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I n Ontario, Ontariobs Building Code (OBC) and
that are applicable to the design, construction and management of rainwater harvesting systems.
This guidelines document and the accompanying haidipoovide guidance for designing,
constructing, and managing rainwater harvesting systems based on the minimum safety
requirements established in these codes:

Ontariobs Building Code:

http://www.elaws.gov.on.ca/html/regs/english/elaws regs 060350 e.htm

Ontario Electrical Safety Code Regulation:

http://www.elaws.gov.on.ca/html/regs/english/elaws regs 990164 e.htm

This document is not intended to convey legal advice and is not a substitute for professional
technical design. While care has been taken to ensure accuracy, the examples and agptanatio
this guide are given for the purposes of illustration only.

Readers must refer to the actual wording of the applicable law, including the Building Code Act,
1992, O. Reg. 350/06 (the Building Code), O. Reg. 164/99 (the Ontario Electrical Sadefy Co

and other applicable law. Persons seeking legal advice about the matters discussed in these
guidelines should consult a solicitor.

The Author and Editors do not assume responsibility for errors or oversights resulting from the

information containethierein.

© Copyright
All rights reserved. No part of this book may be used or reproduced in any form
or by any means, without prior written permissiortha Author or Editors

First Edition, December2010
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Rainwater harvesting (RWH) is the ancient practice of collecting rainwater and storing it for later
use. RWH systems are comprised of a rcatthment, conveyance network, rainwater storage
tank, pump, and fixtures where rainwater is utilized. Most systems also incorporate treatment
technologies to improve the quality of rainwater before and/or after storage, and include
provisions for period®f insufficient rainfall (a water makep supply) and times of excessive
rainfall (overflow provisions).

The most important consideration when designing and installing a RWH system are the pertinent
provincial codes and regulations, standards, and muahicysaws. Other considerations include

how the design, installation and management of RWH systems can affect the quantity of water
saved and the quality of rainwater harvested, as well as cold weather suitability of the system.

The design and installam guidelines are presented in several sections, organized by the
different components of RWH systems. These components are as follows:

Rainwater Catchment & Conveyance

Rainwater Storage & Tank Sizing

Rainwater Quality & Treatment

Water Makeup System &Backflow Prevention
Pump & Pressurized Distribution System
Overflow Provisions & Stormwater Management

oahrwWNE

This document is aimed at a wide audience, including homeowners, engineers, architects,
contractors, developers, regulators, as well as members from municipal, provincial and federal
levels of government. Background information on each aspect of a RWéinsis discussed

and relevant clauses from existing codes and regulations, standards, and guidelines are presented,
as well as additional design criteria derived from recent field experience and international best
practices for rainwater harvesting. Ancampanying documentOntario Guidelines for
Residential Rainwater Harvesting Systeim®010is a more concise version of this document,

and is recommended for individuals with knowledge of the building sector and the basic trades
involved in rainwater haesting (i.e., plumbing, electrical, and site service work). Both
documents are primarily focused on residential rainwater harvesting systems designed for non
potable use.

What are the Permitted Uses of Rainwater?

As of the publication datef theseGuidelines (July 2010) applicable provincial codes and
regulations in the Province of Ontario permit the use of rainwater for flushing toilets and urinals,
as well as for sulsurface irrigation and below ground irrigation systems

'!Rai nwater connections must be mad e2006.Miniaty ofMunitipah c e wi t h
Affairs and Housing, Toronto, ON., and in accordance with local authorities.
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Chapter 1.2 AET x AOAO # AORAIUAT @AAQ #I1

1.1 Introduction

A key component of rainwater harvesting is the collection of rainwater from a catchment surface,
and its conveyance to a tank for storage and future use.

Rainwater harvesting (RWH) systems most often utilize the roof of a houbkailding for

collecting rainwater. While it is possible to collect rainwater from other surfaces, such as lawns

or parking lots, these catchments are not addressed in this manual due to concerns surrounding
the quality of rainwater collected from theserfaces. Consequently, this chapter focuses
exclusively upon the collection of runoff fro

Once rainwater has been collected from the catchment surface, it must be conveyed to the
storage tank by cneamet wor ka 66 c oTnhvee yrmams t commo.Hl
rainwater is through the use of gravity flow, whereby rainwater is transported to the storage tank
without the use of pumps or other means of assistance. The conveyance network of a RWH
system is typicallycomprised of three main components: external gutters (also referred to as
beavestroughsado), downs pout Figure &BI).d Otleer means afg e p i
comeying rainwater, such as Orain |l eadersdo (
available, however, these shall not be directly addressed.

2

Figure 1-1. [LEFT] 1. Gutter and 2.Downspout; [RIGHT] Conveyance drainage piping for belowground
rainwater storage tank (prior to burial)

The size and complexity of a conveyance network may be quite minimal, as is the case for most
above ground storage tanks located a short distanoe tiie catchment surface. For below
ground tanks and tanks integrated within buildings, these networks can be much more extensive
and complex. This chapter provides guidance on the issues to consider when selecting the
catchment surface, and how to desayd install the conveyance network to handle the large
volumes of rainwater runoff that are generated during severe storm events.
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1.2 Applicable Codes, Standards, and Guidelines

Tablel-1references codes and standards applicable to catchment and conveyance networks.

Table 1-1. Applicable standards, codes and guidelines for rainwater catchment and conveyance networks
Applicable Codes,

Selected Provisions &

Slandards and Design and Installation Implications

Guidelines
hy Gl NRA2Qa
0. Reg 350/06
(2006)

7.2.5.10. Plastic Pipe, Fittings and Solvent Cement Used Undergro
7.2.5.12. Plastic Pipe, Fittings agwlvent Cement Used in Buildings
7.3.4.5. Support for Horizontal Piping

7.3.4.6 Support for Underground Horizontal Piping

7.3.5.1 Backfill of Pipe Trench

7.3.5.4. Protection from Frost

7.4.7. Cleanouts

7.4.10.4. Hydraulic Loads from Roofs or Pavedf&es

7.4.10.9. Hydraulic Loads on Horizontal Storm Drains
Supplementary Standard SB Table 1.2

E R

Articles 7.2.5.10. and 7.2.5.12. specify approved pipe materials used
underground and inside buildingdheOBCalso providegrovisions for the
support ard protectionof piping

Subsection 7.4.7. provides provisions on the size and spacing of cleana
manholes, and location of cleanouts.

