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WHY HARVEST RAINWATER? 

* Sourced from The 10,000 Rain Gardens Project- a project of the Salmon Protection And 
Watershed Network (SPAWN) and Marin Municipal Water District (MMWD) 

 
There are many reasons, but here are a few: 
 

•  FISH:  On the north coast of California, our water comes from rivers, creeks and wells 
that are often connected to river/creek underflow. These stream systems support 
threatened coho and Chinook salmon and steelhead trout. The more water we can leave 
in the creeks, particularly from mid-summer to fall, which is the critical point for the life 
cycles of these fish, the better it will be for their survival. 
 

• WATER SUPPLY:  Enormous volumes of water are not captured each winter as rain 
pours off rooftops and other impermeable surfaces, and flows into storm drains. During 
the dry summer months over 50% of most water use goes to irrigating our landscapes! It 
makes sense to store this winter resource to meet part of our summer irrigation needs, 
which reduces the demand on our municipal water supplies, the creeks and aquifers. 

 
• STREAM HEALTH:  Impervious surfaces direct and channelize storm water into storm 

drains, which adds to the stream system at centralized points via culverts. Concentrating 
flows leads to increased velocities in streams, resulting in incision of the creek beds. As 
the creeks incise, the adjacent groundwater tables sink correspondingly. Channelizing 
water into storm drains creates excessive volumes that cause flashier flows during storm 
events. Harvesting rainwater can contribute to flood mitigation on both a large scale 
and on an individual property. 

 
• The more rainwater we can harvest locally in the soil or in containers, the less water we 

need to rely on from distant watersheds, from costly and energy-intensive treatment 
facilities, or even from desalination.  

 
• For most modern developments, rainwater is designed to sheet off impervious surfaces 

such as roofs, driveways, sidewalks, and roads and is typically directed into gutters and 
storm drain networks and eventually into our streams, rivers, and oceans. By slowing, 

http://spawnusa.org/
http://spawnusa.org/
http://marinwater.org/
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spreading, sinking, and/or storing rainwater on your property, the landscape and the 
ecosystem will regain some of its resilience to drought conditions. 

 
• As water travels across parking lots and roads and other hardscapes, it picks up 

pesticides, oils, heavy metals, garbage, cigarette butts, and other toxins, eventually 
carrying these directly into our streams, rivers, and oceans. Every year, millions of 
gallons of clean rainwater become polluted as runoff travels across paved surfaces 
leaving our neighborhoods. 

 
HARVESTING RAINWATER: IT'S EASIER THAN YOU THINK... 
 

• The practice of harvesting rain in the soil and in containers is simple, and people have 
been practicing various forms of saving this most precious resource around the globe for 
millennia.  

 
By harvesting rainwater from our roofs or other impervious surfaces, retaining and infiltrating 
as much of it as possible on our landscapes we can each:  

1. Reduce our carbon footprint by saving energy resources that are used to treat and pump 
municipal water supplies.    

2. Reduce damage and pollution to natural stream systems by reducing stormwater runoff 
from impervious surfaces in developed areas. 

3. Improve habitat for native fish and other aquatic species by enhancing summer stream 
flows because diverting water from streams will be reduced.  

4. Increase conservation of critical water supplies.  

 

 

 

 

Figure 1. Drawing from Harvesting Rainwater for Landscape Use, by Patricia H. Waterfall 
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THE EIGHT RAINWATER HARVESTING PRINCIPLES 

 
Brad Lancaster, HarvestingRainwater.com 
For a more detailed description of the Eight Rainwater Harvesting Principles, see pp. 29-38 of 
Rainwater Harvesting for Drylands and Beyond, Volume 1, or pp. 4-7 of Rainwater Harvesting 
for Drylands and Beyond, Volume 2. 
 
1. Begin with long and thoughtful observation. 
Use all your senses to see where the water flows and how. What is working and what is not? 
Build on what works. 
 
2. Start at the top – or highpoint – of your watershed and work your way down. 
Water travels downhill. Start at the top where there is less volume and slower velocity so it is 
easier to follow the next principle. 
 
3. Start small and simple. 
Work at the human scale so you can build and repair everything. One thousand small 
strategies are far more effective than one big one when you are trying to infiltrate water into 
the soil. 
 
4. Spread and infiltrate the flow of water. 
Rather than having water run erosively off the land’s surface, encourage it to stay, meander, 
and infiltrate INTO the soil. 
 
5. Always plan for an overflow route, and manage that overflow water as a resource. 
Always have an overflow for the water in times of extra-heavy rains, and use that overflow as 
a resource. 
 
