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Rainwater harvesting (RWH) is the ancient practice of collecting rainwater and storing it for later
use. RWH systems are comprised abaf catchment, 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 peods of insufficient rainfall (a water makg 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, andaipal bylaws. 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 indtation 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, regulatorswasl as members from municipal, provincial and federal
levels of government. Background information on each aspect of a RWH system is discussed
and relevant clauses from existing codes and regulations, standards, and guidelines are presented,
as well asadditional design criteria derived from recent field experience and international best
practices for rainwater harvesting. An accompanying docum&iierta Guidelines for
Residential Rainwater Harvesting Systeéim2010is a more concise version of thisaliment,

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

What are the Permitted Uses of Rainwater?

As of the publication date of thegauidelines(July 2010) applicable provincial codes and
regulations in the Province of Alberta permit the use of rainwater forifiggbilets and urinals,
as well as for sulsurface irrigation systerhs

! Rainwater connections must be made in accordancehvthiberta Building Code. 2006. Alberta Ministry of
Municipal Affairs, Edmonton, AB., and National Plumbing Code of Canada. 2005. National Research Council of
Canada, Ottawa, ON.
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1.1 Introduction

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

Rainwater harvesting (RWH) systems most often utilize the roof of a house or building for
collecting rainwater. While it is possible to collect rainwater from other surfaces, such as lawns

or parking lots, these catchments are mgrassed in this manual due to concerns surrounding

the quality of rainwater collected from these surfaces. Consequently, this chapter focuses
exclusively upon the collection of runoff fro

Once rainwater has beemwllected from the catchment surface, it must be conveyed to the
storage tank by means of a 6conveyance netwo
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 typically comprised of three main components: external gutters (also referred to as
beavestroughsado), downs pout Figure &BI).d Otleer means afg e p i
conveying rainwater, such as Orain |l eadersbod
available, however, these shall not be directly addressed.

2

o 4

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 beyguite minimal, as is the case for most
above ground storage tanks located a short distance from the catchment surface. For below
ground tanks and tanks integrated within buildings, these networks can be much more extensive
and complex. This chaptergsides guidance on the issues to consider when selecting the
catchment surface, and how to design and 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, Standads, 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
Alberta Building Code 1 Division B, Appendix G TableG2. Design Data for Selected Location
(2006)

Provides rainfall values, which are used for sizing rainwater conveyance
drainagepipes as per Articles 2.4.10.4. and 2.4.10.9. of the National
PlumbingCode

National Plumbing Code 2.2.5.10.Plastic Pipe, Fittings and Solvent Cement Used Undergrou
?zfocé)a;)]ada 2.2.5.12. Plastic Pipe, Fittings and Solvent Cement Used in Building

2.3.4.5. Support for Horizontal Piping

2.3.4.6 Support for Underground Horizontal Piping
2.3.5.1 Backfill of Pipe Trench

2.3.5.4. Protection from Frost

2.4.7. Cleanouts

2.4.10.4. Hydraulic Loads from Roofs or Paved Surfaces

2.4.10.9. Hydraulic Loads on Storm or Combined Building Drains or
Sewers

= =4 =4 =844

Articles 2.2.5.10. and 2.2.5.12. specify approved pipe materials used
undergrownd and inside buildingsThe NPC also providpsovisions for the
support and protectiorof piping

Subsection 2.4.7. provides provisions on the size and spacing of cleanc
manholes, and location of cleanouts.

Articles 2.4.10.4. and 2.4.10.9. sggd¢he method for sizing conveyance
drainagepipes, based upodesignrainfallintensity values(15 Min Rainfall,
mm) obtained from Table @ from the Alberta Building Code (2006), the
roof catchment area, and the slope of conveyadcainagepiping.

CSA Standard B128.1 {10 Separation

(2006) {1 12.3 Buried pipgmarkings)

Provides specifications for the installation of conveyaticgnagepiping for
underground and above ground applications.
NSF Protocol P151 Selection of roofing materialspatings, paints, and gutters with NSF P15!
(1995) certification will not impart levels of contaminants greater than those
ALISOATASR Ay GKS ! ®d{d 9t! Q&4 5NRY
where high quality rainwater is needed for the intended use.

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 ' I height = Zmm = 0.001m
1

, !
r’ _____________________ 1// I/I
1 I 7’ )
! LA length = 1m
! Vv

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.
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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 theteristweage

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, some 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 céechedc

and utilized 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 Ire tconveyance network. These losses for
various roof catchment materials are listed able1-2.

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

. 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
AsphaltBuilt-up Flat Roof 15 20.0
Hypalon (Rubber) Flat Roc 15 20.0

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

% Building Capacity for Rainwater Harvesting in Orita Rainwater Quality and Performance of RWH Systems.
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 atmosplkieposition, or from
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 discukssegreater detail i€hapter 3 Rainwater Quality

& Treatment Dissolved particulate matter and chemicals are gkiyewaly 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, Standds, and Guidelinefor details).

Rainwater Conveyance

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

1. ROOF CATCHMENT

o
o
T

ﬁ 3. DOWNSPOUT
4. DOWNSPOUT TO
e PIPE TRANSITION

2. GUTTER

5. CONVEYANCE

DRAINAGE PIPING 7. OVERFLOW

DRAINAGE
PIPING

. 

\
6. RAINWATER STORAGE TANK

Figure 1-3. Schematic of a typical conveyance network for a beloround rainwater storage tank
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When designing and installing a conveyance network, a nuofbesues must be considered,
including:

Sizing and placement of conveyance network

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

Rainwater quality

PwpnPE

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 draifiaget h u mb &
pipes must be sized in accordance with the applicable provincial codes and regulations, (refer to
Sectionl.2 Applicable Codes, Standds, and Guidelinefor details).

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 sectiwribe 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.tdRefapter 2
Rainwater Storage & Tank Sizifigr 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 workodés component s. Gutters and downspouts
galvanized steel, and both are considered suitable for us&kWith 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 fsewer 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@/6y 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 ndrained 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 wWiziehawgreen

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, Standds, and Guidelinefor the 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 réocatchments 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 gorage 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 sua@ad gutter 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 drainingarthe 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 Ernban 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 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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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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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 © Totorand 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 sandards, codes and guideties for rainwater storage tanks

Applicable Codes,

Selected Provisions &

Standards, and Design and Installation Implications

Guidelines

Alberta Occupational 1 Part 5 Confined Spaces

Health & Safety Code

(2009) Where entry into aainwater tank is needed to install components,
precautions outlined in Alberta OHS Code 2009 Part 5 Confined Space
be followed.

Alberta Private Sewage 9§ 2.5.2.7. Piping Connections to Tank

Systems Standard of 1 4.2.1.3.Infiltration/Exfiltration Prevention

Practice 1 4.2.1.4. Insulation of Tank

(2009) f 4.2.2.1. Separation Distances

1 4.2.2.3. Septic Tank Manhole Access Not Buried

1

1

1

4.2.2.4 Access Opening Lid/Cover
4.2.2.6. Insulation of Tank
4.2.2.7. Base for Septic Tank

Article 2.5.2.7. pvides specifications for the connection of piping to tank
Other aspects of septic tank design, including: minimum clearances of t
from wells, property lines, etcandproper installation and insulation for
frost protection (Articles 4.2.1.4. and 4226.). Other Articlepertain to
access manholes and tank bedding.

Note: These specifications refer to septic tanks, but provide guidance or

design and installation requirements for rainwater storage tanks. Their t

is recommended.
CSA StandarB128.1 1 7.0 Storage Tanks

(2006)
Provides specifications for the design and installation of rainwater stora
tanks, including: access openings, piping connections, overflow, draina
and venting.

NSF/ANSI Standard 61 Selection of a plastic tankith NSF/ANSI Standard 61 certification is will 1

(2008) impart unsafe levels of contaminants in drinking water. Recommended

where high quality rainwater is needed for the intended use.

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
__________ 1 ¢ SUPPLY CONDUIT
= ) /
| 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
S.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 & Conveyancas
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, accessibility, and space availability

Proximity to the following:

Catchment area,

Overflow discharge location,

Control compoents 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 optimunank 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 theAlberta Guidelines for Residential Ramater 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 city of Edmonton, given a
varietyof roof catchment areas and rainwater demands. This table is providlpgandix B

Note that when selecting a tank size, consideration mugiviea to 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 Pessurized Distribution Systefor information 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. Rainwater stored outdoors or in an environment not temperature controlled (maintained
above 0°C) is at risk of freezing, either in the stertank itself, in the pump pressure piping, or
both. Water freezing in either location may cause short term blockages and service disruptions,
or in the long term, the RHW system may become damaged through the expansion of ice in the
system. To minimizéhese risks, the following options are available:

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

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

a. Located in a temperatwmntrolled envionment 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 a belovground tank that is buried below the local frost penetration
depth.

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

Tank Material

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

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

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

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

rainwater; however, this is primarily a concern if rainwater must be of very high quality 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 and/or as part
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. Theunused ol ume (typically referred to a:
selecting tank size. If unknown, assume 20% df tapacity will be
dead space,

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

a. Placement (abover belowground, or integrated storage);

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 standards).

3. Determine thdocation 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 & Conveyarfoe
details),

2. Proper drainage of makg water thragh topup 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 ground 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, phone, or cable
lines),

2. Ensue 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. Consult the excavationtcactor 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 timated burial depth of therii),

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 located:

1. Ensure the location is permitted by applicaimevincial 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 and maintenance.

ii. Tank freeze protection:

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

d. For rainwater storage tanks located 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 sufficiesgace for the required stme
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 sump pump) are in
place to handle potential leaks and oleevs 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 freezing protection:
1. Locate the tank in a temperattgentolled 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 decommissioning must be
performed in accordance with the guidel 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 a heating 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 temperatures, the rainwater stored in
therainwater tank must be dread,
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 providedithh 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 shall have dgmof, noncorrosive covers;
d. Openings thaare 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 rainwateweyance 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 venting by means of conveyance
drainage piping and overflodrainage 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 sizgopgymit 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 birds, rodents and insects.

b. For rainwater storage tanks located indoord@midtegrated 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 storage tanks:

a. Below ground tanks shall be placed in a properly excawgtade, 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 accordance with
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), overflow drainage pipe(s),
rainwater pressure pipe(s) and electrical caisluio 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 typically include:
i. A pump or pump intake (refer ©hapter 5 Pump and Pessurized
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 rainwatestorage 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 with Part 5 Confined Spaces of the Alberta Occupational Health &
Safey Code due to the significant dangers 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 tadq or

ii. Have RWH components installed by tank manufacturer, using pexison
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 duite 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 watekeup system 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 saunding 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;aherio
(height) of the pump intake 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
storageteatment devices may need to be installed (or cleaned/maintained)
to improve rainwater quality (refer hapter 3 Rainwater Quality &
Treatmenfor details),

lii. In some cases, it may be necessary to remove the accumulated sediment
on the bottom of the tank. Place a pump capable of handlingdabyes
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 tank cleaning is not generally recommended on an annual basis, as
this can desofriolymbe&niefitchal t dbk. Th
contribute to improved stored rainwater qud)ity

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

i. Refer toChapter 4 Makeup Water System and Backflow Prevenaod
Chapter 5 Pump and Pessurized Distribution Systefior maintenance
details.

d. While inspecting, cleaning, or repaig 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.e., outdoor 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 directly inside the rainwater tank, and/or

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

8 Key Messages from a Decade o Quality Research into Roof Collected Rainwater Supplies. 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 insulationon the rainwater tank, around pipes, valves and/or pump.
b. Decommissioning:
i. Drain all of the rainwater stored in the tank and the rainwater pressure

piping,

ii. Shut off the water supply to the water makesystem (if present) to
prevent the tank from refilig,

iii. Disconnect electrical supply to the pump and control equipment,

iv. Disconnect downspouts from the conveyance network and have them
discharge to grade or other suitable location, and

v. Disconnect fixtures from rainwater supply and connect to the potable
water system.
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3.1 Introduction

As precipitation falling from the sky, rainwater is naturally of very high quality. Once this
precipitation reaches the earth, however, rainwater comes into contact with a variety of surfaces

T grasses and landscapes, bodies of water, and anthropogenic surfaces such as roofs and parking
lotsi that can impart contaminants to the rainwater runoff. Contaminants can also be introduced
into rainwater from environmental conditions such as theepoesof air pollutants from industry

and major roadways, and from plants or animal activity.