Articles 7.4.10.4. and 7.4.10.9. specify the method for sizing conveyanc
drainagepipes, based upodesignrainfallintensityvalues(15 Min Rainfall,
mm) obtained from Table 1.2 in Supplementary Standard StBe roof
catchment area, and the slope of conveyaxcainagepiping.

CSA Standard B128.1  § 10 Separation

(2006) I 12.3 Buried pipe

Provides specificains for the installation of conveyancdeainagepiping for
underground and above ground applications.

Note:Not legally binding unless adopted in future editions of the OBC.
NSF Protocol P151 Selection of roofing materials, coatings, paints, gatters with NSF P151
(1995) certification will not impart levels of contaminants greater than those
ALISOATASR AYy GKS ! ®{®d 9t ! Q& 5NRY
where high quality rainwater is needed for the intended use.

Not legally binding unless adimgl in future editions of the OBC.

I:l Mandatory Documents I:l Supplementary Documents
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1.3 Issues for Consideration

Catchment Area

Theoretically, for every square meter of roof catchment area, 1 Litre of rainwater can be captured
per millimetre of rainfall. To calculate the catchment area:

Ff+ < | mé D Qeio o
The relationship between catchment area and the volume of rainwater collected is illustrated in
Figurel-2. As shown below, the larger the catchment area, the greater the quantities of rainwater

that can be collected per millimetre of rainfall.

width = 1m

1
// S I height = 1mm = 0.001m
1

r,: ____________________ 1/' III

1 o

' v,/ A length = 1m
1 V :
______________________ 7

Volume = width x length x height
=1mx1mx0.001m
=0.001 m*
=1 Litre

Figure 1-2. Theoretical volume of rainwater collected from a roof catchment

The catchment area has a significant impact on both the design and water savings potential of
RWH systems. In general, it is recommended that the size of the catchment area used for a
RWH system be as large as possible to maximize water savings. FoREVbstsystems
collecting rainwater from a roof catchment, the size of the catchment area is usually
predetermined by the size of the existing house or building. In such cases, one means of
collecting additional rainwater is to utilize multiple roof catcimtseand convey rainwater to one
central, or 6écommunal , 6 storage tank.

Alternatively, sometimes it may not be feasible or beneficial to collect rainwater from the entire
catchment area due to rainwater quality concerns, location/placement of theternistoeage
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tank, or for other reasons. These, and other, issues are discussed furtheDesitme &
Installation Guidelines

Catchment Material

In Canada, most houses have sloped roofs covered with asphalt shingles, while many industrial,
commercialand institutional buildings have flat builp roofs (which can be comprised of
various materials, i.e., felt and asphalt roofs). The type of catchment material used by a RWH
can affect:

1. The proportion of rainfall collected during a rainfall event, defth as t he d&écol
efficiencyd from the roof catchment; and
2. The quality of harvested rainwater.

Rainfall Collection Efficiency

Although 1 Litre of runoff can theoretically be collected from each millimetre of rainfall
contacting a Im? surface area,osne losses take place following contact with the catchment
surface. These losses vary depending upon the type of catchment material and the geometry of
the roof and should be considered when estimating the amount of rainwater that can be collected
and utlized by the RWH system. In general these losses can be characterized by an initial loss
factor (in mm of rainfall) due to the absorbency of the catchment material, and continuous losses
(in percentage of rainfall) from wind and leaks in the conveyanteone These losses for
various roof catchment materials are listed able1-2.

Table 1-2. Collection efficiency (loss factors) associated with various roof catchmerft3

. Initial Rainfall Continuous Rainfall
RS HCEE T IR Loss Factor (mm) Loss Ratio (%)
Steel Roof 0.25 20.0
Asphalt Shingle Roof 0.5 20.0
Fiberglass Roof 0.5 20.0
Asphalt Builtup FlatRoof 15 20.0
Hypalon (Rubber) Flat Roc 15 20.0

2DIN 19891:200%10. DIN 1989 Rainwater Harvestitf8ystems Part 1: Planning, Installation, Operation and
Maintenance. 2002. Fachvereinigung Betriabsl Regenwassernutzung e.V, fbr, Darmstadt, Germany.

% Building Capacity for Rainwater Harvesting in Ontario: Rainwater Quality and Performance of RVrhSyst
2008. Despins, C. M.Sc. Thesis, University of Guelph.
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Rainwater Quality

The quality of rainwater runoff from a catchment surface can be affected in two ways. First, dirt
and debris can collect on the roof surface from direct atmospheric depositioinpm
overhanging foliage or bird and rodent droppings. Alternatively, the roof material itself can
contribute both particulate matter and dissolved chemicals to runoff water. This first issue is a
concern for all RWH systems and is discussed in grelatail in Chapter 3 Rainwater Quality

& Treatment Dissolved particulate matter and chemicals are gkyewaly of concern if
rainwater is to be used for potable water applications and as such these issues are not directly
addressed in this manual (refer to NSF Protocol P151 for further guidance on this issue, see
Sectionl.2 Applicable Codes, Standards, and Guideliftzsletails).

Rainwater Conveyance

Once collected from the catchment surface, rainwater is transferred to the rainwater storage tank
through a series of component s, referred to
typical conveyance network for a residential houseropdovided inFigure1-3.

1. ROOF CATCHMENT

/— 2. GUTTER
4. DOWNSPOUT TO

/ PIPE TRANSITION

3. DOWNSPOUT

5. CONVEYANCE

DRAINAGE PIPING 7. OVERFLOW

DRAINAGE
PIPING

_ 

—_—
6. RAINWATER STORAGE TANK

Figure 1-3. Schematic of a typical conveyance network for a beloyground rainwater storage tank

Page b



When designing and installing a conveyance network, a nuonfhissues must be considered,
including:

Sizing and placement of conveyance network

Site conditions and location/placement of storage tank
Cold weather issues

Rainwater quality

e

These issues are examined in greater detail in the following sections.