6. Maximize living, organic groundcover. 
Create a living sponge so the harvested water is used to create more resources, while the 
soil’s ability to infiltrate and hold water steadily improves. 
 
7. Maximize beneficial relationships and efficiency by “stacking functions.” 
Get your water harvesting strategies to do more than hold water. Berms or swales can double 
as dry raised paths. Plantings can be placed next to buildings for summer cooling or to provide 
food. 
 
8. Continually reassess your system: the “feedback loop.” 
Learn from your work. 
 
Brad Lancaster Note: These principles are the core of successful water harvesting. They apply equally to the 
conceptualization, design, and implementation of all water-harvesting landscapes. You must integrate all 
principles, not just your favorites, to realize a site's full potential. Used together, these principles greatly enhance 
success, dramatically reduce mistakes, and enable you to adapt and integrate a range of strategies to meet site 
needs. While the principles remain constant, the strategies you use to achieve them will vary with each unique 
site. 
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RAIN WATER HARVESTING UNIT 
SECONDARY GRADES AND COLLEGE-LEVEL COURSES 

 
The following unit was developed by Kent and Diane Sorensen, Brad Lancaster, and others, 
sourced from Harvesting Rainwater Curriculum  Rainwater Harvesting for Drylands and Beyond, 
by Brad Lancaster. 
 
LESSON ONE: ASSESSING A SITE’S WATER and WATERSHEDS 
 
LESSON DESCRIPTION 
Students are asked to consider the different sources of water entering a landscape.  They then 
calculate the volume of water available at each point to arrive at the total yearly amount of 
water for use in the landscape. In the process, students discover that each site is a watershed 
and that they can manage the flow of that water. 
 
GOAL 
Students will learn how each site can be considered as a watershed unto itself, and to facilitate 
the students’ discovery of the sources of the water within that watershed. 
 
OBJECTIVES 
1. Students will discover the sources of rainwater (rainfall, stormwater run-on and run-off) 

entering and leaving the site. 
 

2. Students will discover the sources of graywater for use in the landscape. All household 
drains are considered graywater except water from dishwasher and toilets, which are 
“blackwater.” Discharge from water softeners is too salty and should not be used on 
landscapes. 
 

3. Students will calculate the amount of on-site, non-potable water available for the 
landscape, including rainwater, graywater, and clearwater (air conditioner condensation). 
 

4. Students will identify areas of the landscape with more water as well as dryer areas. 
 
TIME REQUIRED 
About two hours for all three exercises. Each activity can be done separately, but they should 
occur in order. 
 
MATERIALS 
•    A mound of approximately 2 wheelbarrows’ worth of soil 
•    Calculators 
•    Notebooks 

SUPPLEMENTAL READING 
• Rainwater Harvesting for Drylands and Beyond, Volume 1 – Chapters 1 and 2. 

https://www.harvestingrainwater.com/rainwater-harvesting-inforesources/water-harvesting-curriculum/
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EXERCISE ONE – INTRODUCTION 
 
– WHAT IS A WATERSHED? 
 
– HOW TO IDENTIFY A WATERSHED WITH THE “DIRT PILE MODEL” 
 
PREPARATION 
1. Construct a miniature mountain-side watershed (and its sub-watersheds) on a small 

earthen mound. A short video of this exercise will also be posted on the video and/or 
curriculum page of www.HarvestingRainwater.com.  
 

2. Make three distinct watersheds on the model with your topography – the first two 
watersheds being subwatersheds within the third, and largest watershed. 
 

3. Place a stick at the base of each watershed (you will ask students to identify the ridgeline of 
each watershed (surface flow only) for each stick. Make the topography distinct. 

 
PROCEDURE 
1. Gather students around model. 

Ask: What is a watershed? (Answer: The total surface area draining to a certain 
point.)   Solicit answers from students. 
 

2. Describe and point out local watersheds seen from the site (look to mountain ridgelines on 
the macro-scale and roof ridgelines on the micro-scale).  Point out which slopes drain 
toward students, and are part of the watershed they are standing in; and which slopes drain 
away from students, and are part of another watershed. 
 

3. Explain that the ridgeline is the boundary of the watershed. 
 

4. Now focus on the dirt model. Ask individual students to trace with their fingers the ridgeline 
boundary of the first and highest watershed. Have her/him place the first stick on the earth 
mound. See if they get it. Can they correct each other if needed? 
 

5. Once the first watershed is understood, proceed to the second watershed, and have a 
different student trace its ridgeline and place the second stick. 
 

