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ABSTRACT 

Two general types of wastewater are generated within buildings: greywater. which is 

produced from baths. showers, clothes washers and bathroom sinks. and blackwater. which is 

produced from toilets. kitchen sinks and dishwashers. In convent~onal plumbing systems. 

greywater and blackwater are combined to form a common waste stream which is disposed 

of via sewer systems to central treatment plants. Greywater reuse represents a break from 

this traditional method of  wastewater disposai and proposes keeping greywater and 

blackwater streams separate and reusing greywater for a purpose other than that for which it 

was originally used. (For example. reusing greywater for toilet f l  ushing or iandscape im.gatioii.) 

Retrofit of existing buildings wrth greywater reuse systems could provide an effective nrategy 

for urban redevelopment resulting in a more efficient urban fonn in terms of both individual 

building efficlencies and municipal water costs. In Wnnipeg, greywater reuse. if applied 

broadly , could become a water conservation alternative having the potential to delay or 

eliminate the need for a supplemental water supply source and reduce future water treatrnent 

c o s .  

Before a greywater reuse system can be designed for a par tdar  building. R is necessary to 

determine whether the building is appropriate for retrofrt wrth a greywater reuse system. To 

facilitate this. a decision-support system is required which provides a defined method or 

planning tool for identdjing opportunities and constraints to greywater reuse retrofe for 

existing buildings. Through a review of literature and contact wrth local professionals. this 



practicum identrfied protocols or important criteria for pre-design assessment of greywater 

reuse retrofn. From this. a process was developed for relevant data colleaion necessary for a 

pre-design assessment of feasibilrty for greywater reuse retroffi. This process was trtled an 

Opportunity/Constraint Anolysis Method for greywater reuse retrofe of existing buildings. 

The Opportunity/Constraint Analysis Method is comprised of three levels of information 

which must be considered in a preliminary assessment of feasibilrty for g r e w e r  reuse 

retroffi. These are: (i) planning issues related to the instnaonai or regulatory/poiicy 

environment (focusing on public heakh. environment. building/plumbing codes. sewer vtiltty 

by-laws. infrastructure/public works and zoning): (ii) site specific information related to the 

building environment in quenion (focusing on general facility information. curent water usage 

and existing equipment/infrastructure): and (iii) solution generation related to possible reuse 

options (focusing on appropriate reuse possibilities. pre-design considerations related to public 

heab protection and operating and maintenance requirements and preliminary costmg). 

Specific areas of concem or protocols were identified for each of the focus areas listed under 

the three levels of information. Presented as a three-part checklin. each pait of the 

Opportunrty/Constraint Analysis Method corresponds to the three levels of information and 

lis& the related focus areas and specitic protocol related to each. This format provides a 

convenient planning tool for addressing the issues and considerations necessary in a 

preliminary assessment of feasibilrty for greywater reuse retrofi. 
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INTRODUCTION 

The design and construction of cities has historically lacked a strategy for the efficient 

use of water and energy resources. Consequently. the buiit environment of 

modem ches is not "sustainable" in an environmental economic sense. tn a recent 

Woridwatch Institute publication, Maiin Roodman & Lenssen ( 1 995) estimated that 

"buildings consume at lean 40% of the world's energy." Among the resources 

wasted by modem buildings. the waste of potable (i.e.. drinking qualrty) water is the 

highest throughout the building life cycle. As a resuit. "buildings account for one-sixth 

of the world's fresh water wtthdrawais" (Malin Roodman & Lenssen. 1995). The 

United States Environmental Protecbon Agenq (USEPA. 1992) has declared that 

"few cities now enjoy a surplus of high q u a J ~  water; [and] if they do, this surplus can 

be expected soon to be exhausted." Furthemore. Environment Canada has 

indicated that "Canada's water supply is not endless. Population growth. rising 

pollution and global waming are shrinking the usable supply." Despite these 

assessments. building design and uhan developrnent standards and codes continue 

to be approved wrth little regard to the d u e  and limitations of the water supply. 

I . I Water Use in Winnipeg 

Typical of urban centres today. al1 of Winnipeg's water supply is of potable qualrty. 