Size, Slope and Placement of Conveyance Network

To ensure that the conveyance network can handle the runoff from the catchment surface in
severe storms, all sections of the conveyance network (gutters, downspouts and drainage piping)
must be appropriatglsized and sloped to promote the rapid drainage of water. The design of
gutters and downspouts are generally not dependent upon building code specifications; rather,
there are standard sizes and O6r ul es draifaget humb &
pipes must be sized in accordance with the applicable provincial codes and regulations, (refer to
Sectionl.2 Applicable Codes, Standards, and Guidelifeedetails).

When sizing pipes and other parts of the conveyance network, it is important to consider what
proportion of the catchment surface a particular section of the network is handling. In a majority
of cases, the catchment surface will be divided into sectwribe collection and conveyance of
rainwater (i.e., a peaked roof will have at least two distinct drainage areas where rainwater will
be collected). As such, it may be necessary to have multiple smaller conveyance drainage pipes
that transfer rainwateo a largersized pipe prior to the rainwater storage tank.

Site Conditions and Tank Location

When planning a conveyance network, it is important to take into consideration the site
conditions and location/placement of the rainwater storage tankayitbe difficult to connect

some sections of the catchment surface to the conveyance network due to the grading and/or
layout of the site, distance to the storage tank, or complex roof shapes. For instance, when
designing the layout of conveyance drainpagee transferring rainwater to a tank located below
ground, the length of pipe and pipe slope can affect the burial depth of the tank (i.e., force it to be
buried deeper below ground). Some tanks, however, cannot be buried below a maximum rated
burial deph, and consequently, the location of the tank or pipe slope may need to be adjusted.
Alternatively, a reinforced tank designed for deeper burial must be selected.tdReffapter 2
Rainwater Storage & Tank Sizifgy further details.

Another concern when designing conveyance networks leddirgelowground tanks is the

presence of buried service lines (gas, water, phone, etc.). An inspection of the site to locate the
service lines must be performed to ensure that the planned route is free from buried lines.
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Conveyance Network Materials Sele ction

Part of planning the conveyance network is selecting the appropriate material for each of the
net work~oés component s. Gutters and downspouts
galvanized steel, and both are considered suitable for us&With systems. When selecting a

pipe material, a number of criteria must be considered. The pipe selected shall be rated as
suitable for Ultraviolet (UV) light exposure and burial (where applicable), and if rainwater
quality is of concern, be rated for ltimg potable water. In addition, the selected pipe must be
approved by the applicable provincial codes and regulations. In general, a type of Polyvinyl
chloride (PVC) pi pe, referred to as fisewer gl
RWH systemsas it meets these criteria. Acrylonitrile butadiene styrene (ABS) is another type

of pipe that can be used, and is typically less expensive than PVC SDR35, but may not be
appropriate for all RWH systems as it is not rated for UV exposure. It is impdotarote

however, that even if rainwater is conveyed using pipe suitable for potable water, this does not
imply that rainwater is potable or suitable for potable use.

Cold Weather Issues

Throughout much of Canada, temperatures often drop below fre@?i8Yy during the winter
months. During periods of extreme cold weather, rainwater that is outdoors or in an environment
not temperature controlled (maintained above 0°C) is at risk of freezing. Rainwater can freeze in
the conveyance network if it is ndtrained adequately or if it must travel through extended
portions of the network that are not temperature controlled.

Rainwater Quality

When planning the rainwater catchment and conveyance network, the quality of rainwater
entering the storage tank may be improved by excluding the catchment of rainwater from
specific materials or sections of the catchment surface, such as sections Wizelrawreen

roof or sections with overhanging foliage. If quality is of concern, but the amount of rainwater
collected must be maximized by collecting from some of these surfaces, rainwater can be treated
before use. Refer Bhapter 3 Rainwater Quality & Treatmerior further details.

Rainwater quality can also be improved by preventing the entry of contaminants into the tank by
means of the conveyance network. To prevent the entry of animals or insects into the tank, all
sections of the conveyance network must be structurally sound amévetny holes or other
points of entry other than those required for water flow. Particular attention should be paid to the
transitions between components, especially the transition from the downspout to conveyance
drainage pipe, which is usually locdtat ground level.
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1.4 Design & Installation Guidelines

Design and installation guidelines:
Note: refer toSectionl.2 Applicable Codes, Standards, and Guidelif@sthe specific provisions
thatapplywe n t he term fAin accordance with applicabl

1. When selecting the catchment(s) for collecting rainwater:

a. Only roof surfaces are recommended;

b. Collection from green roofs is not recommended,;

c. Avoid sections of the roofith overhangindoliage, or trim where possible;

d. If rainwater collected from the catchment surface must be of very high quality,
materials with NSF P151 certification can be selected.

2. To maximize the volume of rainwater collected by the RWH system:

a. Thecatchment surface should be as large as possible;

b. If a roof catchment material is to be selected and installed in conjunction with the
RWH system, material with minimal collection losses, such as steel, should be
selected (refer thableA-1 for details);

c. Convey rainwater using appropriately sized and sloped components, including
gutters, downspouts, and/or conveyance drainage piping; and

d. Where possible, multiple roofatchments can be connected to a central or
6communal 6 rainwater storage tank.

3. Gutters and downspouts:
a. Gutter and downspout material:
i. Aluminum or @lvanized steel are recommended,
ii. Copper, wood, vinyl, and plastic gutter and downspout mateaia not
recommended,
ii. If rainwater conveyed through gutters and downspouts must be of very
high quality, materials with NSF P151 certification can be selected.

b. Gutter slope:

i. Where possible, slope gutters in the direction of the location of the
rainwater orage tank,

ii. Ensure a minimum slope of 8284 (the greater the slope the better) is
maintained throughout the gutter length.

c. Gutter size:

i. In general, 125 mm [5 in.] #style gutter is commonly used and should be
suitable for most typical residential roof drainage aesabgutter lengths;
ii. To determine the size of gutter required for a given roof drainage area:
1. Consult the applicable provincial codes and regulations pertaining
to the design rainfalhtensity for the site location,
2. Calculate the area of roof draining iritee gutter:

Joofpti- LpgdE  OQe@md Q@
Equation 1-1
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Where: Length = length of the gutter served by a downspout (m)
Width = distance from the eave to the ridge¢he roof
drainage area served (m)

1. Refer toTablel-3to determine the minimum size of gutter,
required based upon the roof drainage am&&nd design rainfall
intensity values determined above:

Table 1-3. Minimum gutter sizes for given roof drainage areas and rainfall intensitie$

Maximum Roof Drainage Area Served per Downsp(mt)*?