Poststorage Catchment
Treatment Surface

Rainwater
Quality

Rainwater
Storage
Tank

Prestorage
Treatment

Figure 3-1. Factors that can affect rainwater quality

The presence of these contaminants can affect the physieanical and/or biological properties

of water, and if present in sufficient quantities, they can affect the aesthetic quality of water (its
colour, taste, and odour) and/or produce negative human health impacts from its use. For these
reasons, rainwat quality (a measure of its physical, chemical and biological characteristics) is
one of the key factors that determine its suitability for a particular use.

This chapter discusses the factors that can affect rainwater quality and provides suggestions

how these risk factors can be mitigated through the appropriate design and installation of
rainwater harvesting systems and through the application of rainwater treatment.
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3.2 Applicable Codes, Standards, and Guidelines

Table3-1 references specific codes and standards that are applicable to the quality of harvested
rainwater and required treatment.

Table 3-1. Applicable standards, codes and guidelines for rainwater quality and treatment

Applicable Codes,

Selected Provisions &

SIEIEElES, Gl Design and Installation Implications

Guidelines
N/A No rainwater and/or nofpotable water quality standards or treatment
requirements are specified by the ABC (2006 ed.) or NPC (2005 ed.).
Canadian Guidelines for Sets out water quality guidelinesater qualitytesting protocolsand

Domestic Reclaimed management framewaorks for domestic reclaimed water use in toilets.
Water for Use in Toilet

and Urinal Flushing Note:No quality standard has been set in Albefdarainwater use Ary
(Draft, 2007) system supplying rainwater to a use that has potential direct contact an

serves other than a single famdyvelling should meet a quality as set out
this draft guideline.
CSA Standard B128.1  § 8.0 Treatment

(2006)
Specifies that water supplied by a RWH system must be treated to mee
water quality standards specified by public health or other regulatory
authorities.

NSF Protocol P151 Selection of roofing materials, coatings, paints, and gutters with NSF P

(1995) certification will not impart levels of contaminants greater than those
ALISOATASR Ay GKS ! d{d 9t! QF 5 NRY
where high quality rainwater is needed for the intended use.
Note:Not legally binding unless adopted in future editions of the ABC or
NPC.

NSF/ANSI Standard 61 Selection of a plastic tank with NSF/ANSI Standard 61 certification is wi

(2008) impart unsafe levels of contaminants in drinking water. Recommended

where high quality rainwater is needed for the intended use.

Note:Not legally binding unless adopted in future editions of the ABC or
NPC.

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

Rainwater Quality & Treatment Guidelines

There are currently no water quality guidelines that pertain specifically to the use of rainwater,
either nationally or in the Province of Alberta. Tanadian Guidelines for Domestic
Reclaimed Water for Use in Toilet and Urinal Flushifdraft, 2007) are not intended for
rainwater use, but should be applied for mrégsidential or commercial systems where there is

the potential for direct contact. For sindgéamily dwellings, the quédy of rainwater and the

need for treatment must be evaluated in the context of connected fixtures. Connected fixtures
where there is minimal contact with the rainwater do not require the same quality of water as
applications where users come into direchtact with the water. Treatment needs should be
determined on a case by case basis by local building or health authorities, considering the
recommendations of designers and preferences of end users.

Factors Affecting Rainwater Quality

Catchment &face

Contaminants can be imparted to runoff from the catchment surface in two ways, either by
washing off contaminants that have collected on the surface between rainfall events, or through
the leaching of chemicals and/or metals from the catchmentiatate

Storage Material

Like the catchment surface, chemicals and/or metals can leach from the rainwater storage tank
material(s) or from the various components located in the tank. The rainwater storage tank can
also have beneficial impacts on rainwageslity by providing a reservoir where suspended dirt

and debris can settle to the bottom of the tank.

Environment

Environmental conditions are largely out of the hands of the designer and/or user of rainwater
harvesting systems. Environmental sourgesontamination include anthropogenic sources of

air pollution like industry and major roadways. Natural sources of contamination include nearby
trees and plants (which deposit leaves, pollen, etc.) and the activity of animals (birds, squirrels
which desit waste, etc.) on the catchment surface.
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Rainwater Overflows

Contaminants can also be introduced into the rainwater storage tank through the everflow
handling method utilized by the rainwater harvesting system Gespter 6 Overflow
Provisions & Stormwater Managemefar details). If overflows are directed to a municipal
storm sewer or an esite soakaway pit, there is the potential during intense rainfall events for
these systems to backflow into the tank, contaminating it with poor quality water. These
overflow-handling systemmust be designed properly, and preventative measures put in place, to
minimize the possibility of storage tank contamination.

Treatment Options

Treatment can be applied to improve rainwater quality and can take place:

1. Before it is stored in the rainwater storage tank-gwoeage treatment), and/or
2. After it is stored in the rainwater storage tank (gsistage treatment)

Prestorage treatment devices must be incorporated as part of the conveyance network and rely
on gavity flow to facilitate the treatment process. Alternatively, {sdstage treatment devices

tend to be more rigorous than f®rage treatment and often require pressurized flow and/or
electricity to aid in the treatment process. The advantagesisadvdntages associated with
these treatment approaches are summarizédhie3-2.

Table 3-2. Comparison of advantags and disadvantages associated with Rrand Poststorage treatment

Treatment Advantages Disadvantages
Location
Pre-storage 1 Simple in design; operates using  Susceptible to freezing

treatment gravity flow (no electricity or high  § Requires regular cleaning and
pressure requirements) maintenance. Poorhmnaintained

1 Prevents large particles from devices mayrevent rainwater from
accumulating in the storage tank being conveyed to tank or may

1 Reduces requirements for post permit untreated rainwater to enter

storage treatment devices (or car the tank

preclude their use altogether) 1 Multiple collection points may
require a number of localized pre
treatment devices, increasing cost

Poststorage 1 Very high quality of water can be { May require maintenance and
treatment achieved replacement of filters, chemicaler
9 Located inside building, so no other materials
freezing risks 1 End quality depends on incoming
1 Can be used to treat more rainwater quality and maintenance ¢
complex quality issues (i.e., pine pre-storage treatment devices
needles in tank that create tannic { Generally more expensive than pre
acids) storage treatment
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Prestorage Treatment Devices

Although there are a variety of means of treatimigwater prior to storage, methods tend to use
one ofthreetechniques: firstlush diversion, filtrationor settling

First flush diversion involves diverting the first portion of runoff (collected from the catchment
surface) away from the storatgnk. One of the many means by which this diversion can take
place is depicted ifigure3-2. This technique improves stored rainwater quality by preventing
the enty of the dirt and debris that collect on the catchment surface between rainfalliethents
majority of which are contained in the first portion of runoff (fitssh).

RAINWATER FROM ROOF
\L CATCHMENT

i —— FIRSFLUSH
CHAMBER
TREATED
RAINWATER TK
TANK
- FIRSFLUSH
EFFLUENT
> FROM SLOW DRIP
J EMITTER

Figure 3-2. Schematic indicatingthe operation of afirst-flush diverter

The second method, filtration, involves screening out leaveslamge debris from runoff,

preventing their entry into the rainwater storage tank. Filtration can take place at or near the
catchment surface in the form of screens pl ac
screens placed over rain leadersfian roofed buildings (common on commercial buildings).

Filtration can also take place on downspouts, or be integrated into other parts of the conveyance
network. Examples of commercial filtration devices are showgare3-3.
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Figure 3-3: Pre-storage filtration options: [LEFT] Leaf Eater®, [CENTRE] Alu -Rex Fixa-Tech®, [RIGHT]

3P VF1 Filter®101!

Anotherpre-storage treatment method is a settling chamber within a rainwater storage tank, or a
dedicated settling tank. Rainwater from the roof catchment is first conveyed to the settling tank

or settling chamber, where the dirt and debris suspended in tlveataincan settle out and
collect as sedi ment at the bottom

of t he

conveyed to the rainwater storage tank, or storage chamber of the tank. -cAmpartment

rainwater storage tank with a settlingamber is depicted iRigure3-4.

| e —
) . r w1 i,
L
—| L g HIGH WATER —
E O LEVEL HI
il
ul
g STORAGE SETTLING
— - CHAMBER CHAMBER
»
I ) LOW WATER
XO [ LEVEL
Ly J".
d

U-;“z :

SRR e, T i i e R T T i

Figure 3-4. Rainwater storage tank with integrated settling and storage chambet$

° Image of Leaf Eater ® © Rain Harvesting Pty Ltd, Brisbane, Auatrali
%Image of AluRex FixaTech® © Alu-Rex Inc., Charny, QB.
" mage of 3P VF1 Filter © 3P Technik Filtersysteme GmbH, Donzdorf, Germany.

ol L

21mage of tank with settling chamb@rToronto and Region Conservation Authority, Toronto, ON.
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Poststorage Treatment Devices

Poststorage treatment includes filtration, disinfection, and/or treatment for aesthetic issues like
colour, taste, or odour. Like pstorage treatment, there are a number of different treatment
devices available to perform these tasks. A descriptichesfe techniques, their applications

and a list of available devices/options are providedable 3-3. A common form of post
storage treatment is 5 micron partitileration, followed by and ultraviolet (UV) disinfection.

Treatment Method

Table 3-3. Summary of poststorage treatment options

Treatment Devices/Options

Available

Filtration Filtration removesuspended particles § Particle filtration (i.e., bag/sock o
from water by passing it through a cartridge filter)
permeable material. 1 Slow sand filtration

I Membrane filtration
Water quality issues targeted:
1 Turbidity
9 Total suspended solids

Disinfectiorf Disinfection removes or inactivates  § Ultraviolet (UV)
microorganisms by chemical or 9 Chlorine
physical means. 1 Ozonation

1 Slow sand filter
Water quality issues targeted: 1 Membrane filtration
f Thermal treatment
1 Microbiological contaminants
(viruses, bacteria and protozoa)

Aesthetic issue Aesthetic issue treatment removes 9§ Activated carbon

treatment constituents from water that 1 Ozonation
contribute towards colour, taste, or  q  Slow sand filter
odour issues. 1 Reverse Osmosis

I Membrane filtration with
Water quality issues targeted: chemical addition
1 Hydrogen sulphide
1 Organic matter
1 Manganese
T Iron

! Other treatment options may be available.
2 All methods will require some level of éine monitoring to ensure disinfection is reaching appropriate

levels.
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Treatment Device Selection

When determining the treatment device(s) required for a rainwater harvesting system, the
following questions shdd be considered:

1. What quality requirements do applicable provincial, territorial and/or national codes and
regulations specify for the uses under consideration?

2. What applications will the rainwater be used for?

3. Can the rainwater harvesting system susplfficient quantities of rainwater to meet the
desired uses?

4. Can treatment requirements be achieved through the proper design, installation and
maintenance of the rainwater harvesting system?

5. What are the personal preferences of those using the rainwettérase who are
managing the rainwater harvesting system?

6. What treatment devices are locally available?

7. Are there methods of segregating the rainwater usage in the house or building (i.e.,
supplying rainwater of varying qualities to different fixtures)?

8. What is the waste stream that is going to be generated through treatment? How will it be
disposed?

9. What are the capital, operations and maintenance costs associated with the treatment
device(s)?

10.Who will be responsible for the management of the raiemtarvesting system, and
treatment system specifically? (i.e., who will ensure that maintenance is performed,
provide training to maintenance personnel, and pay for the replacement of filters or other
components?)

Recommendations on how to address tlhgmstions and select the method of treatment are
provided inSection3.4 Design & Installation Guidelines

Performance Issues with Treatment Devices

Losses

Like the roof catchment, pigtorage treatment devices typically reduce the collection efficiency

of a rainwater harvesting system. Thésgses can be quantified using the same measures as
were used for the catchment surfacan initial rainfall loss factor and a continuous loss factor.