6. Once the second watershed is understood, proceed to the third stick and have a different 
student trace its ridgeline. This last point, and its watershed, should encompass almost the 
entire watershed of the model. Point out that each of the previous points/watersheds were 
sub-watersheds of this last/largest watershed. 

 
7. Any questions? Stress the importance of breaking up watersheds into sub-watersheds to 

more easily slow, spread, and sink the flow of water (reference 8 Principles of Successful 
Water-Harvesting from Chapter 1). 

http://www.harvestingrainwater.com/
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8. Solicit feedback from the rest of the group. 
 

9. What are the watersheds and sub-watersheds of the property/site where class is located? 
 

10. Now direct students’ attention to the site (campus, school building, etc.) and ask, “Where is 
the top of the watershed where we are standing, and where is water being directed?” (i.e. 
roof of house, property line, or above property line? If so, start at the top of your watershed 
of influence – the property line and start talking with neighbor). 
 

11. Ask, “Why is it important to start at the top?” (Answers: Work with gravity; harvest water 
throughout the entire site, rather than just the bottom). 
 

12. Transition to the next exercise by explaining, “We are going to determine the sources of the 
water that feed this watershed. Once we determine where the water comes from in our 
watershed, we can make choices about how to use it as a resource.” 

 
END OF EXERCISE ONE 
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EXERCISE TWO – WALKING & IDENTIFYING THE SITE’S WATERSHEDS & SUBWATERSHEDS 
 
PROCEDURE 
 
1.  If possible, take students to the top of the watershed, often the roof of a classroom. If that is 

not allowed, guide the class through a mental ascension to the top of the watershed. 
 
•    What are the sources of water that drain, or potentially drain onto the site/landscape 

below? Students should mention rain, but should also see evaporative cooler and/or air 
conditioner condensate, “run-on” from other properties, roofs, or hardscapes such as 
patios, sidewalks, and driveways. 

• “Is this water currently being utilized or wasted?” 
Re-emphasize the 8 Principles of Successful Water Harvesting. 

 
2.  Have students walk the watershed and sub-watershed boundaries. Have them track where 

the water comes and goes, including all potential on-site water sources.  
 
Questions students should have in mind when exploring the watershed: 

What areas of the landscape need water?  
What areas drain or erode?  

 
See if students can identify which parts of the landscape are supplied with water from which 
subwatersheds. Also, identify and track potential or existing graywater sources. 
 
3.  Look around the area directly off the site – perhaps just off property.  
 
Identify where water might flow onto the site?  
Identify where water might flow off the site?  
 
Look at the roads, sidewalks, other roofs, other yards, higher ground and determine if water 
from those areas will flow onto the site. Students should note gutters, downspouts, erosion and 
water tracks or detritus build up. 
 
4. Aside from rainwater, are there any other sources of water for this site?   
 
(Can students discover any possible graywater sources?)  
 
Refer to Rainwater Harvesting for Drylands and Beyond, Volume 1: Box 2.6 in Chapter 2 
 
What is easily accessible? (Washing machine, drains against exterior walls.)  
What is impractical? (Interior drains encased in concrete slab.) 
 
END OF EXERCISE TWO 
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EXERCISE THREE – ASSESSING ON-SITE WATER VOLUMES 

PROCEDURE 
1. Divide students into groups of 2 to 4. Have each group pace off a different area or 

subwatershed to calculate the square feet of each catchment area (roof, sections of roof, 
driveways, patios, run-on areas, entire property). After they pace off their areas, give each 
team a plan view sketch (to scale) of their catchments to determine how accurate their 
calculations were. 

2.   Have the students calculate how much rain falls on their catchment in a typical year of rain. 
Refer them to Box 2.3 and/or equations 1 through 4 in Appendix 3 of Rainwater Harvesting 
for Drylands and Beyond, Volume 1, to calculate the yearly rainfall on that specific area.  

• If some teams are fast, have them calculate rainfall volume on their catchment in a given 
rain event (i.e. a typical large storm for the area). 

•    Have another group calculate the potential graywater volume into the landscape using Box 
2.6 and Box 2.7 from Rainwater Harvesting for Drylands and Beyond, Volume 1. Be sure to 
let the students know how many people live in the household and use the various water 
appliances generating graywater. 

•    Bring students back together. Share rainfall and graywater totals.  Emphasize the amount of 
water available to the site is the combined total of the two sources. 