Minimum Required . . . e
d Design Rainfall Intensity (15 Min rainfall, mm):

Gutter Size and Typ

1875 25 31.25 375 4375 50 56.25 62.5

100 mm [4 in.] Kstyle 71 53 43 35 30 27 24 21

125 mm [5in.] Kstyle 130 98 78 65 56 49 43 39
150 mm [6in.] Kstyle 212 159 127 106 91 79 71 64
"aAyAYdzyY NBIdANBR 3IdzidSNI aAT S | aadzySa GKIFG 3dzid SN
gutter slopes, the table values may be multiplied by 1.1.

a2l EAYdzY NRB2F RNIAYyIF3IS NBI FaadzyYSR NRB2F &ft2L35a X
values by 0.85.

ii. For other gutter types and/or larger roof drainage areas, consult the gutter
manufacturer or contractor regarding the sizing of gutter.
b. Location and spacing of downspouts:
i. Where possible, locate downspout(s) near the latatiohe rainwger
storage tank,
ii. Locating downspouts at inside building corners is not recommended;
iii. Downspouts shall serve no more th&nm [50 ft.] of gutter length.
c. Downspout size:
i. In general, 50x75 mm [2x3 in] rectangutgpe downspouts or 75x75 mm
[3x3 in.] squargype downspouts are commonly used and should be
suitable for most typical residential roofditage areas and gutter lengths,
ii. To determine the size of downspout required:
1. Refer toTablel-4 to determine the minimum size of downspout
(either rectangularor square type) based upon the size of gutter
the downspout is serving:

* Adapted from Moisture Resistant Homes: A Best Practice Guide and Plan Review Tool for Builders and
Designers. 2006. U.S. Department of Housing and Urban Development, Washington, DC
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Table 1-4. Minimum downspout sizes for gien size of gutte?

~ Minimum Downspout Size
Gutter Size and Type (mm [in])

Rectangular type Squaretype \

100 mm [4 in.] Kstyle 50x75 [2x3 ] 75X75 [3x3]
125 mm [5 in.] Kstyle 50x75 [2x3] 75x75 [3x3]
150 mm [6 in.] Kstyle 75 x 100 [3x4] 100x100 [4x4]

iii. For other downspout types and/or larger gutter sizes, consult the
gutter/downspout manufacturer or contractor regarding the sizing of
downspout.

d. Gutter and downspout installation:
i. Gutters should be custefabricated and installed such that there are no
seamsalong the length of guttering,

ii. Gutters shall be supported by hangers (hidden hanger or spike and ferrule)
that are spaced at a maximof450 mm [18 in.],

iii. Downspout offsets should not exceed 3.0 m [10 ft.].

e. Refer toAppendix Aor an example of sizing gutters and downspouts.
2. Catchment area:
a. In cases where an entire roof catchment or other catchment surface is utilized,
catchment area can be detened using:

JL o] LAY N v, iy e~ T
F+ <k [ogrgéd 0 Q@O oQ@
Equation 1-2

Where: Length = length of the catchment surface (m)
Width = width of the catchment surface (m)

b. In cases whersections of one roof catchment or multiple catchment surfaces are
utilized, the catchment area can be determined by summing the multiple smaller
areas.

3. Plan the layout of the conveyance network:

a. For rainwater tanks located above ground:

i. Determine the locain of the tank (refer t&€hapter 2 Rainwater Storage
& Tank Sizingor guidance),
ii. Route downspout(s) and/or convaga drainage piping to the tank.

b. For rainwater tanks located below ground:

i. Determine the location of the tank (refeiGbapter 2 Rainwater Storage
& Tank Sizingor guidance),

ii. Plan route of conveyance drainage piping fitb downspout(s) to the
tank,

® Adapted fromMoisture Resistant Homes: A Best Practice Guide and Plan Review Tool for Builders and
Designers. 2006. U.S. Department of Housing and Urban Development, Washington, DC
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iii. Ensure that there are no buried service lines (gas, electricity, water,
stormwater, wastewater, phone, or cable lines) in the area where digging
will take place to accommodate the buried conveyance drainage pipes by
contactingthe municipality and service providers,

iv. For additional guidance on planning the layout of conveyance drainage
piping for below ground tanks, refer Appendix A

4. Conveyance drainage pipes:

a. Pipe material:

i. PVC SDR35 pipe (recommended), or ABS pipe, where

ii. Pipe selected must be approved by applicable provincial codes and
industry standards (CSA, ASTM, etc.).

b. Pipe size and slope:

i. Ensure a minimum sl@pof 0.52% (the greater the slope the better) is
maintained throughouhe pipe length,

ii. Consult the applicable provincial codes and regulations pertaining to
conveyance drainage pipe sizjagd

lii. For estimation purposespnsultTableA-1 andTableA-4 in Appendix A

c. Cleanouts:

i. Cleanouts are required on conveyance drainage pipes to facilitate cleaning
of the conveyance drainage pipes

ii. Consult the applicable provincial codes and regulatp@naining to size
and spacing of cleanouts, manholes and location of cleanouts.

d. Tank connection:

i. Rainwater conveyance drainage piping should enter the tank at a height no
lower than that of the overflow drainage piping, or ideally, at a height 50
mm [2 in] above the bottom of the overflow drainage pipe(s) entering the
tank.
5. Installation of conveyance drainage pipe:

a. Above ground pipes shall be supported in accordance with applicable provincial
codes and regulations;

b. Below ground pipes shall be located ipraperly excavated space, be supported
and properly backfilled in accordance with applicable provincial codes and
regulations;

c. Pipe freeze protection:

i. Ensure that all buried pipes are located below the frost penetration depth.
Consult local building authoi t i es regarding regul at]
for frost penetration depths. For estimation purposes, refgrgendix A

ii. Provide insulation oheat tracing for pipes buried above the frost
penetration depthrexposed above grade (referAppendix Aor details
regarding pipe insulation).