If a prestorage treatment device is to be incorporated into a rainwater harvesting system, these
losses should be considered in addition to catchment surface losses when sizing the storage tank
(refer toChapter 2 Rainwater Storage & Tank Sizirigr details). In general, initial losses are
higher for firstflush devices than for filtration devices, while continuous losses are higher for
filtration devices than for firslush devices. Exact losses depend on system design and can be
supplied byte manufacturer or supplier.
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Collection efficiency losses are not typically found with pstsrage treatment devices, although

some are associated with a loss in system pressure. These losses, however, are small and can be
considered when selectingetipump for the pressure system, or often, ignored altogether (for
further details refer t€hapter 5Pump and Pessurized Distribution Systgm

Cold Weather Issues

Cold weather issues can develop with-pi@age treatment devices since these are often
integrated with the outdoor parts of thengeyance network. For example, if ice accumulates in

the prestorage treatment device, it may prevent the flow of snowmelt from the catchment
surface during freezihaw periods. This ice buidp could eventually damage the {treatment

device itself,or damage parts of the conveyance network. Because of these issues, the selection
and proper maintenance of a {sterage treatment device appropriate for a cold weather climate

is necessary to ensure the optimal performance of the RWH system duringtdrenonths.
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3.4 Design & Installation Guidelines

Design and installation guidelines:
Note: refer toSection3.2 Applicable Codes, Standards, and Guideliftethe specific provisions
that apply when the term Ain accordance with a
used.

1. Identify factors that impact the quality of rainwater in thewater harvesting system,
and can be mitigated through proper design and installatio &xe3-4).

Table 3-4. Factors affecting rainwater quality and recommendations for mitigating rainwater contamination
through design and installation best practices

Component of RWH

Risk Factors Design & Installation Best Practice
System
Catchment surface 1. Overhanging tree branchesxd 1. Trim overhaging tree branches
animal activity 2. Collect runoff from surfaces witl
2. Leaching of chemicals and/or NSF Protocol P151 certification
metals from catchment materia 3. Direct drier and kitchen cooktop
3. Grease and lint on catchment vents undemgutters
surface from kitchen cooktop 4. Do not collect runoff from
vent and drier vent, respectivel sections of catchment area at
4. Proximity to sources of air risk for poor quality

pollution (industry, major
roadways, etc.)

Conveyance network 1. Entry ofpotentially poor quality 1. Ensure underground pipe
groundwater/surface water connections and fittings are
from poorly sealed joins secure

2. Entry of animals, rodents 2. Utilize downspouto-PVC pipe
and/or insects from poorly adapters
sealed joints
Rainwaterstorage 1. Sediment settled on bottom of 1. Locate pump intake a suitable
tank tank distance above tank floor
2. Ingress of insects, rodents or 2. Ensure tank hatch is properly
debris covered and vents have screen
3. Algae growth in tank 3. Prevent entry of direct sunlight
4. Leaching of chemicals and/or into tank

metals from tank material or 4. Store rainwater in tank with
components located inside tan! NSF/ANSI Standard 61

certification
Overflow system 1. Backflow of storm sewage durir 1. Ensure overflow system is
extreme rainfall events (if adequately designed for intense
overflow is connected to rainfall events and utilize
stormsewer) backwater valven overflow

drainage piping
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2. Determine rainwater quality and treatment requirements:
a. Inthe Province of Albertaainwater may be used for:
i. Toilet and urinal flushing, and
ii. Subsurface irrigation.
b. Consult the applicable provincial codes and regulations to verify the fixtures for
which connection to rainwater is permitted;
c. Consult the applicable provincial codes aedulations and local authorities
regarding quality and treatment requirements for the permitted rainwater fixtures;
d. Treatment recommendations (provided for guidance purposes only):
I. For typical single family residential dwellings consult the
recommendationin Table3-5.

Table 3-5. Treatment recommendations for typical single family residential dwellings

Recommended Degree

of Treatment"

Toilet and urinal flushing 1 Treatment by prestorage treatment device in
addition to the adoption of best practices
outlined inTable3-4.

Subsurface irrigation system 1 Treatment by prestorage treatment device in
addition to the adoption of best practices
outlined inTable3-4.

1 Treatment by posstorage filtration device(s)
as required by irrigation system
manufacturer/contractor.

Note: Recommendations only. Consult applicaistevincialcodesand regulations awell as
localauthorities regarding permittedixtures, quality targetand required treatment devices.

RainwaterFixtures

ii. For buildings other than a single family dwelling, the quality and
treatment requirements shall be in accordance with the latest edition of the
Canadan Guidelines for Domestic Reclaimed Water for Use in Toilet and
Urinal Flushing
3. Select and install prstorage treatment devices:

a. Prestorage treatment devices must be sized to handle the peak runoff from the
catchment surface (refer ectionl.4 Design & Installation Guidelinefor
furtherdetails regaraig design rainfall intensity);

b. Filter frost protection:

i. Locate the treatment device in a temperatumetrolled environment

(maintained above 0°C), or

ii. Locate the treatment device below the frost penetration depth, or where
burial below therost penetration depth is not possible, locate the device
below ground with appropriate insulation (referjmpendix Aor details),
or

iii. Decommissin/disconnect the treatment device from the conveyance
network and drain the device prior to the onset of cold weather (refer to
Section2.4 Design & Installation Guidelinefor details).
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c. Firstflush diverters:
i. Size the firstflush chamber based on the desired amount of runoff (typical

diversion heht is 0.51.5 mm) to divert from the storage tank, using the
following formulas:

r om>ryY=ad BJ. 0'QL Qi OB & 6 O W O 'Qad
Equation 3-1

T OQUQI WeEEEGQp ITIT
oPpT 0 QAOMOHE Q6 @1
Equation 3-2

Tm I’ o ¥ l+o{gs

ii. Estimate the collection losses:

1. Initial lossfactori Equal to the Diversion height (mm),

2. Continuous loss factar Depends on the rate of flow through the
slow drip emitter. A 5% continuous loss can be assumed, or the
continuous loss can be directly measured during a rainfall event.

d. Settling tank ol settling chamber:
i. Size the settling tank or settling chamber based on the temporary storage
of a prescribed volume of runoff,

1. Where the prescribed volume can be based on rainwater height
(i.e., 5 mm of rainy’, as given by:

Enodg YOO O DQW®H G 6 OW@OQED Qdd
Equation 3-3

2. Where the prescribed volume can be based on a percentage of the
capacity of the rainwater storage tank (i.etfls\g chambers
within two-compartment tanks typically have 1/3 the capacity of
the storage chamber)
e. Prestorage treatment filtration devices:
i. The following components may be included as part of the filtering system:
1. High quality gutter guards, availadf®em gutter contractors,
2. Leaf screens placed on the downspout, available from gutter
contractors, and/or
3. Commercially supplied rainwater filter installedline with
conveyance drainage pipe or inside tank.
ii. Estimate the collection losses:
1. Initial loss factori Reported by the supplier, or can be assumed to
be negligible (amm),
2. Continuous loss factdr Reported by the supplier, or can be
conservatively estimated at 20%.

13 Adapted from Perfanance Evaluation of a Rainwater Harvesting System. Interim report 2008. Toronto and
Region Conservation Authority, Toronto, ON
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f. Prestorage treatment devices shall be installed in accordance with applicable
provincial codes and standardshn d manuf act urer 6s instruct
g. Prestorage treatment devices shall be installed such that they are readily
accessible. Access openings to facilitate entry into the device and/or tank shall be
in accordance with the guidelinesSection2.4 Design & Installation Guidelines
4. When selecting and installing pestbrage treatment device(s):
a. Prestorage treatment device(s) should also be utili@aedinimize wear on post
storage treatment deviges
Poststoragereatment device(s) must be sized in accordance with the maximum
flow rate of the pressure system and ma
c. Poststorage treatment devices shall be installed in accordance with applicable

=

provincial codes and standamsd manufacteer 6 s i nstructi ons;
d. Poststorage treatment devices shall be installed sattihey are readily
accessible.
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3.5 Management Guidelines

1. Identify the factors that can impact the quality of rainwater in the RWH system, and take
steps to mitigate the risks g&d by these factors by implementing the following
maintenance activities:

a. Consult the maintenance best practices providdchbie 3-6.

Table 3-6. Factors affecting rainwater quality and recommendations for mitigating rainwater contamination
through maintenance best practice¥

Component of RWH . Maintenance
Risk Factors .
System Best Practices
Catchment surface 1. Proximityto sources of air At least once every 6 months:
pollution (industry, major 91 Inspect catchment surface for

roadways, etc.)
Overhanging tree branches
3. Animal activity
4. Leaching of chemicals and/or
metals from catchment material
Conveyance network 1. Entry of potentially poor quality At least once every 6 months:
groundwater/surface water from q
poorly sealed joins
2. Entry of animals, rodents and/or
insects from poorly sealgdins

sources of contamination
(accumuated debris, leaves, pine
needles, etc.) and clearea

Trim overhanging tree branches

n

Inspectguttersfor sources of
contamination (accumulated
debris, leaves, pine needles, etc.
and clean gutters as required
91 Inspect area(s) where downspoui
connect to conveyance network t
ensure fittings are secure
1 Inspect prestorage treatment
device(s) connected with
conveyance network and clean
devices as required
Rainwater storage tank 1. Leaching of chemicals and/or At least once annually:
metals from rainwater tank q
storage material
2. Leaching of chemicals and/or
metals from componentiocated
within rainwater tank q
3. Pump intake located at bottom o
tank where it can draw in
sediment

Inspect components inside tank
for signs of corrosion and/or
degradation and replace
components as necessary
Monitor rainwater qualiy at
point-of-use for indication of
sediment accumulation in tank.

b. Consider other site specific risk factor(s) and adapt the maintenance of the RWH
system as appropriate to mitigate the risks posed to rainwater quality.

14 Adapted from CSAB128.1:06/B128.206. Design and installation of nepotablewater systems/Maintenance and
field testing of no-potable water system2006. CSA International, Toronto, ON.
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2. Prestorage treatment device@)ould be inspected at least twice per year, or more
frequently as required by manufacturerés i
a. Observe rainwater passing through the device(s) during a rainfall event, or

simulate a rainfall event by discharging water fraimose onto the catchment
surface. Look for potential problems such as:

i. Accumulated dirt and debris blocking flow through filter,
ii. Loose fittings or other problems with the treatment device(s) such that
rainwater is passing through without treatment takilage, or
iii. Other problems with the treatment device(s).

b. Cl ean the filtration device(s) accordin
instructions, repair as required.

If pre-storage treatment devices need to be decommissioned during the winter:
a. Drain all ofthe rainwater accumulated in the treatment device;
b. Disconnect the treatment device(s) from the conveyance network; and/or
c. Install pipe, downspout or other material to bypass theto@age treatment
device(s) and direct untreated water to the tank.
4. Poststorage treatment device(s) should be inspected at least quarterly, or more frequently
depending upon manufacturerdés instructions
a. Observe the device(s) as water flows through the pressure system, looking for
problems such as:
i. Waterleaking from treatment device(s),
ii. Warning/indicator lights on treatment device(s) indicating fault with
device and/or required replacement of components.
b. Maintain poststorage treatment devices as necessary through the regular cleaning
of filtration devicgs) and/or replacement of filter media, lamps, or other
components as specified by the product manufacturer(s).
5. While inspecting, cleaning, or repairing the{sterage treatment and/or pasbrage

treatment device(s) or other component of the rainvateresting system follow all
necessary safety precautions.

3.
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4.1 Introduction

Regardless of the size of the rainwater storage tank or size of the catchment area, there will
occasionally be times when thereansufficient rainfall to meet the demands placed on the RWH

system, and the storage tank will run dry. RWH systems need to have a system in place to
recognize when there is insufficient rainwater and perform an action such as triggering a warning
lightors wi t ching to an alternative supply of wate
UupoO O Fu pfidb ascykst e m.

The primary concern with a makg system is that it requires water of high quality (from a
municipality orprivate water sourddo be braight into close proximity with rainwater, typically

of poorer quality. In such situations, there is a risk of a etossection. If a connection is

made between the RWH system and a municipal water system, there is a risk that the rainwater
can be drawmto the potable water system through the process of backflow.

Given these concerns surrounding crogsnections and backflow, care must be taken when

implementing and managing a makge water system. This chapter provides an overview of the

variouscomponents that comprise a make system and gives guidance on how to assess and
then mitigate the risks associated with crogsnection and backflow.

Note: Proper design, installation and management must also be extended to the entire rainwater

pressire system, since a cressnnection can potentially exist at any point in the system. Refer
to Chapter 5Pump and Pessurized Distribution Systéior further details.
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4.2 Applicable Codes, Standards, and Guidelines

Table4-1 references specific codes and standards that are applicable taumaleger systems
and backflow prevention.

