Rainwater as a Source in an Innovative Urban Dwelling
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Abstract

The Toronto Healthy House is a duplex dwelling in downtown Toronto, Ontario, Canada that is completely independent of municipal water and wastewater services. Water for potable use is obtained from the roof and yard surfaces, and grey water and black water are recycled for other uses. The capacity of the rainwater cistern was determined using a program developed for agencies of the Nova Scotia government. Rainwater is treated by dual filtration and ultraviolet disinfection. Monitoring results confirm that potable water quality meets Canadian Drinking Water Standards.

Introduction

The Toronto Healthy House (THH) is a duplex dwelling, in downtown Toronto, Ontario, Canada, that is completely independent of municipal water and wastewater services.  Potable water is supplied by a Rainwater Cistern System (RWCS), and all wastewater is recycled for non-potable uses.  The THH was developed by Creative Communities Inc., with the support of Canada Mortgage and Housing Corporation, a federal government agency, in order to demonstrate a variety of innovative housing technologies.  The THH was completed in 1997.  One of the two dwellings, which is occupied by the owner, is the subject of this paper; the other has been used as a site to demonstrate the technologies described here and a variety of other innovations in residential construction.

This paper provides an overview of the water and wastewater management system in the THH (further details may be found in Townshend et al, 1997), and describes in particular the role of the  RWCS in that system, the hydrologic design of the RWCS, and the water treatment process.

THH System

The RWCS collects rain water and snowmelt from roof and yard surfaces.  This water is treated and used as the potable water source for the dwelling, supplying the kitchen and bathroom sinks and dishwasher.  All other fixtures are supplied with recycled and treated wastewater.  Water-conserving fixtures used in this house include:

6 L toilets

low flow faucets 

low flow shower heads

25 L/wash clothes washers (using 1/3 usual demand)

25 L/use dishwashers (using 3/5 usual demand)

Figure 1 illustrates the water balance for the four-person THH, and compares it with a conventional system with and without water conservation.

It is apparent from Figure 1 that the total water demand in the THH is one-half that in a conventional system:  445 L/day vs 885 L/day.  The potable water demand in the THH is only slightly less than in a conventional system, as a result of the water conserving dishwasher; sink use is primarily for cooking and is not considered to be significantly affected by water conservation devices.
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Figure 1. 
Effects of Water Conservation and Wastewater Recycling in the Toronto Healthy House, L/day.

Use of recycled wastewater for all non-potable uses reduces the demand on the RWCS from 885 L/day to 120 L/day.  This is a crucial factor in the design of the THH system:  the size of the available rainwater collection area, and the precipitation in Toronto, could not supply all of the demand for a conventional system at this site.  Wastewater recycling makes it possible to use a RWCS as the only external water source for this system.  Trucked water is available if required to supplement the RWCS in a prolonged dry period.

Figure 1 also indicates the effect of water conservation, and wastewater recycling, on the wastewater treatment and disposal system.  All wastewater receives primary and secondary treatment in a septic tank and Waterloo Biofilter TM; water conservation reduces this flow from 885 to 445 L/day.  Recycled wastewater receives advanced treatment (filtration and disinfection); water conservation reduces the capacity of this system by one-half.  The size of the on-site wastewater disposal system—a sub-size gravel pack—is reduced by 85 percent.

RWCS – Hydrologic Design

The Centre for Water Resources Studies (CWRS), DalTech, Dalhousie University, applied a RWCS computer program, developed for the Province of Nova Scotia (Scott et al, 1995),  to analyse Toronto precipitation and suggest the potential yield and storage requirement for a RWCS at the THH.  This program has been incorporated into WATERSAVE, a program for planning and design of residential recycling and reuse systems, that has been developed by CWRS for Canada Mortgage and Housing Corporation (Waller et al, 1997).

The RWCS program uses a long-term record of daily precipitation, the size of the collection area, and storage tank capacity, to assess the reliable yield of the RWCS.  The THH collection area—three roof surfaces and two ground level patios—is 80 m2.  The raw water is stored in a 20 m3 concrete cistern.  This system is designed to deliver the potable water demand of 120 L/day indicated above.  Overflow from the cistern is added to the renovated wastewater, or can be wasted into a sub-surface gravel pack.

Toronto Healthy House Potable Water Treatment

Consideration was given to including a layer of limestone in the rainwater cistern, to neutralize acid precipitation that is a characteristic of southern Ontario.  However, experience in Nova Scotia (Scott, et al, 1995) and analyses of water from the THH System, included that the concrete cistern provides adequate buffering of acid rain.

The outlet of the cistern is located above the tank bottom, to accommodate solids accumulation or suspended solids settlement.

Initial samples of rainwater were contaminated by exposed bituminous roofing materials.  This was easily connected by an inert roof membrane.

Water from the cistern is treated by slow sand filtration, activated carbon adsorption, and disinfection, then stored in a 600 L potable water storage tank.  Water from the storage tank is disinfected again before being pumped to fixtures.

The sand filter and activated carbon absorber are contained in a single unit, 1.2 m high and 0.3 m in diameter.  Flow through the unit is upward.  The sand filter includes four layers, graded from coarse quartz sand (13 to 19 mm) at the bottom to fine silica sand (0.35 mm) at the top.  The activated carbon is suspended in a basket above the sand.

The sand filter is intended to remove particulates, bacteria, and cysts.  Activated carbon is intended to remove dissolved organic compounds and some metals.

Maintenance of the filters includes backwashing at monthly intervals, and annual replacement of the activated carbon.

Disinfection, before and after the potable water storage tank, is provided by ultraviolet (UV) treatment units.  Each unit includes a sensor that automatically shuts down the water supply system if the UV light intensity is too low.

The water treatment unit was designed to assure that potable water meets Guidelines for Canadian Drinking Water Quality (Health Canada, 1996).

Sampling taps and pressure gauges are located throughout the treatment process for sampling purposes.

Water samples collected to date have met the Guidelines.

Summary

A rainwater cistern system (RWCS) is an essential component of the Toronto Healthy House, for which a RWCS supplies all potable uses.  Effective use of the RWCS is made possible by reduction in water demand that results from recycling of all wastewater for non-potable uses.  The yield of the RWCS was based on a computer program that considers long term precipitation records, collection area, and storage capacity.  The treatment used in the THH provides potable water from rainwater collected from urban roof and yard surfaces in a large metropolitan area in a region with acid precipitation.
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