d. Undergroundnomet al | i ¢ pipes should be instal/l
referred to as o6tracer wireb6) at a heig
purpose of locating asstalled piping.

e. Consult the pipe manubmegadingerecémsmerndeds t a | |
pipe bedding, support and backfilling procedures.
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. Tank frost protection:

a. Storage tanks located above ground at risk for freezing shall be protected by:

i. A conveyance network bypass, where sections of downspout and/or pipe
upstreanof the tank shall be capable of being disconnected and/or re
routed to divert rainwater/snowmelt from entry into the tank during winter
months,

ii. A drain valve located at the bottom of the storage tank.
. Ensure that there are no means of entry for smatials or insects into the rainwater
storage tank from the conveyance network by:
a. Properly installing all sections of the conveyance network, such that they do not

have any holes or other points of entry other than those required for water flow;
and

b. Instaling downspouto-pipe transition fittings.

Install prestorage treatment devices as required (ref@hiapter 3 Rainwater Quality &
Treatmenfor details).
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1.5 Management Guidelines

1. The catchment surface should be inspected once every six months, to:

a. ldentify any sources of contamination¢luding accumulated dirt and debris,
presence of overhanging tree branches or other foliage, and/or signs of animal
activity (i.e., bird droppings); and

b. If contaminants are present, these should be removed by cleaning the catchment
surface by garden hose sweeping, and if applicable trimming overhanging tree
branches/foliage.

2. The gutters and downspouts should be inspected once every six months, to:

a. Remove any dirt and debris that have accumulated; and

b. Repair and/or replace damaged components to epsyper rainwater flow and
prevent entry of birds, rodents or insects into the RWH system.

3. During periods of cold weather, the conveyance network should be inspected periodically
for ice buildup:

a. Inspect the components of the conveyance network thatsitg accessible (roof
inspection not recommended) for the presence of ice, and if present, monitor over
time to determine if the ice is accumulating in the network;

b. For buried pipelines, ice buddp may be identified by poor performance of the
RWH system(low volumes of stored rainwater even during frequent fréleae
periods) and/or by rainwater backing up the preceding sections of the network.

4. Ifice is accumulating in sections of the conveyance network, and if it poses a risk of
blocking and/or causqndamage to the network, the following steps are recommended:

a. Winterize the conveyance network through some, or all, of the following:

i. Install a heating system to maintain air temperatures above 0°C if a large
portion of the conveyance network is locateaold indoor environments
like garages,

ii. Install heat trace wire around gutters and/or downspouts,

iii. Excavate the conveyance drainage pipes and install rigid Styrofoam
insulation or heat tracing.

b. Alternatively, the RWH system can be decommissioned dthiagvinter months
(refer toSection2.5 of Chapter 2 Rainwater Storage & Tank Sizifigr details).

5. While inspecting, cleaning, or repairing the catchment surface and parts of the
conveyane network, follow all necessary safety precautions.
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Chapter2. 2 AET xAOAO 301 OACA QO 4AT E 3EUE

2.1 Introduction

The reservoir that is used to store rainwater harvested from roof catchments is often referred to
as a rainwater storage tank, or someti mes ref
Rainwater storage tanks are available in variety of differmaterialsi concrete, plastic,
fibreglass, etci and can be installed either abew belowground, or alternatively, directly
integrated within a building (such as built into a basement wall or foundation).

Figure 2-1. [LEFT] Pre -cast concrete tank (below ground application), [CENTRE] Plastic tank (above
ground application) and [RIGHT] Cast in place concrete tank integrated within parking garage (integrated
storagef

The storage capacitf rainwater storage tanks can also vafyom several hundred litres for a
typical rain barrel to thousands of litres of storage found in commercially available- aiyove
belowground holding tanks. In addition to acting as the primary storage reséneoiainwater

storage tank can also be considered as the central hub of a RWH system. It is the central location
for handling all of the rainwater going into (and coming out of) the RWH system and many
important components, such as the pump and watek $ensor, are often located directly within

the tank itself.

Care must be taken during its selection, installation and maintenance to ensure the proper
functioning and optimal performance of the RWH system. This chapter discusses the issues that
must k& considered when performing these tasks, and also provides guidance on how to
maximize the collection efficiency of RWH systems while keeping the size (and cost) of
rainwater tanks as small as possible.

® Image of cast in place tank © Toronto and Region Conservation Authority, Toronto, ON.
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2.2 Applicable Codes, Standards, and Guidelines

Table2-1 references specific codes and standards that are applicable to rainwater storage tanks.

Table 2-1. Applicable standards, codes and guidefies for rainwater storage tanks

Applicable Codes,

Standards, and

Selected Provisions &

Guidelines
hy Gl NRA2Qa
0. Reg 350/06
(2006)

Design and Installation Implications

T 7.1.6.2. Accessibility

Specifies that allevices or pieces of equipment must be located such th
they are readily accessible for use, cleaning and maintenance.

Confined Spaces
O. Reg 632/05
(2009)

Where entry into a rainwater tank is needed to install components,
precautions outlined iOntario Regulation 632/05 Confined Spaces must
followed.

hydl NA2Qa
O. Reg 350/06
(2006)

1 8.2.1.5. Clearance Distances for Class 1, 2 and 3 Sewage Systems

Specifies minimum clearances of greywater systems from wells, proper
lines, etc. These clearances should provide guidance on the separation
distances for rainwater storage tanks.

CSA Standard B128.1
(2006)

i 7.0 Storage Tanks

Provides specifications for the design and installation of rainwater stora
tanks, including: access openings, piping connections, overflow, drainag
and venting.

Note:Not legally binding unless adopted in future editions of the OBC.