Table 4-1. Applicable standards,codes and guidelines for makeip water systems and backflow prevention

Applicable Codes,

Standards, and
Guidelines

Selected Provisions &
Design and Installation Implications

National Plumbing Code { 2.2.10.15. Water Hammer Arresters

of Canada 1 2.6.1.11. Thermal Expansion

(2005) f 2.6.2.1.(3) Connection of Systems
1 2.6.2.6. Premise Isolation
1 2.6.2.9. Air Gap
T 2.7.1.1. Not Permitted
Article 2.7.1.1. specifies thatRWH systenfnon-potable water system)
shall not be connected to a potable water system. The potable water
system shall be protected by means of an air gap (2.6.2.9.) feupop
systems, and requires th&WH system be installed with backflow
prevention devices asutlined by the National Plumbing Code (Sentence
2.6.2.1.(3) and Article 2.6.2.6.) and CAN/BBA.10. When backflow
prevention devices are installed, thermal expansion tanks must also be
installed as per Article 2.6.1.1When a solenoid valve is indtd for a top
up system, a water hammer arrester may be required in accordance Art
2.2.10.15.

CAN/CS/standard 1 Appendix B, Table B1

B64.10 1 4.3.4.2 Premise isolation

(2001)

Specifies that where a potential connection exists betweenRi¢H system
(non-potable water system) and potable water system, it must be protec
by means of an air gap or reduced pressure (RP) backflow prevention
device. Buildings withRWH systenfrated as a severe hazard
classification) must have premise isolation by meaf a reduced pressure
(RP) backflow preventer.

Note: CSA B64.10 permits cross connections where adequate backflow
preventionis providedhowever, Article 2.7.1.1. of the NPC prohibits suct
connectionsin cases of conflict with a referenced documém NPC
provision governs.

Canadian Electrical Code¢ All electrical equipment must b@pproved and

(Current ed.)

installed to according to the requirements of the
current edition Canadian Electrical Code

I:l Mandatory Documents I:l Supplementary Documents
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Applicable Codes,

Standards, and

Selected Provisions &
Design and Installation Implications

Guidelines
CSAStandardB128.1
(2006)

1 6.0 Backflow prevention
 11.2 Crossonnection testing

Specifies that backflow prevention devices shall comply GAN/CSA
B64.10 and the National Plumbing Code or the applicable provincial or
territorial plumbing code. Section 11.2 provides guidelines for testing-ck
connections after installation.

CAN/CS/Standard
B64.10
(2007)

I Appendix B, Table B1
9 5.3.4 Premisesolation

Specifies thatd dual check valve (DuC) shall be used to isolate a residen
premise with access to an auxiliary water sugiye RWH system]f there
is no direct connectiobetween theauxiliary water supplgnd the potable

supply.

Nate: Not legally binding. NPC (2005 ed.) references CAN/CSA B64.10
ed.). The next edition of the NPC (2010) may reference the 2007 editio
B64.10.

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

Types of Make-up Water Systems

To ensure that rainwater demands are met during times when there is insufficient rainfall and the
tank runs dry, there are two general options available:

1. Top-upi The rainwater storage tank can be partially filled, either manually or
autornratically, with makeup supplies of water from municipal (potable), or private water
sources;

2. Bypassi The rainwater supply from the pressure system can beoffheither manually
or automatically, and water from municipal or private sources can beedirrbugh the
rainwater pressure piping.

Of these options, only tepp systems are permitted by the National Plumbing Code 2005. The
bypass method contravenes Subsect ipotable dater . 1,
system shall notbe coormé ed t o a pot &bAseuchythis ehaptersiocissésom. 0O
top-up based makap systems. The advantages and disadvantages associated with the manual
and automatic topip systems are discussedliable4-2.

Table 4-2. Advantages and disadvantages associated with tap methods

Water Makeup

Method Advantages Disadvantages
Manual top-up 1 Simplesimethod to design and May result in service interruptions
install due to reduced control (i.e., no water for flushing toilets) if
equipment requirements tank not toppedup prior to going dry
1 Lowest cost alternative 1 Requires homeowner to monitor

volume ofstored rainwater in tank
and topup preemptively if low

Automatic topup  Reduces the number of service  Improper design or installation of

interruptions by automatically control equipment may cause
filling tank prior to it running dry insufficient or excessive tepp
1 Makeup system operates withoui volumes to be dispensed by the
the need for monitoring or makeup system
intervention by thehomeowner  { Service interruption during power
failure

! Note: Improper design, installation and/or managemenabimakeup systems may result in risk of
crossconnection with the potable water supply.

! National Plumbing Code of Canada. 208&tional Research Council of Canada, Otta@#,
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For the majority of residential applications, it is recommended that the automatip top
selected as it minimizes service interruptions and is the least gnierothe homewner. An
automatic topup system is depicted iRigure 4-1 and the various components are described

below.

Solenoid valve (N/C)
on potable water

supply pipe
— 35
Air gap
. Top-up drainage
f Rainwater tank piping ~
Rigid
structure| i i
Electrical wire
Cable u
ties
Jet pump

Float switch (N/C)
< OFR> A
~-”" ¥ Float switch (N/O)
\ -

N Volume of top-up

Tether D g ’
point

-
Dead space <
Pump intake

A 4

Figure 4-1. Components of an automatic topup system
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Control Equipment

The control equipment used to construct a makevater system are listed Trable4-3.

Table 4-3. Control equipment for make-up water systems

Control Equipment

Description Devices/

Water level sensor

Options Available
A device inside the tank thai § Float switch
is used to sense the level of § Ultrasonic level sensor

water T Liquid level switch
Can control (turn on or off)
warning lights, solenoid (Float switch is typically used fo

valves and/or pumps, based residential applications).
on water level

Shutoff valve

A device thatis manually  § Types: ball valve, gate valve
opened (or closed) to permit

(or prevent) the flow of The shutoff valve(s) selected
water must be approved for handling
Integrated into the RWH water that is under pressure.
pressure system to manage

flow of water and isolate

components of the makep

system (i.e.solenoid valves

and backflow preventers)

Solenoid valve (automated
shut-off valve)

A valve that actuates (open 1 Come in a variety of

or closesputomatically configurations
when electricity is applied to
it The solenoid valves selected

Connected with water level must be approved for handling
sensor to activate makap  water that is under pressure.
water system

When selectig control equipment for the makgp system, the following issues must be

considered.

Sizing

All control equipment must be appropriately sized. Of particular concern feuptdpased

systems is the sizing of the top drainage piping. This pipe must be sized according to gravity

flow, not pressurized flow, to prevent water backing up the pilpeaddition, all valves and

backflow preventers must also be sized to be the same diameter as the diameter of the pipe(s) to
which they are connected.
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Electrical

Many of the makaup water system control components require an electrical supply tdepera
When designing the electrical system for the RWH system, the following must be taken into
consideration:

1. The operating voltage (120 or 240V) of the pump, solenoid valve and other relevant
components;

2. The power requirements (in Watts or Horsepowéthe pump, solenoid valve and other
relevant components;

3. Power rating for floaswitches and electrical wiring;

4. All equipment must be certified and installed in accordance with the current edition of the
Canadian Electrical Code

Many water level sensorsuch as float switches) must be rated to handle the power of the
device they are controlling. For instance, if a float switch controls a solenoid valve or pump, it
must be rated to handle the power needed to operate the valve or pump.

Operating Statef Float Switches and Solenoid Valves

Both float switches and solenoid valves act similar to a typical light switch (i.e., on or off, open

or closed) however, they differ in that these actions can take place either when power is supplied

or when the powesupply is disconnected. To differentiate between these two operating
conditions, the terms Anormally opend (N/ O) a
in Table4-4.

Table 4-4. Differences between Normally Closed and Normally Open float switches and solenoid valves

Control Equipment Normally Closed (NC) Normally Open (MO)
Permits power supply (turns thinc Permits power supply (turns thing
& Y) éwhen the switch is in the & y) éwhen the switch is in the

Float switch odowrg position (when there is ¢ dupé position (when the water
high water level in the tank) level is below the float switch)
When power is supplied, the valv When power is supplied, the valv
A& Agperd yaidl 0SS Aa klgsedt i S I

Solenoid valve the flow of water. Valve close the flow of water. Valve open
when power  supply is when power  supply is
discontinued. discontinued.

Float switches detect the level of rainwater in the tank and automatically trigger an action when
levels drop below or above a predetermined set point. This may include opening a valve,
activating a warning light or shutting off a pump. Float switchestrbe installed directly inside

the storage tank, with the electrical cord tied to a rigid material such as a pipe so that the float
can pivot up or down Figuedl).a fAtether pointo (r
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In a topup system, a N/C switch is used in conjunction with a N/C solenoid valve. When in the
down position, the float switch electrifies the solenoid valve, causing it to open ang tbp

tank with water from the potable water system. The volunmeakfeup water used is dependent

upon the fAtether | engt h drigwed4-1)twithelondef tetrert lengthsi t ¢ h
requiring greater makep volumesefore the use of rainwater resumes. The tether point sets the
height (liquid level) at which this process takes place, with higher tether points initiating this
process earlier (and | eaving more unuslkd rain
To maximize rainwater use, the tether length should be as short as possible and the tether point
should be as low as possible, while providing enough water for the pump.

This system theoretically provides dry run protection because the pump intakatex below

the low water level (down position of the switch). Dry running occurs when the pump attempts
to operate when there is insufficient rainwater in the tank and can cause the pump to overheat
and become damaged. However, if the float switchtrothimg the solenoid valve fails, or if
insufficient makeup water is available, dry running may still occur. A second float switch
(N/O) should be connected to the pump, and located below the N/C float switch, to shut off the
pump and ensure dry run pection in these cases. Similarly, a N/O switch should be used to
shut off the pump where a manual 4gp system is in place as there is the likelihood that the
storage tank will run dry before mak@ water is supplied.

Some pumps may have built inydun protection, however, this protection is not appropriate for
RWH systems if it is based on a timer and not water levels.

Cross-connections, Backflow Prevention and Premise Isolation

With RWH systems, the risk of cressnnection is highest at tmeakeup system, as it requires
that water from a potable water system be brought into close proximity witipaiahle
rainwater.

Acrossconnecti on i s de fpotengatconaestionfbetwegn agootdble svater o r
system and any source of palli on or ¢ & nemahadisredded). olfnadconnection is
made between the rainwater pressure piping and the potable water system, Backfiy

occur, if pressure in the rainwater pressure piping is too high and/or the pressure in the potable
watersystem is too low. Rainwater may unintentionally be drawn into the potable water supply
of the house or building, or drawn into the entire water supply system of a municipality and be
used to meet potable water applications.

Because of these risks, hab the individuals in the home or building, and the residents of the
municipality, backflow prevention measures are applied on two distinct levels:

16 CAN/CSA-B64.1007/B64.10.107. Selection and Installation of Backflow Preventers/Maintenance alid Fie

Testing of Backflow Preventers. 2007. CSA International, Toronto, ON.

"Backflow is defined as fia flowing backB@rndreversal of
07/B64.10.107. Selection and Installation of Backflow Preventers/Maintenamté-&eld Testing of Backflow

Preventers. 2007. CSA International, Toronto, ON.
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1. Zone protectioni Backflow prevention device is installed at the point of an actual €ross
connection t@rotect residents of the building from backflow; and

2. Premise isolationi Backflow prevention device is installed on the potable water piping
entering a building, in case zone protection fails or in case of a future unintentional or
clandestine crossonnetion. Serves to protect users of the municipal system from
backflow.

In the case of RWH systems, zone protection is required for the-upakgstem and premise
isolation is required for the building. Numerous devices exist to provide backflow prevention
The National Plumbing Code 2005 prohibits any direct connection between a potable and non
potable system and therefore an air gap is required for zone protection of -the sgptem.
Following CAN/CSAB64.1607, premise isolation may be provided bgwal check valve, if

there is no direct connection between the RWH system angdtadble watersystem. All
applicable provincial codes and regulations as well as municipal bylaws must be consulted to
determine what degree of backflow prevention is reglfrefer taSectiord.2 Applicable Codes,
Standards, and Guidelindsr details).

