toilets, turn off the water supply to the toilet, mark the water line on the inside of the tank, flush, and then fill tank with water from tap. Measure the volume of water that is required to fill water back up to the water line mark on the tank and record this number. Turn water on to the toilet to resume normal use.

				If your appliances or fixtures are relatively new, you may be able to obtain the flow rate from the manufacturer’s spec-ifications. Otherwise, use the following averages:

				Washing machine - 41 gal per load

				Dishwashing machine - 9 gal per load

				Next, measure how many times per day or how many minutes each day you use each 

				fixture or appliance. Multiply the water flow per fixture by the minutes per day the fixture is used.

				Multiply the flow average for each appliance by the number of times the appliance is used each week. Don’t forget to include the amount of time you use outdoor faucets each day. 

				According to the American Water Works Association (AWWA) the following table provides the av-erage water-use for conventional and low-flow appliances. 

				
					Appliance

				

				
					Water Use in Gallon

				

				
					Vintage Toilet*

				

				
					4-6/flush

				

				
					Conventional Toilet**

				

				
					3.5/flush

				

				
					Low Consumption Toi-let***

				

				
					1.6/flush

				

				
					Conventional Shower-head*

				

				
					3-10/min.

				

				
					Low-Flow Showerhead

				

				
					2-2.5/min.

				

				
					Top-load Washer

				

				
					40-55/load

				

				
					Front-load Washer

				

				
					22-25/load

				

				
					Dishwasher

				

				
					8-12/load

				

				
					*Manufactured before 1978

					**Manufactured from 1978-1993

					***Manufactured after January 1, 1994
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					Water meters measure the total amount of water used in your home and are usu-ally located at the property line or in the house.
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				My Strategies

			

		

		
			
				I calculated the monthly or annual rainfall numbers in my area.

			

		

		
			
				I calculated the harvest poten-tial of my dwelling. 

			

		

		
			
				I calculated the size of my holding tank(s).

			

		

		
			
				I calculated my household’s water needs.

			

		

		
			
				I am ready to move to the next step, which is legalities concerning regulations and permits.
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				Return to page 19. If the calculations seem too over-whelming you can work with an average of 270 gallons (or 1000 liters) per person.

			

		

		
			
				Return to page 24. If you have no access to data or me-ters, you can use 94 gal (355L) per person as an average for indoor use.
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				Return to page 18 and make the necessary calculations. 

				Area = Length x Width, and ig-nore the roof profile.

			

		

		
			
				Return to page 16 and make the necessary calculations.

				Use Google and type your loca-tion + “rainfall data”.
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				Rainwater collection is a great way to conserve water and is legal in almost every country on earth save for a few with specific regula-tions. The few areas that do have regula-tions are fairly easy to comply with while still being able to collect a usable amount of water. Due to the shifting climate of legislation, it’s advisable to dou-ble-check with your lo-cal government for the most recent laws.
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				A big benefit of rainwater is the fact that it’s free of minerals and salts that cause cor-rosion in appliances and this is the very rea-son we sometimes refer to it as “soft” water. Moving outdoors, we see that gardens thrive under rainwater for it contains nitrates and has a nearly neutral (slightly acidic) pH. 

				To benefit from this method and to join the long line of rain harvesters before us, we simply have to look up to the sky, and to our roofs; most roofs are already fitted with gut-ters and spouts which make them perfect for water harvesting. 

				For the serious rainwater harvester the lack of rain in an area can be a headache, but another frustration that’s sometimes hard to swallow, is government regulation. In some places governments have put legisla-tion in place to control and limit the harvest-ing of rainwater. The main argument is that rooftops create a health and safety concern due to the fact that not everybody has access to a decent filtration system and that bacte-
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				ria can pose a real threat. Some scientists argue that rainwater harvesting is interfering with the hydrological cycle in that not enough water runoff will reach the water table underground. This in turn will affect groundwater used by municipalities and well owners and cause problems to the local water infrastructure.