NSF/ANSI Standargil
(2008)

Selection of a plastic tank with NSF/ANSI Standard 61 certification is wi
impart unsafe levels of contaminants in drinking water. Recommended
where high quality rainwater is needed for the intended use.

Note: Not legally binding unlesddapted in future editions of the OBC.

I:l Mandatory Documents

I:l Supplementary Documents
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2.3 Issues for Consideration

General

As the central hub for RWH systems, rainwater storage tanks are directly connected to a number
of pipes and also house some components internally. These components may include some, or
all, of the following items shown iRigure2-2.

———ACCESS RISER ———— 8. ELECTRICAL WIRING
/ (BELOW GROUND TANKS)
OR 4. RAINWATER
L RAINWATER ACESS HATCH PRESSURE PIPING
CONVEYANCE =~ (ABOVE GROUND TANKS & (TO NON-POTABLE
DRAINAGE PIPING INTEGRATED STORAGE) EIXTURES)
3. ELECTRICAL
__________ ) ( SUPPLY CONDUIT
— T ) /
| HIGH WATER
7 LEVEL
|

2. TOP-UP ’/
DRAINAGE

PIPING TANK CAPACITY 5. RAINWATER
OVERFLOW

|

|

|

|

| RAINWATER STORAGE
|

: DRAINAGE PIPING

6. PUMP
7.WATER LEVEL

OR
/II/ % / PUMP INTAKE
SENSOR (FLOAT \‘\

SWITCHES SHOWN) <V

LOW WATER
Y.LEVEL

<N

Figure 2-2. Rainwater storage tank schematic

Tank Location

The optimum location of a tank on a given site depends upon the required fall for the gravity
flow conveyance network (as discusseimapter 1 Rainwater Catchment & Qweyanck as
well as a broader range of issues, including:

Placement of tank above or belowground, or integrated withinudding,

Desired/required rainwater storage tank capacity

Regional climaté freezing issues,

Site conditions site grading, accesslity, and space availability,

Proximity to the following:

Catchment area,

Overflow discharge location,

Controlcomponents of pump and pressure system,

Other site services (i.e.,. gas, electricity, water, stormwater, wastewater, phone, or
cable lines)

arwnE

apop
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Following consideration of each of these issues, it is likely that-sHdemust be madé for
instance, the ophum tank storage capacity may be too large to be accommodated at the site, or
the optimum location for the tank may be in an area that is difficult to access. Some guidance
with respect to these issues is provided in the following sections.

Tank Placement

Table2-2 discusses some of the advantages and disadvantages associated with the different
placement options with regards to rainwater storage.

Table 2-2. Advantages and disadvantages of different tank locations

Tank Placement Advantages Disadvantages
Aboveground 1 52y Qi KIF @S &XqT Ranwater may freeze in tan
costs associated with belew unlesslocated in
ground storage temperature controlled

environment
Belowground storage  { Storage tank can be placed { Location must be free of

below frost penetration buried service lines and
depth, permitting year accessible by excavation
round operation machinery

9 Does not take up yard spac¢ § Excavation requires
additional site work which
increases cost of RWH
system

Integrated storage 9 Little or no excavation cost § Engineers must design
i Storage tank capacity can b storage reservoir such that i
customized foeach site is structurally sound and
1 Permits yearound does not leak into the
operation building

Tank Capacity

In general, the larger the tank, the greater the volume of rainwater that cafidoted and

stored during rainfall events (collection efficiency). However, this is true only up to a certain
point i after which other factors, such as local rainfall patterns, roof catchment area and
rainwater demand, will limit the amount of rainfafiat can be collected and utilized by the
system. Thus, for a RWH system with a given roof catchment area, rainwater demands and local
rainfall patterns, the storage capacity of the tank can be described as either:
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1. Too smalli Much of the collected rawater overflows during rainfall events. Significant
improvements in collection efficiency can be achieved from minor increments in storage
volume.

2. Optimum range 1 Rainwater tanks in this range provide the best balance between
collection efficiency of th&*WH system and minimizing its size and cost.

3. Too largei Rainwater tanks in this range rarely fill to capacity. A smaller tank can be
utilized without a significant drop in the collection efficiency of the RWH system. An
oversized rainwater storage tgrhowever, may be desirable if stormwater management
is a strong driver for installing a RWH system.

To determine the appropriate rainwater storage tank capacity, two methods are available:

Rainwater Harvesting Design Tooli This is a Microsoft Excebased program that can be used

to determine the optimal storage tank capacity given-sgiéeific details including city,
catchment area and material, and rainwater demands. For further details regarding this
companion to théntario Guidelines for Residential Raimter Harvesting Systems, refer to
Appendix B

Rainwater Storage Tank Sizing Tablesi Tables of optimal rainwater tank capacities have
been generated using the Rainwater Harvesting Design Tool for the Cityrarfitg given a
varietyof roof catchment areas and rainwater demands. This table is providlpgandix B

Note that when selecting a tank size, consideration musivba tp the unused volume at the
bottom and top of the tank (sometimes referre
storage volume. Refer tGhapter 4 Makeup Water System and Backflow Preventand

Chapter 5 Pump and Pressurized Distribution Systeminformation regarding dead space at

the bottom of the tank.

Cold Weather Issues

Throughout much of Canada, temperatures often drop below freezing (0°C) during the winter
months. Rainw@r stored outdoors or in an environment not temperature controlled (maintained
above 0°C) is at risk of freezing, either in the storage tank itself, in the pump pressure piping, or
both. Water freezing in either location may cause short term blockadeseace disruptions,

or in the long term, the RHW system may become damaged through the expansion of ice in the
system. To minimize these risks, the following options are available:

1. Winter decommissioningi If an outdoor abowground tank is used toose rainwater
(or other setup in a netemperature controlled setting), the tank, pump and pressurized
lines shall be drained of all rainwater prior to the onset of cold weather and use of the
system shall be discontinued during the winter months.

2. Winteri ze RWH systemi A RWH system can be utilized yessund in cold climates
provided the tank is:

a. Located in a temperatwantrolled environment such as a heated garage or
basement in the case of abay®und or integrated rainwater storage; or
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b. Located in ebelowground tank that is buried below the local frost penetration
depth.