In addition to these backflow prevention measures, other requirements to reduce the potential for
crossconnections include the separation of potable andpatable pipes and the labelling of
nonpotable plumbing pipes (refer @hapter 5Pump and Pessurized Distribution Systefor

details).

Air Gap

The typical method of backflow prevention used for-tppsystems is the air gap. An air gap is
one of the simplest methods of preventing backflow, and involves a physical separation between
two sections of pipe that is open to the atmosphere (shokigure4-1 andFigure4-2).

Manual/Solenoid valve
l ;*---- Potable water supply

}Air gap

Must have the following:

1. Visible inside house or building

2. Located above flood level rim
(overflow) of rainwater storage tank

3. Min.25mm [1in.] in height or twice
the diameter of the water supply pipe

b Gravity flow to storage tank
through top-up drainage piping

Figure 4-2. Schematic drawing of a topup system with an air gap®

18 Adapted from National Plumbing Code of Canada. 2005. National Research Council of Canada, Ottawa, ON.
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This physical break prevents the backflow of water since even if rainwater backed up from the
tank to the gap, it would spill from the gap and not come into contact with the potable water
supply. The air gap must be located higher than the overflow deaiping from the tank and

the overflow drainage piping must remain free of blockage so that excess rainwater flows to the
overflow system and does not back up and overflow at the air gap.
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4.4 Design & Installation Guidelines

Design and installationuidelines:
Note: refer toSectiord.2 Applicable Codes, Standards, and Guideliftesthe specific provisions
that apply when the term Ain accordance with

1. Determine the type of make system:

a. Automatic topup systemrecommended);

b. Manual topup system;

c. No makeup system (not recommended).

2. Plan the layout of the tepp system:
a. A top-up system is generally comprised of the following:
i. Water level sensor(s) locatén the rainwater storage tank,

ii. A solenoid valve locatednthe potable water supply pipe,

li. An air gap,

iv. Top-up drainage piping conveying make water to the rainwater storage
tank and

v. Electrical conduit(s), containing wiring from the water level sensor(s) and
pump.

b. Determine the location dhe solenoid valve andir gap in accordance with the
guidelines provided below;

c. Plan route of tojup drainage piping from the air gap to the tank (refer to Section
1.4Design & Installation Guidelinefr guidelines and applicable provincial
codes and regulations regarding drainage piping);

d. Plan route of electrical cauit(s) from the location of the solenoid valve and
power supply to the tank (refer &ectionl.4 Design & Installation Guidelines
for piping installation guidelines);

e. Ensure that therare 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 toyp drainage piping and/or electrical conduit by
contacting the municipality an@svice providers.

3. Water level sensors:

a. Selectthe appropriate water level sen®)for the RWH system (float switch,
ultrasonic level sensor, or other);

b. Float switches:

i. Select the type of float switch:
1. Solenoid valve actuation is typically provided by &Nl oat
switch, for topup systems,
2. Pump dry run protection is typicalprovided by a N/O float
switch.
ii. Electrical requirements:
1. The voltage rating of the float switch must match that of the device
it controls (120 V or 240 V),
2. The power rating (Watt3/¥] or Horsepower [HP]) of the float
switch must be sufficient to carry the total load of the device it
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controls, or alternatively, float switches may be low voltage and
used to activate the pump through relays in a control panel,

3. Spliced electrical wiringnust be water tight and be of sufficient
electrical rating as determined by the loads handled by the float
switchand the total length of wiring,

4. All electrical connections for float switches must be made by a
licensed electrician in accordance with thermaf act ur er 0 s
instructions.

c. Float switch installation:

i. The float switch shall be tethered to a rigid freestanding object, such as a
vertical section of pipe or the pump, that:

1. Permits the float switch to rise and fall without any obstructions,

2. Is locatedn area where it is easily accessible and can be
withdrawn from the tank without requiring entry into the tank.

ii. To set the operating parameters of the float switch:

1. To maximize rainwater collection, the tether length should be as
short as possible: 75 mB[ i n. ] . Refer to the n
installation instructions for details,

2. To maximize rainwater collection, the tether point should be as
low as possible (such that the float is 50 mm [2 in.] above the
pump intake when in the down position),

3. If utilizing a dual float switch configuration, the float switch
controlling the solenoid valve should be located a minimum of 75
mm [3 in.] above the float switch controlling the pump.

d. Other water level sensors shall be selected and installed in accordance with
applicable provincial codes and regulations, where all electrical connections must
be made by a |Iicensed electrician in ac
instructions.

4. Solenoid valves and shoff valves:
a. Select the type and size of solenoid valve and/orstivalve:
i. All valves must be suitable for potable water and pressure applications,
ii. Valve openings must be no less than the size of the piping where they are
located,
iii. Top-up systems typically use a N/C solenoid valve,
iv. Sol enoi d val ves Owsiotfht ac |6ossl eodbw acrleo sreebc o
b. Electrical requirements:
i. Solenoid valves must be wired into a power supply in conjunction with a
water level sensor;
c. Solenoid valve and shuaiff valve installation:
i. Solenoid valves or shmaiff valves used as part of a tap system shall be
installed on the potable water siyppipe upstream of the air gap,
il. Solenoid valves must be installed by a licensed plumber and electrician in
accordance with the manufacturero6s i

d. Water hammer protection:

. I f acboeskew or oO6soft closed solenoid
hammer arrester shall be installed on the potable water supply piping
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upstream of the solenoid valve in accordance with applicable provincial
codes and regulations.
5. Air gap:

a. An air gap is requed as part of a tepp system for the purpose backflow
prevention (zone protection);

b. Air gaps shall be designed and installed in accordance with applicable provincial
codes and regulations. For guidance purposes only, the following guidelines are
provided:

i. The gap must be unobstructiechechanical supports fixing the potable
water supply pipe to the teyp drainage pipe, or other components located
at or between the potable water supply pipe andipg@rainage pipe is
not permitted,

ii. The air gap must betated in an area where it can be observed and
inspected,

iii. The air gap must be installed at a height above the flood level rim
(overflow) of the rainwater storage tank. If not, there is a risk that
rainwater will back up the tepp drainage pipe and ovindv from the air
gap,

iv. The air gap height must be at least 25 mm [1 in.] or twice the diameter of
the water supply pipe.

c. Splash and water damage prevention:

i. To prevent makep water from splashing at the air gap, install the
following:

1. Flow restrictorjnstalled upstream of the solenoid valve, and/or

2. Aerator, installed where the potable water supply pipe terminates,
and/or

3. Extended length of vertical pipe with the end of the pipe cut at a
angle no less than 45° (to produce laminar flow), installed where
the potable water supply pipe terminates above the air gap.

ii. To prevent water damage to rooms where the air gap is located:

1. Locate air gaps near a floor drain,

2. Install an overflow on the tepp drainage pipe, located
downstream of the air gap to direct ezs makaip water to the
sanitary sewer (where permitted by local authorities),

3. Appropriately size and slope the tap drainage piping.

d. Makeup water flow rate:

i. To ensure RWH system operation during-tqyp the following measures
are recommended:

1. The flowrate of makeup water should be equivalent to that of the
maximum flow rate of the rainwater supply purop

2. The water level sensor(s) shall be configured to provide a
sufficient reserve volume in the rainwater storage tank (i.e., where
said reserve vaime shall be equivalent to that of the average daily
rainwater demand for the RWH system).
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6. Top-up drainage pipes:
a. Pipe material:

ABS pipe (recommended), where
Pipe selected must be approved by the applicable provincial codes and
regulations, and industistandards (CSA, ASTM, etc.).

b. Pipe size and slope:

Top-up drainage piping shall be sized to handle the maximum flow rate of
makeup water discharged at the air gap,

For a typical single family residential dwelling (provided for guidance
purposes only):

1. Top-up drainage piping shall be no less than 50 mm [2 in.] in size
when served by a potable water supply pipe no more than 18 mm
[3/4in.] in size.

Ensure a minimum slope of 0284 (the greater the slope the better) is
maintained throughout the pipe length

c. Consult the applicable provincial codes and regulations pertaining to the
installation of drainage piping (refer 8ectionl.2 Applicable Codes, Standids,

and Guidelinegor details).

7. Premise isolation:

Backflow preventers must be installed for the purpose of premise isolation. The
following guidelines are based on CAN/C$%64.1607; however, this edition is
not yet adopted in the Alberta Building Code 2006 or National Plumbing Code
2005 (refer tdsectiond.2 Applicable Codes, Standards, and Guidelifoes

further details);

Backflow preventeselection:

a.

Residential premises with access to an auxiliary water supply (not directly
connected) must be isolated from the potable water supply by a dual check
valve (DuC) backflow preventer,

All other premises with access to an auxilriary water suppbfyding
residential premises with a direct connection) must be isolated from the
potable water supply by a reduced pressure (RP) backflow preventer. A
double check valve assembly (DCVA) may be permjttedisult

municipal bylaws and local building offals.

Protection against thermal expansion:

If a backflow preventer is installed for premise isolation, the building
potable water supply piping must be protected from thermal expansion by
installation of an appropriately sized diaphragm expansion tamctedl

and installed in accordance with applicable provincial codes and
regulations.

. Backflow preventer testing and maintenance:
i.

Backflow preventers shall be tested and maintained in accordance with
CAN/CSA-B64.10.207 Maintenance and Field Testing of Biow
Preventers.
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8. Electrical wiring:
a. All electrical wiring must be installed in accordance with the applicable

provincial codes and regulations, including the current edition of the Canadian
Electrical Code.
9. Electrical conduit and rainwater service dart:

a. Wiring located underground shall be provided with mechanical protection by
means of an electrical nduit, or other approved means;

b. To facilitate repair and/or replacement of underground rainwater pressure piping,
piping should be installed inside@nwater service conduit, where the conduit
materi al can be flexible drainage tubin
tubing) or other suitable material.
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4.5 Management Guidelines

1. Following the installation of the RWH system, if the malgesystentdoes not operate, or
if it operates under conditions when it should not (i.e.,-tgpthe tank when there is a
sufficient quantity of rainwater in the tank):

a. Ensure that the proper control equipment were selected and arranged in
accordance with the prowad Design & Installation Guidelines;
b. Visually examine the RWH system, in particular:

i. Examine the volume of rainwater in the storage tank. If there is sufficient
rainwater in the tank, the makg system should not operate and the fact
t hat i tayindcatditioaf itfisfunationing as intended,

ii. Examine the electrical supply to the rainwater pump, solenoid valve(s),
and water level sensor(s) to verify that electricity is being supplied to all
equipment,

iii. Examine the potable water supply pipe tafyaihat water flow is not
being restricted by closed skoff valve(s).

c. If the above steps do not resolve the problems with the qigalsgstem, its
performance must be verified by performing the following s{dlage: this
method assumes that a floatiglv is the water level sensor utilized, and must be
modi fied for other types of water | evel
troubleshooting instructions)
i. Float switch performance:
1. Visually examine the float switch(es) in the rainwater tank to
ensure that:
a. They are properly tethered at the appropriate height and can
freely move up and down,
b. They are not tangled with the pump or other components
located in the tank,
c. Any electrical splicing of the float switch wire is intact.