•    Compare this water “income” to potential water “expenses” or needs. For example, in 
Tucson, AZ, a 20-foot-tall native mesquite tree needs 3,000 gallons of water per year – the 
building’s roof runoff could sustain how many such trees? An exotic 16-foot-tall citrus tree 
in Tucson needs 8,000 gallons of water a year (and supplemental irrigation in dry seasons – 
think graywater) – how many such trees could be sustained on site by harvested runoff and 
greywater? 

•    Optional addition. Give the students one additional calculation to determine runoff 
coefficients (estimated percentage of water running off their various catchments and their 
different surfaces by using Box 2.4 in Rainwater Harvesting for Drylands and Beyond, 
Volume 1. 

 
 
END OF EXERCISE THREE 
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DEMONSTRATIONS ILLUSTRATING HOW WATER CAN BE HARVESTED 
 
 

MUFFIN TIN DEMONSTRATION 
 
OBJECTIVE:  Show how simple landforms can dehydrate or rehydrate a landscape, while 
contributing to or controlling flooding. 
 
PROCEDURE:  Go to Muffin Tin Demonstration (first half of linked video). 
https://www.youtube.com/watch?v=k9Ku_xpyLK4&feature=related  
 
 
SPONGE MODEL DEMONSTRATION 
 
OBJECTIVE – Show how tanks/cisterns can harvest on-site water and reduce runoff, but 
harvesting water in the “sponge” of the landscape’s soil via water-harvesting earthworks with 
mulch and vegetation provides the greatest capacity of water harvesting and flood control for 
the lowest cost. 
 
PROCEDURE:  Go to Sponge Demonstration (second half of linked video). 
https://www.youtube.com/watch?v=k9Ku_xpyLK4&feature=related  
 
 
PUTTING ASSESSMENT TO PRACTICE – CREATING THE SPONGE 
 
•    Now that we know how much water we have on site; which areas are going to receive more 

water?  (Students should identify areas near downspouts, etc. as receiving more water.) 
•    Where in our catchment area can we begin to manage the water as it moves through the 

site?  Remember to Slow, Spread and Sink.  (Students either sketch the site on paper or 
work together in small groups to scratch basins, berms etc. on the ground.) 

•    Remember to think about stacking functions. Where are the human traffic patterns, can we 
use berms as raised paths in areas where people walk?  What other elements can be used 
for more than one function? 

 
CONCLUSION 
 
Once we begin creating the sponge, remember the “Feedback Loop” described in the “8 
Principles of Rainwater Harvesting” to continually reassess your work. 

1. What is working? 
2. What is not working? 
3. Enhance what is working. 
4. Change what is not working. 

  

http://www.youtube.com/watch?v=k9Ku_xpyLK4&feature=related
https://www.youtube.com/watch?v=k9Ku_xpyLK4&feature=related
http://www.youtube.com/watch?v=k9Ku_xpyLK4&feature=related
https://www.youtube.com/watch?v=k9Ku_xpyLK4&feature=related
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CALCULATING RAINWATER RUNOFF 
 
Source: Techbridge curriculum, SFPUC. Adapted by The San Francisco Green Schoolyard Alliance, 2009 
 
Objective 
• Students will determine how many gallons of rainwater fall on the roof that is connected to 

the cistern.  
• They will estimate how much water their school uses to flush toilets and determine how 

many cisterns they would need to meet this demand and if their school’s larger roof could 
capture this volume. 

 
 

  
Grade Level 10-12 
Time 30-45 minutes 
Materials • Length of string or rope for measuring (50 or 100 ft.) 

• Rainfall chart from Resources Section for reference 

 
 
Standards 
Met: 

Science 
• Earth Sciences 
• Investigation and Experimentation 
Math 
• Measurement and Geometry 
• Statistics and Data Analysis 
• Mathematical Reasoning 

Vocabulary 
Annual  

 Runoff 
 

Key concepts

 
Cistern  Impermeable 
Storage Capacity Permeable  Volume

• A lot of water can be captured from roofs during storm events 
• We use a lot of water just to accomplish basic tasks such as flushing a toilet; we could use 

rainwater to accomplish this task. 
 

Background 
The average annual rainfall in Ukiah is about 38 inches, or 3.17 feet. This means that if rain falls on 
an impermeable surface like a roof or pavement, and there are no drains to take the water away, 
then there would be over 3 feet of water covering that area over the course of the rainy 
season. In rural areas, where much of the ground is permeable, a high percentage of rainwater is 
absorbed to recharge groundwater aquifers. Water that does not infiltrate into the soil is called 
surface runoff, which flows into creeks, rivers and eventually the ocean. 