				Let’s look at an overview of how different countries approach the regulation of rainwater harvesting on private property.

				Australia

				In Australia the process of Rain-water Harvesting provides an independent estimate of 274 billion liters annually. According to the ABS (Australian Bureau of Statistics) one in four, or 26% of Australian houses have a rainwa-ter tank. The ABS estimates that rainwater provides 177 billion liters, or 9% of residential water in Australia worth $540 million. Outside of urban areas, rainwater provides 63% of residential water or 109 billion liters. 

				Rainwater harvesting is the first and most efficient element of an integrated water man-agement system. 

				Rainwater falls on roofs and it is a local supply that can be collected where it is needed. 

				Rainwater is usually of a qual-

				ity and quantity that can meet significant local water demand (until it runs out).

				Capturing rainwater reduces the negative impacts of urban water on natural catchments.

				The estimated savings from rain-water harvesting and water effi-cient appliances in 2016 in Sydney alone was 90 billion liters annual-ly, equivalent to the entire capac-ity of the Sydney $1.8B desalina-tion plant. 

				Rainwater Harvesting is the most accessible source of water in Aus-tralia. All urban areas continue to enjoy rainfall even in a drought, however, rainwater harvesting continues to provide water long after natural catchments become too dry for stream runoff. 

				The UK

				In the UK, Rainwater Harvesting is considered an efficient way to use water. 

				Harvested rainwater is:

				Collected from roofs and other above ground surfaces,

				Collected via a system of above ground pipes and tanks,

				Isolated from inland waters or groundwater.

				The Environment Agency (UK) will not regulate harvested rainwater provided its use does not harm the environment – either alone or 
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				combined with other abstractions or transfers. Rainwater harvesting within a catchment must not af-fect the normal watercourse flow.

				You do not need an abstraction license to use water that only consists of harvested rainwater. However you may need a water abstraction license if you combine harvested rainwater with ground or surface water, which you then abstract or transfer.

				The USA

				You want to start collecting rainwater on your property but you’ve heard some rumors about the government making it illegal to do so.

				So, what’s the truth? Is rainwa-ter harvesting really illegal in the USA?

				The short answer is that rainwater harvesting is not illegal on a fed-eral level.

				The longer answer is: 

				Water laws are handled on the state level and should be inquired upon with local legislatures. While there are a handful of states that have strict regulations and require permits, most states are trending towards favoring and encouraging private rainwater catchment—some states even offer financial incentives and tax rebates to do so.

				What you need to do first: check with your state’s legislature to see if there are any restrictions on rainwater harvesting and be sure to abide by them. If there aren’t, then find out if there are any rebates or financial incentives in your county and you might be able to get a nice tax break!

				Fortunately for you, we’ve broken down the major statutes for each state regarding rainwater harvest-ing. In this breakdown, you’ll find out if your state has any restric-tions or requires permits for rain-water harvesting, or if they offer any financial incentives for it.

				Why do some states require permits?

				Because the topography of the entire United States varies greatly in terms of water availability, each state will follow different doctrines on how water should be used amongst its residents. 

				Eastern states, where water is generally more abundant, have different water laws than the drought-heavy Western states.

				Water laws are meant to find a balance between protecting the rights of individuals to have ac-cess to water sources and pro-tecting these water sources from being unfairly used or polluted.

				While water laws vary greatly between states due to the varying differences in water availability, 
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				most states generally follow a law doctrine known as “reasonable use.” The reasonable use doctrine states that anyone who has a right to the water can reasonably use it for their own benefit as long as it doesn’t restrict the rights of others to use it as well.

				The hydrologic cycle

				As rainfall seeps into the earth’s crust, it replenishes the ground with water as part of the earth’s natural hydrologic cycle. Excessive amounts of rainwater catchment may disrupt the natural flow of runoff water that would otherwise find its way back to the soil.