Adjust and untangle &hfloat switches if required,

Remove the float switch(es) and the structure to which they are

tethered from the rainwater tank, in order to test their performance,

4. If two float switches are present, the float switch at the lowest
elevation should contraehe rainwater pump (preventing dry
running) and the other switch, at a higher elevation, should control
solenoid valve(s) for a make system,

5. Simulate a low level event by holding the top float switch in the
down position,

6. For topup systems, the flowf makeup water should start, which
can be observed through an air gap or from the storage tank
lid/access hatch,

7. Next, simulate a high level event by holding the top float switch in
the up position,

w N
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8. For topup systems, the flow of make water shouldtep (as
observed through an air gap or from the discontinuation of flow
into the storage tank),

9. If another float switch is present in the tank, one which should
control the pump in the event of low tank levels, this float switch
should also be tested usitige above method,

10. If the makeup system is operating under the opposite conditions as
intended, then the problem lies in the type of float switches
selected. If a N/O float switch is currently installed, then it must
be replaced for a N/C float switcaind a N/C float switch must be
replaced with a N/O float switch,

11.1f no actions are observed under either float switch up or down
scenarios, have the RWH system inspected lmeasedplumber
and/or electrician.

ii. Solenoid valve performance:

1. Visually exanine the solenoid valve(s) on the potable water supply
pipe and/or rainwater pressure piping. Ensure that each valve is
connected to a power supply (i.e., electrical panel) and all manual
shutoff valves located upstream of the solenoid valves are in the
open position,

2. Determine if the solenoid valve(s) are operating following the float
switch performance guidelines provided above. If makevater
flow cannot be easily observed, verify whether the solenoid
valve(s) are operating by listening for a buzsound and/or
checking the temperature of the solenoid valve coil,

3. If the solenoid valves do not appear to be operating, have the RWH
system inspected byli@ensedplumber and/or electrician.

iii. Top-up drainage pipe performance:

1. Determine if the probleriies with topup drainage piping by
visually inspect the flow of water through the gap while
performing the float switch performance evaluation (provided
above) and/or simulating a tagp process by manually pouring
water into the tojup drainage pipe thugh the air gap,

2. During the topup process, if water overflows from the air gap, this
may indicate some or all of the following problems:

a. The topup drainage piping is undersized and/or the flow
rate of makeup water is too high,

b. There is a blockage or disction in the topup drainage
piping,

c. If the system is operating under cold weather conditions,
then water in the topp drainage pipe may have frozen,

3. To address these issues, first attempt to decrease the flow rate of
makeup water into the topip dranage pipe, and observe the
makeup process to see if this corrects the problem. If this
problem arose during a period of extreme cold weather, it may be
necessary to winterize or decommission the RWH system (refer to
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the instructions ilChapter 2 Rainwater Storage & Tank Sizihgy

details) then monitor the performance of the magesystem after

warmer temperatures are present,

4. If the above recommendations do not resolve the problem, the
makeup system and tepp drainage piping may need to be
examined and/or scoped by a licedplumber to determine if any
obstructions are in the pipe.

. Backflow preventer testing and maintenance:

a. Backflow preventers shall be tested and maintained in accordance with
CAN/CSA-B64.10.207 Maintenance and Field Testing of Backflow Preventers.

. If the makeup system is operating properly, it is recommended that it still be inspected

once every six months to:

a. Verify that the float switch wires are not tangled with other float switches, the
pump or other objects in the tank;

b. Remove any dirt and/or debtisat have accumulated on the float switch(es), if
present;

c. Observe the makep system while operating to ensure that water is not
overflowing from the topup drainage pipe at the air gap and is not discharging
from the backflow preventer(s). If any wateaking or discharging is observed,
refer to the troubleshooting instructions above.

. While inspecting, cleaning, or repairing the makesystem follow all necessary safety

precautions, such as disconnecting the power supply when necessary.
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5.1 Introduction

To supply rainwater t@ermittedfixtures a pump and pressurized distribution system is often
required. Water is pumped from the rainwater tank, pressurized it, and delivered it to fixtures
located at highee | evati ons in the building. The syst
tankd (a tank used to store pressurized water
independent plumbing lines and various other plumbing components.

To ensure th@roper operation of these systems, care must be taken when selecting the type and
size of the pump and associated pressure tank. The pressure system must be capable of
supplying water at a sufficient rate, and at a sufficient pressure to all the fiittisre®nnected

to, even those located the furthest distance from the pump. In addition, it must be designed and
installed to minimize the risk of a cressnnection and potential backflow (refer@hapter 4

Makeup Water System and Backflow Prevenfienfurtherdetaily. Homeowner maintemae

is also critical, as homeowners must periodically inspect the system and be capable of
troubleshooting the system if an issue with the pump does occur.
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5.2 Applicable Codes, Standards, and Guidelines

Table5-1 references specific codes and standards that are applicable to pressure systems.

Table 5-1. Applicable standards, codes and guidelines for pump angressure distribution systems

Applicable Codes,

Selected Provisions &

Standards, and Design and Installation Implications

Guidelines
Alberta Building Code  { 7.2.1.2.(8) Plumbing Systems and Fixtures
(2006)

Specifies that rainwater shall not be connectecplumbing fixtures that
provide water for human consumption, cooking, cleaning, showering or
bathing.

National Plumbing Code 2.2.5.5. Polyethylene Pipe and Fittings
of Canada 2.2.5.7. Crosslinked Polyethylene Pipe and Fittings
(2005) 2.2.5.8. PVC Pipand Fittings

2.2.5.9. CPVC, Pipe, Fittings and Solvent Cements
2.2.7.1. Copper and Brass Pipe

2.3.4.5. Support for Horizontal Piping

2.6.3. Size and Capacity of Pipes

2.7.1.1 Not Permitted

2.7.2.1. Markings Required

2.7.3.2. Outlets

E R

Articles 2.2.5.52.2.5.7.,2.2.5.8., 2.2.5.9. and 2.2.7.1. specify approved
materials used for pressure applications. Article 2.3.4.5. provides
specifications for the support of piping.

Subsection 2.6.3. provides a method for sizing water distribution syster
per Tables 2.6.3.1 and 2.6.3.2 and Tab2.&1.1.(1).

Articles 2.7.1.1. and 2.7.2.1. specify thaihwaterpressurepipes shall not
be connected to potable water pipemdthat rainwater shall not discharge
into a sinkor where a potable outletlischarges or food/drink is prepared
Rainwater pressure pipirghall have markings that apermanent and
easily recognized, as per 2.7.2.1.
Canadian Electrical Code¢ All electrical equipment must bapproved and installed to according to
(Current ed.) the requirements of the current edition Canadian Electrical Code

I:l Mandatory Documents I:l Supplementary Documents
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Applicable Codes,

Selected Provisions &

SIEIEElES, Gl Design and Installation Implications

Guidelines

CSA Standard B128.1 5 Installation Requirements
(2006) T 9 Pumps

1 10 Separation

1 11 Testing

1 12 Markings

Provides guidelines for thgipes,pumpsand plumbing accessoriesed for
RWH system, separation of rainwater pipes and potable water pipes anc
testing for crosonnections, as well as the markings for rainwater servic
pipes and outlets.

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

General

The pump and pressurized distribution system is comprised of a series of interconnected
components, located both inside the rainwater tank and within the building. A typical pressure
system for a rainwater tank in a belgmound application is shown Figure5-1.

10, TOILET/
URINAL

9. RAINWATER
PRESSURE PIPING
(RAINWATER SUPPLY
PIPE)

11. SUB-SURFACE

IRRIGATION SYSTEM 6. ELECTRICAL

SUPPLY PANEL 8. POST-STORAGE
A TREATMENT
— ~ ? UNITS
2
/
4 ELECTRICAL WIRING . 2 RAINWATER | /
PRESSURE PIPNG /
(RAINWATER SERVICE \ l
] PIPE) \ —
———— T — b I
- =6}
~— bY T —
| 3. WATER LEVEL /— !
I SENSOR (FLOAT /
WITCHES SHOWN

| SWITCHES SHOWN) 7. PRESSURE TANK
| 5. ELECTRICAL 1B. JET PUMP
| CONDUIT
N ___1A. SUBMERSIBLE PUMP
10 / (OR JET PUMP INTAKE)
|
NS

Figure 5-1. Typical schematic of pump and pressurized distribution system for belovground rainwater tank

As shown inFigure5-1, rainwater is drawn from the storage tank by a submersible pump located
directly inside the tank [1A] or a fAjeto pump
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pumped through a rainwater pressure piping [2], tvinims from the tank to a suitable location
(such as a mechanical room or basement utility room) within the building. To protect the pump
from dry running, water level sensors [3], such as float switches, are often used. The electrical
wiring from the waer level sensor(s) and pump (if applicable) are then run through a protective
electrical supply conduit [5] to an electrical supply panel [6].

Inside the building, the rainwater pressure piping is connected to a pressure tank and/or pump
control unit [7] (depending upon the style of pump). If the RWH system will incorporate post
storage treatment units [8], these must be installed after thmupep and any pressure tank
and/or control unit. Following treatment (if performed), an rainwater pressure piping [9] is run
to the permitted fixtures [20Q1].

Pump

To select the appropriate pump for a given RWH system, four criteria must be considered

Pump location, controller configuration and voltage,

Pump flow rate,

Pump system pressure, or fAhead, 06 and
Acceptability of service interruptions.

PwnE

Pump Location, Controller Configuration and Voltage

As shown inFigure5-1, either a submersible pump located inside the tank, or a jet pump located
outside the tank in an indoor/enclosed location, may be used. Other types of exterior pumps are
available as an alteative to jet pumps, such as vertical mstthige pumps, however, these are
generally more suited to multésidential and commercial applications, and as such, shall not be
discussed further.

With regards to submersible and jet pumps, each has itstagearand disadvantages, which are
discussed iTable5-2.
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Table 5-2. Advantages and disadvantages associated withtsuersible and jet pumps

Style of Pump Advantages Disadvantages
Submersible pump 1 More efficient have a 1 Pump must be physicaléxtracted

longer lifespan than jet from tank to perform inspection,
pumps repair and/or replacement

T Reducesthe amountof § May be more difficult to detect
equipment and space pump dry running (or any
needed outside of the malfunction) as operation of pumj
rainwater tank may not be audible

1 Low noise 1 Pumps generally designed for

vertical installation, but must be
installed hoizontally as vertical
installation reduces usable
capacity of cistern (increases dea
space volume)

Jet pump 1 Pump can be easily 1 More difficult to commission than
inspected, repaired submersible pumps, as they must
and/or replaced 0S WLINAYSRQ

1 Generally less expensive § Pump must be located in a
than submersible pumps temperature controlled space
(indoors, pump house, etc.)
1 Pump operation may broisy

Once a pump has been selected, the configuration of the pump controller must be determined. In
general, there are two options available: constant speed pumps and variable speed drive (VSD)
pumps, otherwise known as variable frequency drive (VFD) pumps.

1. Constant speed pump$ Following a large drop in system pressure, a constant speed
pump will activate and pump water at a fixed rate to replenish the volume of water stored
in the pressure tank.

2. VSD/VFD Pumpsi Unlike constant speed pumps, VSD/VFD purogs increase or
decrease the speed of the pump impeller to provide more or less water as needed by the
pressure system.

The advantages and disadvantages of each type of pump are summaread 3.
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Table 5-3. Advantages and disadvantages associated with type of pump

Configuration
Constant speed
pump

PumpController

f

Advantages

Generally lesexpensive than 1
VSD/VFD pumps

Ideal for applications where

minor variations in water q
pressure and flow rate are
acceptable (g, refilling toilet

tanks after flushing and operatin

a garden hose)

Disadvantages

Pressure tanks can be quite
large for applications
requiringhigh flow rates
Flow rate and system
pressure may spike when
pump activates, and
pressure may drop if water
demands are too high

Variable Speed
Drive/ Variable
Frequency Drive

pump

Provide constant pressure to 1
fixtures, regardless of demand
Use vensmall pressure tanks, ol
micro-pressure tank inside the
pump or control unit

Often have built in low/high 1
voltage shutoff and dry run
protection

Smaller space requirements in

the building

Less electricity consumption tha
comparable constant speed
pumps.

Use of smaller pressure
tanks requires a greater
ydzYo SNJ 2F WLJ
potentially increasing pump
wear

More expensive than
constant speed pump
systems

The final decision regarding the type of pump is its operating voltage, either 120V or 240V.

Pump manufacturers generally recommend using a 240 V supply for pumps as this tends to
reduce the need for heavy gauge wiring and switching components.
voltage however, it is recommended that the homeowner contact an electrician and the pump
supplier to inquire regarding the appropriate pump and wire voltage. It is also important to note

Bdexengeeither

that any components wired in with the pump, suchvater level sensors, operate at the same
voltage as the pump. Refer @hapter 4 Makeup Water System and Backflow Prevenfion

further details.