 
Think of three feet of water covering your school or home! That is a lot of water. In Ukiah, this 
water goes into a storm drain system before it enters the streams and Russian River, and 

https://www.cityofukiah.com/stormwater-utility/
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ultimately into the Pacific Ocean.  What if we could capture some of the water that falls during a 
rain storm and use it to water our garden or flush the toilets at school or in our homes? 

 
If you are lucky, your school is already harvesting rainwater! Your school has a cistern or tank that 
holds water that is collected off a roof. The cistern does not collect ALL the rainwater that falls 
on your school’s roof, only a part of it. But this may be enough to water the school garden during 
dry periods. Any water that we do not take from the faucet is water that can stay in rivers, lakes, 
and streams.  

 
How much water can be collected annually by the roof where your cistern is connected? To 
calculate the annual volume of water that falls on the roof, multiply the area (square feet) of 
that roof by the average annual rainfall (38 inches or 3.17 feet). 

 
Procedure 
1. Measure the roof area 

 

To determine the area of the roof you can roughly measure the length and width of the 
building below the roof by marking these lengths with a string that is 100 or 50 feet. 
Multiply these two lengths to estimate area of the roof. 

 
Length x Width = Area 
Example: If your building is 100 feet long and 30 feet wide, then:  
100 ft. x 30 ft. = 3,000 square feet (ft2) 
 

2. Calculate volume of roof runoff generated by rainfall 
 

The annual volume of water that falls on the roof is the product of the area of your roof 
multiplied by the annual rainfall. 

 
Area of roof (ft2) x depth of Annual rainfall (ft.) = cubic feet (ft3) 

 
   ft2   x ft. = ft3 

 

3. Convert cubic feet to gallons 
 

Once you have estimated the annual captured volume, convert cubic feet to gallons. To do 
this, multiply your number of cubic feet by 7.48 to get number of gallons. 

 
   cubic feet X   7.48 = Gallons 

 
Discussion 
1. How many gallons of rainwater fall on your roof annually? 
2. Does your cistern have the capacity to hold all this water? 
3. If there is excess water, where will you direct the overflow? 
4. How do you use the water after it has been captured in the cistern? 
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Extensions 
What if you and your classmates want your school to use rainwater to flush toilets and water the 
school gardens? 
 
How many gallons of rainwater would you need?  
How many cisterns would you need to store enough water to meet these water demands for 
one year at your school? 
 

To calculate the annual volume of water that falls on your school roofs, follow the procedure 
above. If your school is oddly shaped, break the campus into separate rectangles and squares, 
and add up the areas that you calculated. 
 

1. Find out how many students are at your school. 
2. Determine the area of garden space that needs watering. 
3. Determine the size/capacity of your current cistern. 

 

Refer to the tables below to calculate the amount of water needed to flush the toilets in 
your school and irrigate a garden planted with native plants (which use less water). 

 
Number of Students x 864 Gallons Annually =                                     Gallons Annually 

 
(Area of Garden / 100 ft.2) x 1,000 Gallons =                                   Gallons Annually  

 
Add these annual water demands together to determine the total annual water needs at 
your school for toilet flushing and irrigation. To find out how many cisterns are required to 
capture and store this much water, divide your school’s water need (that you just figured 
out) by the capacity of your current cistern. 
 

Example: 200,000 Gallons (annual need) / 1,000 Gallon Tank = 200 cisterns! 
 
 

Water Use: Annual demand (Gallons) 

Irrigation (100 ft.2 of drought tolerant planting or “native garden”) 1,000 

Flushing toilets: 3 low flow flushes per day per student x 1.6 
gallons/flush x the number days at school (180) 

864 

 

Typical Sizes for Rain Barrels & Cisterns: Storage capacity (Gallons) 

Rain Barrels 45 to 60 
Cisterns 1,000+ 

 
Extension Discussion 
1. About how much water does your school use each year to flush toilets or water the garden? 
2. Does this surprise you? 
3. How many people are in your family? 
4. What are the daily, monthly, and yearly total toilet flushing needs at your home? 
5. How many rain barrels, tanks, or cisterns would you need at home? 
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FERRO-CEMENT CISTERN BUILDING BASICS 
 

Site: Mendocino College, Sustainable Technology House 
 
Instruction provided by: Peter Field: nunsfield@gmail.com 
    Anna Birkàs: ab@mcn.org 
 
Building with ferro-cement is like making a clay sculpture. First you need a foundation to 
support the weight of the loaded structure, then you need to create an armature, integrated 
and firmly connected to the base, on which the cement can be supported while it is setting up, 
like clay being melted in a kiln while going through the firing process. If the armature is not 
strong enough, for instance using only chicken wire, the structure may collapse when the 
cement is applied. 
 