				While a study published by the Scientific World Journal shows that the amount of rainwater that could potentially be collected by individual homes would have little to no effect on the hydrologic cy-cle on a macro-level, a handful of states limit the volume of collect-ible water to a certain number of gallons.

				Prior appropriation laws

				Other reasons for state restriction are based on laws known as prior appropriation, which were im-plemented as a first-come, first-serve basis for settlers in the Old West. Prior appropriation laws are generally applied toward ground-water and surface water situa-tions, but some states still consid-

				er rainwater as part of the prior appropriation doctrine as well.

				Health and safety concerns

				Because the typical catchment surface for rainwater is the roof-top of a home, bacteria from ani-mal feces and other harmful con-taminants are generally present in rainwater. This makes it very dangerous to consume without proper filtration.

				While some states still require permits for rainwater harvesting, the trend of most states seems to be shifting toward favoring of private rainwater harvesting. Colorado, the state with arguably the strictest rainwater harvesting laws, passed a bill in 2016 allow-ing for the collection of rainwater with a 110-gallon maximum ca-pacity. Organizations such as the American Rainwater Catchment Systems Association (ARCSA) work with state governments in making rainwater collection an available option for its citizens.

				To sum things up, it is not illegal to harvest rainwater in USA, but you should check with the specific state if the process is encouraged and comes with benefits, legal or legal with some restrictions to it.

				Here’s a list of U.S. states with their laws and restrictions concerning rainwater harvest-ing:
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				Alabama: 

				no restriction

				Encouraging the practice of rainwater collection, providing technical instructions and guidelines.

				Alaska: 

				no restriction

				The State of Alaska does not restrict rain-water harvesting as it is a primary source of water for many resi-dents.

				Arizona: 

				no restriction/ offers incentives

				- Rainwater harvest-ing is legal in Arizona. 

				- Arizona offers tax incentives for rainwa-ter harvesting.

				Arkansas: 

				some restriction

				The State of Arkansas allows for rainwater harvesting as long as it’s used for non-pota-ble purposes.

				California: 

				some restriction

				In 2012, the State of California passed Assembly Bill 1750, which enacted the Rainwater Capture Act of 2012, making it legal to collect rain-water so long as in compliance with the California State Wa-ter Resources Board requirements. The Bill states that residen-tial, commercial and governmental land-owners may install, maintain, and operate rain barrel systems and rainwater capture systems for specified purposes.





OEBPS/image/Present.png





OEBPS/image/54.png





OEBPS/image/8.png





OEBPS/image/29.png





OEBPS/font/Verdana-Bold.ttf


OEBPS/image/28.png





OEBPS/image/HouseFootprint.png
Roof Catchment Area





OEBPS/image/IdeaIcon-01.png





OEBPS/image/88.png
A





OEBPS/font/BookmanOldStyle.ttf


OEBPS/image/45.png





OEBPS/image/IdeaIcon-011.png





OEBPS/image/IconsElectric-01.png





OEBPS/image/IconsSpanner-01.png





OEBPS/image/27.png





OEBPS/font/Verdana-BoldItalic.ttf


OEBPS/image/110.png





OEBPS/image/HowTo1.png
Underground Tanks

Underground water tanks can be

useful for rainwater harvesting

in several situations:
Limited space: If you have lim-
ited space on your property, an
underground water tank can be
a practical solution.

Aesthetics: Some people prefer
to maintain the visual appeal
of their outdoor space without
the presence of above-ground
tanks or structures.

Property regulations: In cer-
tain areas, local regulations or
homeowner assoclation rules
may restrict the use of above-
ground rainwater tanks.

Temperature regulation: Un-
derground water tanks tend to
have more stable temperatures
compared to above-ground
tanks.

Security and protection: Un-
derground tanks are generally
more protected against van-
dalism, theft, and potential
damage from extreme weath-
er events like storms or high
winds.

Preservation of views: If you
have scenic views on your
property that you don’t want
to obstruct, an underground
water tank can be an ideal
solution.