Pump Flow Rate

The amount of flow that must be generated by the pump depends on the types and number of

fixtures connected to the distribution 8m. One method of determining this flow rate is to sum
up the required flow rates

fixtures are operating at one time. This approach is not recommended, however, as it tends to
oversize the pump, increasing the cost of the pump and pressure system.
recommended that the pump flow rate be sized to handle a portion of this maximum flow,

referred

t o

for al | of

as the 6maxi mum peak flow. 6
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Pump Head

Once the flow rate has been detered, the next task is to calculate the amount of pressure, or
pump must provide. Two

fhead, 0 t he

factors

1. Required system pressuré This is the pressure required by the fixtures connected to
the pump and pressurized distribution systand

2. Total dynamichead (TDH)i Thi s i s the | oss in
place as water is lifted from a low elevation to a high elevation, and the losses that take
place when water is being pumped through long stretches of pipe arghfitt

Total dynamic head is comprised of three components:

pressur e

1. Static Lift is the height that water must be lifted before arriving at the pump (applicable
only for systems utilizing a jet pump),

2. Static Heightis the height from the pump to the furthest fixture, and

3. Friction Loss is the pressure loss when water travels through pipes and fittings.

Figure5-2 illustrates he components of pump head.

Operating Pressure
+ Friction Loss }

+

Static Lift
+ Static Height

Pump Head (m)

Total Dynamic
Head (m)

%, &l

Jet Pump

Figure 5-2. Components of Total Dynamic Head (TDH)

Operating
Pressure

(m)

Friction
Loss

(m)

Static
Height

(m)

Static
Lift
(m)
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Once both the pump head and the flow rate are determined, a pump can be selected using pump
curves provided by manufacturers.

Acceptability of Swice Interruptions

A final issue to consider is whether it is acceptable for-pmtable water service to be
interrupted by pump downtime or other potential problems associated with the RWH system. In
a typical residential setting where rainwater isoufee toilet flushing and outdoor use, infrequent
service interruptions are likely to be generally acceptable, and no added measures are necessary.

For residential settings where rainwater is used to supply much or all of household needs, or in
multi-residential or commercial settings where water is needed for toilet and urinal flushing,
service interruptions may not be acceptable. For such settings, two options are available: a dual
pump arrangement, often referred to as a duplex pump arrangemere ¢astalled, or an
automatic bypass system can be utilized.

A drawback of duplex pump arrangements is that they tend to be much more expensive than
singlepump systems; however, many offer control equipment to periodically cycle between
pumps, which imroves the lifespan of both pumps. Another advantage of these pumps is that
they can be purchased in a {@&sembled state, and be installed in much the same way as a
typical singlepump arrangement. .

Pipes
There are two distinct sections of rainwgiezssure piping:

1. Rainwater service pipei the section of pipe from the storage tank to a jet pump, or the
section of pipe from the storage tank to the pressure tank or control unit, in the case of
submersible pumps;

2. Rainwater supply pipei the sectiorof pipe from the jet pump (or pressure tank/control
unit for submersible pumps) to the permitted fixtures.

Each section has unique criteria that must be considered during design and installation, resulting
in different pipe material, sizing and instaltati requirements. For instance, belgmund
rainwater tanks require rainwater service pipe that is suitable for burial and, as this pipe will
always have water in it, it is critical that it is well protected from freezing. Rainwater supply
piping is insiéé the building and must be installed in accordance with codes to ensure that a
crossconnection is not made. Both sections of pipes must be sized to handle the flow generated
by the pump and ensure that each fixture receives rainwater at a sufficienwitlateervice

piping typically requiring larger pipe diameters than supply piping.

To prevent crossonnections, rainwater piping must be marked to indicate that the pipes contain
nonpotable water. Markings for pipe must be distinct and easily reageizypically a purple
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colour is used to identify the piping as containing -potable water. An example of pipe
marking is shown ifrigure5-3.

WARNING: NGMOTABLE WATERDO NOT DRINK
AVERTISSEMENT : EAU RONABLB NE PAS BOIRE

Figure 5-3. Typical marking for rainwater pressure piping

Anothermeans of identifying rainwater pressure piping is to utilize a distinct colour ofi pipe
purplei to prevent future plumbing crog®nnections.

Pressure Tank

Pressure tanks perform two functions in a pump and pressurized distribution system:

1. Storepressurized water to minimize the frequency of the pump cycling on and off, and
2. Maintain a constant pressure in the distribution system.

To accomplish these tasks, pressure tanks are comprised of an exterior shell with an inner
bladder that is equippeadlith a pressure sensor connected to the pump. The pump starts when
the pressure in the bladder drops to theirmyboint and shuts off when the pressure in the
bladder reaches the eotit point.

Other than the pressure sensor, the most important fextensure proper operation of the
pressure system is sizing the pressure tank so that it is compatible with the type of pump and the
pumpdés flow rate.

Constant speed pumps require larger pressure tanks than VSD/VFD pumps because they are
designed storehe volume of water discharged by the pump oveandinute period. This is the

mini mum time the pump is permitted to operate
ti meo. A longer pump run time requduedos a | ¢
frequent pump starts. For VSD/VFD pumps, the size and style of pressure tank tends to vary by
manufacturer. Some manufacturers specify the use of small (~1 Gallon) tanks that are installed

in a similar manner to larger pressure tanks, whereassothcorporate micrpressure tanks

inside the pump, or in a control panel.
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5.4 Design & Installation Guidelines

Design and installation guidelines:
Note: refer toSections.2 Applicable Codes, Standards, and Guidelifteghe specific provisions
thatapplywe n t he term fAin accordance with applicabl
used.

1. Determine the fixtures connected to rainwater:

a. Inthe Province of Alberta, rainwater may be used for:

i. Toilet and urinal flushing, and

ii. Subsurface irrigation.

b. Consultthe applicable provincial codes and regulations to verify the fixtures for
which connection to rainwater is permitted.

2. Select the pump:

a. Determine the style and operating characteristics:

i. Style: jet pump or submersible pump,

ii. Controller configuration: constaspeed or variable speed drive (VSD),

iii. Operating voltage: 120V or 240V.

b. Determine the required flow rate:

i. Consult applicable codes and regulations, industry standards, local
authorities and irrigation system manufacturer (if applicable) regarding the
minimum flow rate to be supplied by the pump,

ii. For guidance purposes only, a method for estimating minimum pump flow
rate, based upon the maximum peak demand sizing method, is provided in
Appendix C

c. Determine the pump head:

i. Consult applicable codes and regulations regarding the minimum flow
pressure and maximum static pressure provided by the pump,

ii. A method for determining the pump head is providedppendix C

d Consult the pump manufacturer or suppl.i
curved charts, to sel ecthetpumpstdempdr opr i at
operating characteristics, required flow rate, and pump head.

e. If pump downtime is not permitted or not desired:

i. Provide a generator or battery backup for the pump, and/or

ii. Provide a backup pump or duplex pump arrangement.

3. Select the presse tank:

a. Consult the pump manufacturer or supplier regarding the minimum size of
pressure tank for the pump, based upon pump controller configuration, and pump
flow rate;

b. For guidance purposes only, a method for sizing the pressure tank for constant
speedoumps is provided iAppendix C
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4. Plan the layout of the pump and pressurized distribution system:

a. Plan route of the rainwater service piping from the jet pump, pressure tank or
control unit to the tank (refer ®ectionl.4 Design & Installation Guidelinefor
guidelines and applicable provincial codes and regulations regarding installation
of underground piping);

b. Plan route of the rainwateugply piping from the jet pump, pressure tank or
control unit to the permitted fixtures;

c. Plan route of electrical conduit(s) from the location of the power supply to the
tank (route with float switch wiring where possible, refeCtapter 4 Make-up
Water System and Backflow Preventionfurther details);

d. 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 buried rainwater service piping and/otredatconduit by
contacting the municipality and service providers.

5. Rainwater pressure piping:
a. Rainwater pressure piping is comprised of two distinct sections of pipe:
i. Rainwater service pipe:
1. Piping from the storage tank to a jet pump, or
2. Piping from thestorage tank to the pressure tank or control unit, in
the case of submersible pumps.
ii. Rainwater supply pipe:
1. Piping from the jet pump (or pressure tank/control unit for
submersible pumps) to the permitted fixtures.
b. Rainwater service pipes:
i. Pipe material:
1. Pdyethylene pipe (recommended), where
2. Pipe selected must be approved by applicable provincial codes and
industry standards (CSA, ASTM, etc.).

ii. Pipe size:
1. Pipe shall be sized to handle the maximum flow rate of the pump
in accordance with theupnp manufactume 6 s i nstructi ons,

2. For estimation purposes, service pipe size can be calculated using
the method provided iAppendix C
iii. Tank connection:
1. Rainwaterservice 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 top of the overflow drainage pipe(s) entering
the tank, or
2. Where entering the tank at a height no lowen(ttet of the
overflow drainage piping exposes the rainwater service piping to
frost, rainwater service piping may enter the tank at a lower height,
provided the tank connection is water tight.
c. Rainwater supply pipes:
i. Pipe material:
1. Crosslinked polyethylen(PEX) (recommended), where
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2. Pipe selected must be approved by applicable provincial codes and
industry standards (CSA, ASTM, etc.).

ii. Pipe size:

1. Consult the applicable provincial codes and regulations pergain
to water supply pipe sizing,
2. For estimatiorpurposes, supply pipe size can be calculated using
the method provided iAppendix C
6. Installation of rainwater pressure piping:
a. Connection:

i. Rainwater pressure piping shall not be connected to a potable water
system,

ii. Rainwater pressure piping shall only connect to fixtures permitted by
applicable provincial codes and regulations.

b. Support and protection:

i. Underground piping shall be located ipr@perly excavated space, be
supported and properly backfilled in accordance with applicable provincial
codes and regulations,

ii. Piping inside a building shall be supported in accordance with applicable
provincial codes and regulations,

iii. Piping shall be protged from frost (refer t&ectionl.4 Design &

Installation Guidelinedor details).
c. Operation and maintenance considerations:

i. Rainwater service piping connected to a jet pump must be installed on a
horizontal, or on a consistent upward slope from the storage tank to the
pump,

ii. To minimize the posgkility of leaks, underground rainwater service piping
should be installed with no, or few, pipe fittings,

iii. To facilitate repair and/or replacement of underground rainwater service
piping, piping should be installed inside a rainwater service conduit, where
the conduit material can be flexible drainage tubing (typically referred to
as ABig 606 0 tubing) or other suita

d. Undergroundnomet al | i ¢ pipes should be instal/l
referred to as 6t r ac eleinjabovesttee pipedarthea hei g
purpose of locating agstalled piping.

7. Pipe marking¥ :

a. All rainwater pressure pipes shall be clearly identified and marked in accordance
with applicable povincial codes and regulations;

b. Pipes shall be marked as follows:

i. Text/legend:

1. WARNING: NON-POTABLE WATERS DO NOT DRINK
AVERTISSEMENT : EAU NONPOTABLE & NE PAS BOIRE

2. Text must be legible with letters no less than 5 mm in height,
except where pressure pipe size makes 5 mm high letters
impractical.