The first option is generally the simplest and least costly system to design and install. These
benefits, however, are largely offset by the significant reduction in rainwatercamate
collected and used throughout a given year, as well as by the potential damage to system
components if decommissioning occurs too late or not at all. The second option, to winterize the
system, is more complicated and more costly, however itefemped since it enables the RWH
system to operate throughout the entire year and ensures system components are protected from
frost damage.

Tank Material

In Canada, materials such as concrete, plastic, and fiberglass are commonly used in the
constructio of storage reservoirs. The selection of one of these materials for a rainwater storage
tank will largely depend upon local availability, as well as on cost, tank placement {above
belowground or integrated), storage requirements, site accessikditg/or engineering
specifications. In recent installations, ab@reund tanks are often plastic while integrated tanks

are usually cash-place concrete. Beloground tanks are usually poast concrete or plastic.

In general, greater economies oélecare seen for concrete tanks than for plastic tanks, making
concrete a more desirable material for very large systems. Engineering specifications such as
maximum rated burial depth or minimum required water level vary for different tank materials
and esigns. Installation and operational specifications can be sought from manufacturers.

Another consideration is the potential for chemicals to leach from the tank into the stored

rainwater; however, this is primarily a concern if rainwater must be ofhighyquality for one
or more of the connected rainwater fixtures.
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2.4 Design & Installation Guidelines

Design and installation guidelines:
Note: refer toSection2.2 Applicable Codes, Standards, and Guidelif@she specific provisions that
apply when the term fiin accordance with applicable

1. Determine the rainwater storage tank capacity:

a. If the rainwater storage tank will be used for stormwater retention anddartas
of a stormwater management system, the tank shall be sized as required by local
authorities (refer t&€hapter 6 Overflow Provisions & Stormwater Management
for details);

b. For storage tanks used for rainwater harvesting purposes

i. Use the Rainwater Harvesting System Design Tool (refApfendix B
for instructions on accessing the Design Toml)
ii. Use the method provided in tRainwater Storage Tank Sizing Table
section ofAppendix B
c. If sizing the tank without reference to the Design Tool or Tank Sizing Table,

consider:
i. The unused volume (typically referrec
selecting tank size. If unknowrssume 20% of tdncapacity will be
dead space,

ii. The collection losses from petorage treatment devices (refeCioapter
3. Rainwater Quality & Treatmerior details).
2. Determine the type of material utilized for the rainwater tank, based on:

a. Placement (abover belowground, or integrated storay

b. Storage volume requirements;

c. Engineering specifications (s&ection2.2 Applicable Codes, Standards, and
Guidelinesfor applicable standards and consult with manufacturers for further
specifications); and

d. Connected rainwater fixtures and desired quality. (S=ion3.2 Applicable
Codes, Standards, and Guidelirfes applicable stasards).

3. Determine the location of the rainwater storage tank:
a. For all rainwater storage tank locations:
i. Ensure the location allows for:

1. Proper drainage of rainwater through the conveyance network
(refer toChapter 1 Rainwater Catchment & Qweyancdor
details),

2. Proper drainage of makeg water through topp drainage piping
(refer toChapter 4 Makeup Water System and Backflow
Preventiorfor details),

3. Proper drainage of rainwater from the storage tank to an
appropriate stormwater discharge location (reféchapter 6
Overflow Provisions & Stormwater Managemésttdetails).
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b. For below groud storage tanks:
i. Identify the area(s) where the tank can be located:

1. Ensure the location is free from buried service lines. Contact
service providers to determine the location of buried service lines
(gas, electricity, water, stormwater, wastter, phoneor cable
lines),

2. Ensure the location is permitted by applicable provincial codes and
regulations based upon the minimum cleaeamguirements for
buried tanks,

3. Ensure the location is accessible for excavation equipment and the
tank delivery vehicle. Qusult the excavation contractor and tank
supplier for exact requirements.

ii. Tank freeze protection:

1. Locate the tank such that the high water level in the tank is at a
depth below the frost penetration depth (consult the tank
manufacturer regarding tmated burial depth of the tank),

2. Consult applicable provincial codes and regulations and/or local
building authorities to determine local frost penetration depth
(refer toAppendix Aor an estimation of frost depth),

3. If the tank cannot be placed below frost depth, insulate with rigid
Styrofoam, installed on the tank roof and extended out beyond the
tank walls (refer téAppendix Aor guidelines regarding thickness
of foam insulation).

c. For above ground storage tanks:
i. Identify the area(s) where the tank can be latate

1. Ensure the location is permitted by applicable provincial codes and
regulations and municipal zoning bylaws. Consult locgbing
authorities for details,

2. Ensure the location has sufficient space for access above and
around the tankfor inspection ad maintenance.

ii. Tank freeze protection:

1. If the tank is not located in a temperatgantrolled environment
and is at risk for freezing, winterizing or decommissioning must be
performed in accordance with the guidelines below.

d. For rainwater storage tankschited within a building and/or integrated within a
building:
i. Identify the area(s) where the tank can be located:

1. Ensure the location is permitted by applicable provincial codes and
regulations and municipal zoning bylaws. Consult locgbing
authorities for details,

2. Ensure the location has sufficient space for the requireagso
volume,

3. Ensure the location has sufficient space for access above and
around the tank®r inspection and maintenance,
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4. Ensure provisions (such as floor drains and/or spumpp) are in
place to handle potential leaks and overflows from the storage
tank

5. Consult a structural engineer regarding the design and location of
all integrated tanks, as well as indoor tanks located anywhere other
than the basement or garage.

ii. Tank freging protection:

1. Locate the tank in a temperattoentrolled environment such as a
heated garage or §@ament to prevent tank freezing,

2. If the tank is not located in a temperatgmtrolled environment
and is at risk for freezing, winterizing or decomnossng must be
performed in accordance with the guidelines below.