In this example, construct a foundation with steel reinforcement, 3/8” rebar and 6” x 6” steel 
mesh in relation to the size and thickness of the slab foundation.  The slab thickness should be a 
minimum of 4 inches for small tanks and 6 inches or more for larger ones. The thicker the slab 
the more rebar and the larger the rebar size. 
 
Once the concrete has been placed into the form and set up for at least 6 hours, you will begin 
constructing the armature. The best combination of materials to use for this is 3/8” rebar and 
welded wire, also known as hardware cloth, in ½”x½” and ¼”x¼” sized grids. The strength of 
ferro cement structures lies in the small grid size of the metal needed to be reinforced with the 
hardened cement.  This ¼”x¼” size also means very little cement is necessary to encapsulate 
the metal inside to obtain maximum strength within a relatively light structure. The ½”x½” is 
placed on the outside of the armature and the ¼”x¼” on the inside so that the cement “mud” is 
troweled on from the outside through the ½”x½” and is retained by the smaller ¼”x¼” mesh. 
 
Once the armature has been made it must be tied both around the rebar that supports the 
welded wire and at all the points where the two layers of welded wire may sag apart when the 
wet mud is applied causing it to bulge. This is the most tedious and seemingly endless part of 
the process.  Insertion of the tie wires should be done from the outside and twisted tight 
enough to still allow a space to remain between the two layers of welded wire and trimmed 
short from the inside.  
 
Once the armature is securely tied then the mixing and application of the cement mud can 
begin.  Applying the mud to the armature is the most fun!  The mud to be used can either be 
bought in bags as mason mix (mortar) or mixed by hand using sand and cement. The sand 
needs to be of various sizes so they lock together. Do not use bagged sand that is only one size.  
Do not use beach sand because the salt will adversely affect the curing of the mud and cause 
premature rusting of the wire.  The cement used is regular Portland Cement which comes gray 
in color, but you can get white at additional cost.  Either of these cement types can be mixed 
with color pigment, either powdered or liquid, in the final coat(s) if desired.  The recipe for 
hand mixed mud is 1-part Portland Cement to 2.5 parts sand BY VOLUME.  The less sand used in 
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the mixture will make it stronger and more water resistant. The cured cement will not be 
waterproof.  All cement will weep moisture through it to some degree.  There are additives to 
make a tank waterproof or the final interior coat can be completed with Thoro-Seal or 
something similar. 
 
Be creative on the outside of the cistern shape as this is a very fluid material, until it sets up.   
 
 

ORDER OF OPERATIONS 
 
2017 Mendocino College Ferro-Cement Cistern 
 
1. Estimate preferred size of tank. 
2. Determine base dimensions. 
3. Build foundation framing to be at least one foot beyond edge of tank. 
4. Install structural rebar (1-foot centers) or 6”x6” steel mesh, tied with concrete dobies. 
5. Mix and pour the concrete into the formed foundation. 
6. Scree the top smooth and allow to dry. 
7. Scribe circle for diameter of tank base in “green” concrete. 
8. Install rebar pins into green concrete. 
9. Allow foundation concrete to cure. 
10. Install 6”x6” heavy gage wire mesh in bottom. 
11. Scribe the template for the vertical tank ribs. 
12. Bend the rebar to fit the template. 
13. Use teamwork to tie horizontal pieces to all vertical ribs. 
14. Place skeleton frame onto concrete and tie bases of ribs to rebar pins. 
15. Cut ½” x ½” hardware cloth (steel mesh) to form the bottom layer around the tank. 
16. Use looped wire and tie-puller to attach mesh to rebar framing. 
17. Continue placing hardware cloth and tying to framing up to the top of the tank. 
18. Ensure an overlap of at least 3” on each layer of hardware cloth. 
19. Cut ¼”x¼” steel mesh to fit the interior base layer of the tank. 
20. Place it firmly in the concrete trench then tie to the hardware cloth with bailing wire. 
21. Minimize the gap between both mesh sizes to avoid creating air pockets. 
22. Install the ¼”x¼” up to the top of the tank, tying firmly and frequently with tie wire. 
23. Mix the mortar and start applying from the base on the outside. 
24. Make sure the application pushes it through the layers of steel mesh. 
25. A person on the inside smooths the mortar and identifies weak spots needing more. 
26. Mortar gets applied in this fashion up to the top. 
27. Form the rim with lengths of expanded metal lath, wired to the top steel collar. 
28. Apply the second coat of mortar and fill the rim with mud. 
29. Apply the third coat of mortar included the pigment. 