19 Adapted from CAN/CSAB128.1-06 Design and installation of ngpotablewater systems. 2006. CSA
International, Mississauga, ON. Refer to CAN/GBA28.1:06 for further details.
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ii. Colour:
1. Marking labelsshall be purple in colour, and/or
2. Pipes shall be purple in colour, or marked with a continuous purple
stripe.
lii. Figure5-4 provides anxample of typicapipe marking:

WARNING: NGPOTABLE WATERDO NOT DRINK
AVERTISSEMENT : EAU /RONABLB NE PAS BOIRE

Figure 5-4. Typical marking for rainwater pressure piping

c. Spacing of markings:
I. Markings shall be repeatediatervals of not more than 1.5 m.
8. Installation of pump :

a. Pumps shall be installed in accordance
instructions;

b. Pumps shall be installed such that they are readily accessible (submersible pumps
must be retrievable withoentry into the tank);

c. Pump shall be provided with dry run protection. Consult pump specifications to
determine if pump has buiih dry run protection, if not, provide a water level
sensor (refer t&€hapter 4 Makeup Water System and Backflow Preventmn
details);

d. For jet pumps:

i. Rainwater service pipe should terminate no less tharl200nm [46 in.]
above the bottom of the tank,

ii. Pump prime shall be maintained by a foot valve locatéeatainwater
service pipe intake, or a check valve located in the rainwater service pipe
upstream of the jet pump.

e. For submersible pumps:

i. The pump intake should be located no less tharlB00mm [46 in.]
above the bottom of the tank,

ii. Pump prime shall bmaintained a check valve located in the rainwater
service pipe downstream of the et
instructions to determine if required).

f. Electrical requirements:

i. All wiring must be installed in accordance with the current edition
Camdi an Electrical Code. Refer to t
instructions for further detalils,

ii. Electrical wiring installed outdoors and/or underground should be
provided with protection,

iii. The pump should be installed on a dedicated circuit, witfot@r
disconnect switch installed near the pressure tank or control panel (refer to
the Canadian Electrical Code for specifics),

iv. For buried tanks, electrical wiring should be suitable for burial and/or
wiring should be run through a protective conduit maideVC pipe, or
0 BHO @style drainage pipe,
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v. Buried electrical wiring and/or conduits should be installed in a properly
prepared and backfilled space (refeCtoapter 1 Rainwater Catchment &
Conveyancéor details).
9. Installation of pressure tank:
a. Pressure tanks shall be installed in accordancet h t he manuf actur er
instructions;
b. Pressure tanks shall be installed such that they are readily accessible;
c. Pressure tanks shall be installed with a means for observing the system pressure,
such as a pressure gauge;
d. The pressure sensor aepsure switch installed with the pressure tank must be
wired in with the pump (and control panel if applicable);
e. All wiring must be installed in accordance with the current edition Canadian
Electrical Code.
10. Install poststorage treatment devices as liee (refer toChapter 3 Rainwater Quality
& Treatmentfor details).
11.Commission the pump and pressurized distribution system in accordance with the
manufacturero6s instructions. I nstructions
in Sectionb.5.
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5.5 Management Guidelines

1. If the pump and pressurized distribution system stop operating, or if there are problems
during the commissioning process, follow the trouble shooting stepsexliiglow:

a. Ensure that the proper pump and pressure equipment were selected and installed
in accordance with the provided §)gn & Installation Guidelines;

b. Visually examine the volume of rainwater in the storage tank:

i. If the rainwater tank is empty, thenpp and pressure system should not
operate, and the fact that it is #fAof
connected to the pump, or the pumpoaos
as intended and preventing the system from operating,

ii. If there issufficient rainwater in the tank, and the pump and pressure are
not operating, examine the electrical supply for the pump and pressure
system. Verify that all necessary components are connected to the
electricity supply, and that all components are sedglectricity (i.e., all
on/ off switches are in the 6onbé posi
are also in the éondé position),

iii. Note: In the event of a power failure, rainwater cannot be supplied to
connected fixtures unless bagg provisions suchs an automatic bypass
backup system were included in the design of the RWH system

2. Most often a problem with the pump and pressurized distribution system is not due to the
pump itself but the associated components and equipment. The following steps ar
recommended for examining each of these components:

a. A licensedplumber, electrician or other skilled technician should be consulted
regarding the troubleshooting and/or repair of the pump and pressure system. The
following steps are provided only as aidg.

b. Make-up water system and water level sensors:

i. During the visual inspection of the rainwater storage tank, if the tank
appeared empty, but the RWH system includes aipogystem, this may
indicate that there are problems with the bapksystem. Ref to
Chapter 4 Makeup Water System and Backflow Prevenfam
instructions on how to troubleshoot this system,

ii. If the RWH system utilizes an automatic bypass mgkeystem, an
empty tank may be normal given insufficient rainfall or heavy use. This
system should automatically provide potabbger to fixtures (bypassing
the RWH system). If this system does not operate, or if pump operation
does not resume following the addition of rainwater to the tank, this may
indicate that there are problems with the bapksystem,

iii. If a manual topup orbypass backip system is utilized, direct intervention
is required to activate these systems. These systems must be activated
prior to the storage tank running empty, otherwise a water level sensor
connected to the pump, aectionwlle pumpods
prevent the pump and pressure system from operating,

iv. If the topup system appears to be functioning as intended, the problem
with the pump and pressurized distribution system may lie with the water
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level sensor connected to the pump. Ingioms on how to inspect, test
and adjust a float switch water level sensor is providéthiapter 4
Makeup Water System and Backflow Prevention

c. Pressure tank:

i. If the pump cycles on and off repeatedly, and/or the system never comes
up to the desired pressure, there may be a problem wigireébsure tank,

ii. The static pressure of the pressure tank (the pressure of the tank when
there is no water inside of it) must be 14 kPa [2 psi] less than the desired
Cutin pressure.

d. Pressure sensor/switch:

i. Pump cycling and/or an inability to come up te tlesired pressure may
also be a problem with the pressure sensor/switch,

ii. For VSD/VFD pumps utilizing a pressure sensor, the pressure settings will
likely need to be set using a control panel (refer to the pump and pressure
tank manuf act instrectiofosdor details)t al | at i on

iii. For constant speed pumps utilizing a pressure switch, consult the pump,
and/ or pressure switch manufacturers
adjusting the pressure switch.

e. Pipes and shutff valves:

i. If ajet pump appears tee dry running, or if a submersible pump appears
to run for a period of time, but does not discharge any water, there may be
a blockage in the rainwater pressure piping,

ii. If the tank is located outdoors and below ground, there is a chance that
under extremeold conditions rainwater may have frozen in the pipes,
preventing flow in the rainwater pressure piping. It may be necessary to
wait for temperatures to increase to determine if this is the source of the

problem,
iii. A blockage can also be created by a siffivalve, located in the
rai nwater pressure piping, that is i

off valves to ensure they are open.
f. Foot valves, check valves and leaks in the system:
i. If the pump cycles on during times when there is no rainwat@add or
if the pressure gauge shows that the system pressure slowly decreases over
time, there may be a problem with the foot valve or check valve or there
may be a leak in the system,
ii. Inspect all foot valves and check valves to ensure that they arnéenhata
the correct orientation (as indicated on the device) and that the valve is not
clogged by dirt and debris,
iii. If the foot valves and check valves appear to be operating properly, then
there may be a leak in the rainwater pressure piping. Insp@dgial) to
ensure that there are no leaks from the pipelines or leaks from the fixtures
connected to the pump and pressurized distribution system.
. If the above steps do not resolve the issues with the pump and pressure system, the
problem may lie directtywt h t he pump. Refer to the pum
instructions for troubleshooting recommendations, and if these actions are unsuccessful at
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resolving the problem, consulliaensedolumber, electrician and/or pump service
technician.

If the pumpand pressurized distribution system is operating properly, it is recommended
that it still be inspected once annually to:

a. Ensure that the pump and pressure system is in good working order, and that there
is no obvious sign of pump overheating or pump wear;

b. Ensure that there are no leaks in the rainwater pressure piping;

c. Observe the pressure system when no demands are placed on it. If the pump
cycles repeatedly during a period where no demands are present, this may indicate
that there are problems with tfaot valve or check valve, or that there is a leak in
rainwater pressure piping.

. While inspecting and/or repairing the components of the pump and pressurized
distribution system, follow all necessary safety precautions, including disconnecting the
electriaty supply to the pump.
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6.1 Introduction

On occasion, the volume of rainwater collected from the roof catchment will exceed the storage
capacity of the rainwater storage tank, causing the tank to overflonovelflow-handling
provisions are not in place, excess rainwater will back up rainwater conveyance amd top
drainage piping, until the rainwater reaches a point from which it can most easily
discharge/overflow. This may be at the downsgowtonveyancelrainage pipe transition, or

less ideal locations like the access opening of the tank, or at the air gap efim sggtem.
Overflows at these points may cause damage to the rainwater tank itself, or cause water damage
to a buildingds exterior or interio

Due to the consequences of not properly handling excessive volumes of rainwater, it is important
that the RWH system include sufficient overflow provisions. The design of overflow systems
involves deciding where excess volumes of rain can be appeipridischarged, and how to
convey these overflow volumes from the storage tank to the point of discharge. Addressing
these issues generally falls under the practice of stormwater management.

The practice of stormwater management has evolved considamnaily past decades, and has
shifted from simply conveying stormwater @fite to managing it through esite practices and
treatment facilities designed to mitigate the environmental impacts of runoff. RWH systems are
a new addition to stormwater managnt practices in Canada, and as such there is little
guidance on how to integrate these systems with stormwater management programs. Despite
lack of specific guidelines, many aspects of stormwater management remain applicable for
handling the overflowsfaainwater tanks.

This chapter will discuss these stormwater management and regulatory requirements and provide
guidance on how to select, install and manage the most appropriate type of ohariiding

system given these considerations and otlares such as site conditions, and tank location/
placement. Since there are very few federal or provincial regulations or guidelines on the design
and installation of stormwater management systems, this chapter utilizes the Stormwater
Management Planningnd Design Manual from the Province of Ontario for general design
criteria and methdd.

2 stormwater Management Planning and Design Manual. 2003. Ontario Ministry of the Environment, Toronto, ON.
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6.2 Applicable Codes, Standards, and Guidelines

Table6-1 references spédat codes and standards that are applicable to ovetikwdling
systems.

Table 6-1. Applicable standards, codes and guidelines for rainwater overflow handling systems

Applicable Codes,

Selected Provisions &

SIEIEElES, Gl Design and Installation Implications

Guidelines
National Plumbing Code § 2.4.2.2. Connection of Overflows from Rainwater Tanks
of Canada
(2005) Specifies that an overflow from a rainwater tank shall not be directly
connected to alrainage system (an indirect connection is required).

Note: Overflowdrainagepipes must be sized and instaliedaccordance
with the NPC provisions applicable to drainage pipirggeChapter Ifor

details.
CSA Standard B128.1  { 7.7 Overflow(s) capacity
(2006) 1 7.8 Overflow discharge

Specifies that the capacity of the overflakainagepipe(s) must be equal tc
the capacity of the conveyanagzainagepipes, andhat overflows must be
discharged in accordance with local regulations.

Stormwater I 6.3.3 Onlot Infiltration Systems

Management Guidelines

for the Province of Provides brief description of léével infiltration systems.
Alberta

(1999)

Alberta PrivateSewage { 7.1.1.2. Site Evaluation (2), (3)

Systems Standard of 1 7.1.2.1. Number of Soil Profiles Investigated

Practice 1 7.1.2.2. Minimum Depth of Soil Investigation

(2009)
Provides guidelines on evaluating site soil profisich can be used in the
sizingof soakaway pits/infiltration trenches.

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

Overflow Discharge Locations

The purpose of the overflow system is to handle excessive rainwater flows, directing them away
from the rainwater storage tank to a suitable location.
grade, a storm sewer, or an-site soakaway pit. In each casenveater can be conveyed via
gravity flow or pumping. Table 6-2 describes these options and includes sketches illustrating
each overflonhandling method. In these uBitrations, rainwater entering the tank during a

Overflow volumes can be directed to

rainfall event (Q) has exceeded the storage capacity of the tank (S).

Table 6-2. Overflow discharge locations and methods of conveying rainwater overflows

Oveflow Discharge

lllustration/Example

Locations/Methods
1. Discharge to grade via gravity flow

This method is applicable for tanks
located aboveor belowgrade where
rainwater overflows can be directed to
grade via gravity flow.

GRADE

RAINWATER
CONVEYANCE
DRAINAGE PIPING

OVERFLOW
DRAINAGE PIPING

2. Discharge to gradeia pump-
assisted flow

This method is applicable for tanks
located belowground or integrated
within buildings, where rainwater
overflows must be pumped to grade

GRADE —,

h 4

RAINWATER
CONVEYANCE
DRAINAGE PIPING

Q

PUMP

OVERFLOW
PRESSURE PIPING

3. Discharge to storm sewer via gravit
flow

This method is applicable for tanks
locatedabove or belowgrade where
rainwater overflows can be dischargec
to a storm sewer via gravity flow,
although the tank cannot be directly
connected to the sewér

GRADE

RAINWATER
CONVEYANCE
DRAINAGE PIPING

OVERFLOW
DRAINAGE PIPING

STORM SEWER
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4. Discharge to storm sewer via purmp
assisted flow

This method is applicable for below
ground tanks and tanks integrated
within buildings where the storm sewe
is located at a higher elevation than th
storage tank.

5. Discharge to soakaway pit via
gravity flow (pump-assisted flow N/A)

This method is applicable for tanks
located belowground where rainwater
overflows must be infiltrated osite
and pumping to grade is impractical,
and/or the overflowdrainage piping
cannot be connected to a storm sewel

Tanks can be indirectly connected to the storm sewer, or alternatively a backwater valve can be
installed on the overflowdrainage pipingn the case of a direct connection.

Each overflow system has unique advantages and disadvantages, discUsd#d 63 (listed
from most to least recommended).
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