94

Backflow (Air gap)

The backflow device prevents
stormwater backflow from enter-
ing a rainwater tank, by creating
a physical air break on the outlet
of the tank overflow and before
the stormwater drainage system.
The Backflow also acts as a visual
inspection point to detect trickle
top-up system failure.

Normal overfiow

from
v Vit
yas
Mosauito screen
i
A4
H Stormuate backton

The action of backflow can occur
when the stormwater system gets
flooded due to heavy rain. This
causes stormwater drains to get
backed up and to push water back
towards your tank. You do not
want this contaminated water to
enter your tank, and to prevent
this you can install a Backflow (Air
gap) that will make it impossible
for stormwater to flow back into
your tank. Most Backflows come
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Installing a First
Flush Diverter

Installing a first flush diverter

is a relatively simple process.
First flush diverters are used in
rainwater harvesting systems to
divert the initial runoff from a roof
during rain events, which often
contains debris and contaminants,
away from the storage tank. This
helps to improve the quality of
harvested rainwater. Let’s look at
a step-by-step guide on how to
install a 4” first flush diverter.

You Will Need

* First flush diverter kit (includes
diverter unit, fittings, and pipe)

* Tape measure

o Marker or pencil

* PVC cement

* Pipe cutter or hacksaw

o Pipe wrench or pliers

* Measuring tape

o Plumber’s (Teflon) tape

Typical 4” first flush diverter kit:

* First Flush Tee

* Diversion Chamber

* Ball valve

* Ball seat

+ End cap

* 2 x wall brackets (4”/100mm
pipe)

¢ Flow control washers

118

Step 1: Choose the location
Select a suitable location for

the first flush diverter along the
downspout or pipe that collects
rainwater from the roof. Choose a
spot that is easily accessible and
allows for proper installation and
maintenance of the diverter.
Step 2: Measure and cut the
pipe

Using a measuring tape, measure
the length of pipe required for the
first flush diverter installation. As
a rough guide, 3ft of 4” (1m of
100mm) pipe holds approximately
2.3 gallons (8.8L) of water. Cut
the pipe to the appropriate length
using a pipe cutter or hacksaw.
Make sure the cut is clean and
square.

Step 3: Decide on the orienta-
tion

Decide on the orientation of the
First Flush tee that is most suit-
able for your installation. The tee
can be installed horizontally or
vertically, and the outlet must be
easily accessible for maintenance
and inspection. Refer to figures
1a, 1b, and 1c on page 116 for
suggested installation orienta-
tions.

Step 4: Select which socket
you use

Select the appropriate socket out-
let on the First Flush Tee that will
attach to your diversion chamber
based on the orientation of the
tee. Look for an arrow on the tee
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Half-round gutter

Good:

they are found in aluminum,

vinyl, copper, steel, galvalume,

and zinc

fairly easy to clean (with

chemicals)

easy to replace

they limit debris buildup

Bad:

+ they have seams which can
cause leaks or pooling

« can accumulate moss build up

.

.

.

K-style gutters

K-style gutters are a very com-
mon style of gutter and they are
found all over the world. They are
fairly easy to install and thus suit-
able for self installation.

These gutters come in 5-inch to
6-inch widths, and they tend to
feature rectangular downspouts.
Due to their flat backs, you can
nail K-style gutters directly to
your fascia boards without brack-
ets.

Kestyle qutter

the lower edge of the roof

First flush. The initial runoff from
a catchment following the start of a
rainfall event which contains higher
loads of microbiological contami-
nants and suspended solids

First flush diverter. A device
designed to capture and divert the
first contaminated portion of the
flow from a catchment following

Y
the start of a rainfall event and to
automatically reset between such

Gutter. A shallow trough fixed be-
neath the edge of the roof for chan-
neling of rainwater

utter end caps. Caps that fit
onto either end of the gutter run
Gutter outlet. Outlets, fitted to
gutters, that connect and seal the
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