4. Tank frost protection:
a. If the tank is not located in a temperatgmntrolled environment and is at risk for
freezing, winterizing or decommissioning must be performed:
i. Winterizing:

1. Provide aheating system to maintain air temperatures above 0°C
(if tank is located indoors),

2. Provide a water heating system directly inside the rainwater tank,

3. Insulate the rainwater storage tank.

ii. Decommissioning:

1. Prior to the onset of freezing temperaturbs, rainwater stored in
therainwater tank must be drained,

2. Provisions shall be made to prevent the accumulation of rainwater
and/or snowmelt into the tank during winter months by means of a
tank bypass or tank drain valve (refeiSectionl.4 Design &
Installation Guidelinedor further details).

5. Tank access and openings
a. Tanks shall be provided with an access opening;
b. Access openings shall be a minimum of 450 mm [18 in.] to facilitate installation,
inspection and maintenance of components within the rainwater storage tank;
c. Access openings shdlhve dripproof, noncorrosive covers;
d. Openings that are larger than 100 mm [4 in.] shall have lockable covers;
e. Consult applicable provincial codes and standards regarding tank access and
openings.
6. Tank venting:
a. For below ground rainwater storage tanks:
i. In general, venting of the tank through the rainwater conveyance drainage
piping and overflow drainage piping connected to the tamk@)nsidered
to be sufficient for typical single family residential dwelling,
ii. For other dwellings, omicases where veny by means of conveyance
drainage piping and overflow drainage piping connections is considered
insufficient, a vent shall be installed on each tank, where:

" Adapted from CAN/CSAB128.1:06 Design and installation of nguotable water systems. 2006. CSA
International, Mississauga, ON. Refer to CSA B128.1 for further details.
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1. The vent pipe shall extend from the top of tank to a minimum
height of 50 mm [6in.] above grade,

2. The vent pipe shall be of a sufficient size to permit the flow of air
while the tank is filling, and shall be nesls than 75 mm [3in.] in
size,

3. Vent shall terminate in a gooseneck fitting with a screen to prevent
the entry of birdstodents and insects.

b. For rainwater storage tanks located indoors and/or integrated within buildings:

i. Rooms containing open tanks shall be vented to the outside of the building
to prevent the accumulation of humidity or noxious gases
7. Installation of storag tanks:

a. Below ground tanks shall be placed in a properly excavated space, be supported
on a tank bedding and be properly backfilled in accordance with applicable codes
and standards;

b. Integrated storage tanks must be constructed and/or installed in aosovdh
the designerds instructions and good en

c. Consult the tank manufactureros install
tank bedding, sygort and backfilling procedures;

d. Connect the rainwater conveyance drainage pipe(s), owedflainage pipe(s),
rainwater pressure pipe(s) and electrical conduit(s) to the tank, ensuring that the
connections are properly sealed and watertight.

8. Installation of components within the rainwater storage tank:
a. Components installed within the tank itgglly include:
i. A pump or pump intake (refer @hapter 5 Pump and Pressurized
Distribution Systenfor details),
ii. Water level sensors and/or other types of control equipment,
iii. Electrical wiring for the pump and control equipment (refeChapter 4
Makeup Water System and Backflow Prevenfmrdetails).

b. Entry into the rainwater stage tank, for the purposes of installing components
within the tank is not recommended,;

c. If entry inside the rainwater storage tank is required, it shall be performed in
accordance witlontario Regulation 632/05 Confined Spadas to the
significant dangey involved when working within a confined space;

d. To reduce and/or eliminate the need to perform work inside the storage tank:

i. Wherever possible, install internal components using the access port,
without entering the tank, or

ii. Have RWH components installeg tank manufacturer, using perseh
trained in confined spaces.

e. Install components such that they are accessible for inspection and maintenance,
without entry into tank;

f. Components installed in the tank should be suited for a wet environment.
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2.5 Management Guidelines

1. Rainwater tanks should be inspected at least once every year for the following:

a. Leaks:

i. For belowground storage tanks, leaks may be identified through poor
performance of the RWH system (i.e., the water mgksystem operates
often), from moist soil conditions surrounding the tank and/or excessive
settling of the tank in the excavated space,

ii. For aboveground storage tanks and integrated storage, leaks can be
identified visually by examining the area surrounding the tanks, or through
poor system performance or soil moisture (if applicable).

b. Accumulation of debris:

i. Sediment may accumulate on the bottom of the tank and, depending on the
treatment provided, appear at the point of use. In such cases, the location
(height) of the pump take may need adjustment. Adjust the location of
the pump intake such that it is located B mm [46 in.] above the
bottom of the tank,

ii. If sediment is still detected at the point of use;gimgage and/or post
storage treatment devices may needetinstalled (or cleaned/maintained)
to improve rainwater quality (refer hapter 3 Rainwater Quality &
Treatmenfor details),

iii. In some cases, it may be necessary toxenthe accumulated sediment
on the bottom of the tank. Place a pump capable of handling large debris
and/or solids (i.e., a suitable sump pump or effluent pump) at the bottom
of the tank to pump out the sediment layer. (Note: removal of sediment
and/or aink cleaning is not generally recommended on an annual basis, as
this can destroy beneficial 6biofilm
contribute to improved stored rainwater qud)ity

c. Fault with pump, water level sensors or other control equipment:

i. Refe to Chapter 4 Makeup Water System and Backflow Prevenaod
Chapter 5 Pump and Pressurized Distribution Systiemmaintenance
details.

d. While inspecting, cleaning, or repairing the tank follow all necessary safety
precautions, such as those liste&ettion2.2 Applicable Codes, Standards, and
Guidelines

2. If tank is susceptible to freezing (i.eutdoor above ground), either winterize or
decommission the system prior to the onset of freezing temperatures:

a. Winterizing:

i. Install a heating system to maintain air temperatures above 0°C (if tank is
indoors), and/or

ii. Install a water heating system ditlganside the rainwater tank, and/or

iii. Install heat trace wire around pipes, valves and/or pump, and/or

8 Key Messages from a Decade of Water Quality Research into Roof Collected Raidwapées. 2006. Coombes,
P.J., Dunstan, H., Spinks, A., Evans, C., Harrison, T. In: Proceedings of 1st National HYDROPOLIS Conference.
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iv. Install insulation on the rainwater tank, around pipes, valves and/or pump.
b. Decommissioning:
i. Drain all of the r