 
Safety 
Wear safety glasses and gloves when working with wire and wet concrete. 
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PHOTOGRAPHS 
 

 
The framed foundation with dobies suspending the 6”x6” steel mesh. 

 

 
Concrete was mixed and poured, then screed to be flat with the top of the foundation framing. 
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The center was found so the cistern’s base could be etched approximately 2 inches into the foundation. 

 

 

Short lengths of 3/8” rebar were placed in the 
groove while the concrete was wet. These 
“stub ups” serve as the connection point for 
the cistern metal frame to the foundation. 
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The cistern’s metal framing was chosen to be somewhat spherical to mimic the water vases of ancient Egypt. 

A cylindrical cistern requires significantly less tying time than this semi-spherical one when placing the steel mesh. 
 

 
Tying the ½”x½” mesh required a team effort. The person on the outside guided tie wire through the mesh. The 

person inside used a wire tying tool to quickly cinch the wire. Eye protection is important for this work.  
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A view of the cistern with the exterior and interior mesh completely tied. 
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A view of the installed stainless-steel threaded outlet. 

 

 
Standard mortar mix was used to create the cistern. 
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The mortar was mixed a bit wet so it could be forced through the steel mesh with a trowel. 

 
 

 
A view of the mortar being forced through the steel mesh, thus eliminating any potential air pockets. 
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Applying mortar from the inside required handing buckets over the top of the frame 

 

 
A view of the cistern after the first coat of mortar was applied. 
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A view of the inside, showing another 
layer of 6”x6” steel mesh, to be covered 
by another layer of mortar. 

 

 
Anna Birkas (Instructor) installing the metal mesh to create the cistern’s rim. 
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A view of the students applying mortar to the rim. 

 

 
A view of Peter Field (Instructor) after the second coat of mortar and the rim were done. 
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A view inside the cistern after the mortar was placed over the steel mesh. 

 
 

 
The third coat contained pigment, and represents the final layer for the exterior. 

The interior needed one final layer of mortar to strengthen the transition from the base to the side. 
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A view of the cistern after the third coat of mortar was applied. 

 
 

Remaining tasks for 2017 
 

1. Install final layer of mortar inside the cistern. 
2. Construct and install the lid 
3. Connect the stainless-steel outlet to the water source (roof) 
4. Connect the ferro cement cistern to the plastic cistern 
5. Remove the foundation framing 
6. Clean up the site 
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RAINWATER HARVESTING GLOSSARY 
 

*Sourced from Catch the Rain; University of Arizona, Cooperative Extension.  
 https://extension.arizona.edu/catchtherain/  

 
Active Rainwater Harvesting – The process of collecting and storing rainwater in tanks or other  
 containers for later use. 

Aquifer – Any geological formation containing or conducting groundwater. 

Berm – Mound of earth formed to control the flow of water. 

Cistern – Storage tank or underground reservoir for rainwater. 

Condensation – Process of a vapor becoming liquid (the formation of clouds). 

Contaminant – Impure, hazardous substance. 

Downspout – Vertical pipe that drains stormwater downward from the gutters. 

Drought tolerant – Ability of a plant to survive with little water. 

Erosion – Process by which the surface of the earth is worn away by the action of water,  
 glaciers, winds, and /or waves. 

Evaporation – Process of liquid water becoming a vapor. 

Filter – Porous material through which a liquid or gas can pass through. 

Flash Flood – Sudden and destructive rush of water down a narrow gully or over a sloping  
 surface caused by heavy rainfall. 

Gradient – The degree to which something inclines; a slope. 

Gravity Flow – The use of gravity as opposed to a pump to move a liquid such as water. 

Groundwater – Water that occupies the pores and crevices of rock and soil beneath the earth's  
 surface. 

Gutter – Channel along a roof’s edge to catch and direct stormwater. 

Hydrology – Science dealing with the occurrence, circulation, distribution, and properties of the  
 waters of the earth and its atmosphere. 

Impervious – A material that does not allow water or other liquids to pass through. 

Infiltration – Movement of water through the soil surface into the soil. 

Mulch – Covering of material such as bark, wood chips, or gravel on top of the soil. 

Passive Rainwater Harvesting – Water collected and held in the soil.  

Percolation – The movement of water through the soil to the water table. 

Permeability – The ability of water or other liquids to pass through a surface.  

Pervious – Material that allows the passage of water through it. 

https://extension.arizona.edu/catchtherain/rainwater-harvesting-glossary.html
https://extension.arizona.edu/catchtherain/
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Precipitation – Water falling from the atmosphere as rain, snow, sleet, hail, or other form. 

Rain Barrel – Container used to collect and store rainwater. 

Rainwater Harvesting – Process of collecting and storing rainwater or stormwater for beneficial  
 use. 

Recharge – Process by which groundwater is absorbed into the zone of saturation. 

Ridge – Long and narrow upper edge, angle, or crest of something, such as along the top of a  
 mountain. 

Runoff – Something that drains or flows off, as with rain that flows off the land. 

Saturation – Process or state that occurs when one substance is filled so full of another  
 substance that no more can be added. 

Stormwater Runoff – Rainwater that hits the ground and flows over the earth’s surface. 

Surface Water – Water that collects on the ground or in a stream, river, lake, wetland, or ocean. 

Transpiration – Process in which water vapor is released from plants into the atmosphere. 

Valley – Extensive, more-or-less flat, relatively low region between higher surfaces. 

Wastewater – Discarded water. 

Watershed – Area of land that sheds water and directs it downhill to a watercourse or point. 

Xeriscape – Environmental design of land using various methods to minimize the need for  
 supplemental water use.
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RAINWATER HARVESTING RESOURCES 
 

Catch the Rain , University of Arizona Cooperative Extension.   
https://extension.arizona.edu/catchtherain/passive-rainwater-harvesting.html  

 
Harvesting Rainwater for Landscape Use. 2006. Patricia H. Waterfall. University of Arizona 

Cooperative Extension/Low 4 Program. 
https://extension.arizona.edu/sites/extension.arizona.edu/files/pubs/az1344.pdf  

 
Occidental Arts and Ecology Center – WATER Institute/Publications on Rainwater Harvesting  

And Stormwater Management. 
https://oaec.org/our-work/projects-and-partnerships/water-institute/publications/ 

 
Rainwater Harvesting , Texas A & M University, Agrilife Extension.  

http://rainwaterharvesting.tamu.edu/rainwater-basics/   
 

Rainwater Harvesting for Drylands and Beyond Volumes I and II, by Brad Lancaster.  
https://www.harvestingrainwater.com/  

 
San Francisco Rainwater Harvesting Manual for non-potable residential uses.  

http://sfwater.org/Modules/ShowDocument.aspx?documentID=8897  
 

San Francisco Water Power & Sewer Watershed Stewardship Curriculum.  
http://www.sfwater.org/index.aspx?page=491  

 
Slow it. Spread it. Sink it. Store it! Guide to Beneficial Stormwater Management and Water  

Conservation Strategies. 
http://sonomarcd.org/documents/Slow-it-Spread-it-Sink-it-Store-it.pdf  
 

Techbridge curriculum, SFPUC. Adapted by The San Francisco Green Schoolyard Alliance, 2009.  
http://www.sfusd.edu/en/about-sfusd/voter-initiatives/bond-program/green-
schoolyards.html  

   
Wikipedia/rainwater harvesting. https://en.wikipedia.org/wiki/Rainwater_harvesting  
 

 
10,000 Rain Gardens Project ; a project of the Salmon Protection And Watershed Network  

(SPAWN) and Marin Municipal Water District (MMWD).  
http://raingardens.spawnusa.org/index.html  

 
 

https://extension.arizona.edu/catchtherain/rainwater-harvesting-basics.html
https://extension.arizona.edu/catchtherain/passive-rainwater-harvesting.html
https://extension.arizona.edu/sites/extension.arizona.edu/files/pubs/az1344.pdf
http://rainwaterharvesting.tamu.edu/rainwater-basics/
http://rainwaterharvesting.tamu.edu/rainwater-basics/
https://www.harvestingrainwater.com/
https://www.harvestingrainwater.com/
http://sfwater.org/Modules/ShowDocument.aspx?documentID=8897
http://sfwater.org/Modules/ShowDocument.aspx?documentID=8897
http://www.sfwater.org/index.aspx?page=491
http://www.sfwater.org/index.aspx?page=491
http://sonomarcd.org/documents/Slow-it-Spread-it-Sink-it-Store-it.pdf
http://www.sfusd.edu/en/about-sfusd/voter-initiatives/bond-program/green-schoolyards.html
http://www.sfusd.edu/en/about-sfusd/voter-initiatives/bond-program/green-schoolyards.html
https://en.wikipedia.org/wiki/Rainwater_harvesting
http://raingardens.spawnusa.org/index.html
http://spawnusa.org/
http://marinwater.org/
http://raingardens.spawnusa.org/index.html
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