There are three categones of water use in Winnipeg: residential. commercial and 
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industrial. Residential uses account for 60% of the Cw's total water use (The Crty 

of Winnipeg, 1994a). Of this. only I % is used for drinking. 20% is used for showen 

and 1 0% is used for bath . Toilet f l  ushing accounts for the largest percentage of 

indoor residentiai water use (32% for normal operation and 6% for leaks). 

Outdoor residential use is seasonal and dependant upon the weatkr. nomally 

accounting for 3% to 1 3% of annual water use but as high as 50% of the demand 

du ring peak days. Commercial water use is increasing at a rate of 0.5% per year 

while industrial water usage has been declining at a rate of approximately 3% per 

year (The City of W~nnipeg. 1994a). 

Winnipeg has been fortunate in that m water supply source. Shoal Lake. is of a high 

quairty such that treatment is not necessary (other h a n  the addition of chlorine for 

disinfection and fluoride for the prevention of tooth decay). However. due to the 

possibilty of future changes in water qualrty at the source. increasing aesthetic 

concems about water qualrty. trends towards higher water qualrty standards 

established by regulatory bodies, and increased public heakh protection. it is 

expected that the City will eventually be faced with treating its water source (The 

City of Winnipeg. 1994a). Additionally, due to Winnipeg's growing population and 

a growing per capita water consumption. it has been suggested that at some point. 

Winnipeg's water demand will exceed the abilrty of the Shoal Lake Aqueduct to 

Page 2 
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convey M e r  to the crty resuking in the need to find supplemental supply sources. 

These supplemental sources may not have as high a qualrty as Shoal Lake and 

treatment may be necessary (City of Winnipeg. 1994a). 

A water treatment system would resutt in a significant expenditure for the City in 

ternis of both caprtal costs for developing a treatment facilrty and annual corn for 

water treatment. The Crty's Regional Water Supply Conceptual Planning Study 

( 1 994a) indicates that the projected cost for a treatment plant for the existing water 

supply is approximately $185 million and annual operming and maintenance costs 

would be in the order of $7 million. In addition. signifiant corn would be involved 

with providing a supplemental water source to meet tising demands. 

Because only a small fraaion of Winnipeg's water supply is used for drinking and 

washing. purposes that demand a potable qualrty, a significant waste is seen from an 

economic and urban management standpoint in using potable water for al1 uses. If a 

lesser qua@ water were used for such purposes as toilet flushing and perhaps 

landscape imgation. savings in future water supply and treatment costs could be 

realized. 
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Water Use in Buildings 

Water use within buildings c m  be divided into two categories: those uses that 

produce blackwater and those that produce greywoter . Generally. blackwater is the 

wastewate r generated by toilets. kitchen si nks and dis hwas hers while greywater is 

produced from baths. showers. clothes washers and lavatories (Austin, Crty of. 

1995). In addition. blackwater may contain industrial waste streams. In conventional 

buildings. blackwater and greywater streams are combined to f o m  one waste 

stream and then disposed of via sewers to central treatment plants. 

By keeping blackwater and greywater streams separate wrthin buildings, the 

opportunity for reusing greywater on-site is introduced. Depending on the 

panicular building. possible reuses for greywater include toilet flushing and landscape 

irrigation. 

1.3 Greywater Reuse: A Strategy For a More Efficient Built Environment 

From an urban planning and management standpoint. the reuse of greywater within 

buildings has many advantages including increased building efficiencies, water 

conservation and a redudion in municipal water treatment and supply costs 

(California. State of. 1994b). For the C i  of Winnipeg. greywater reuse, if applied 

broadly. has the potential to delay or eliminate the need for a supplemental supply 
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source and to reduce futare water treatrnent costs. Additionally. the potenbal exim 

for a reduction in wastewater treatment and disposal costs due to a srnaller overall 

volume of wastewater geneated. Ultimately. the introduction of greywater reuse 

into the buik environment could create more efficient uhan  centres in the context 

of both economics and resource management. 

Retrof~ of existing buildings also has the potential to create more efficient urban 

centres and to provide an effective strategy for urban redevelopment. Ches have 

huge investments in their existing building stocks. Through renovation and retrofrt. 

older buildings c m  become more efficient and more economically viable while 

mainta-ning their historical and cuttud role wrthin the fabric of the city. The 

advantage of retrofrt as an urban redeveloprnent strategy is that it improves upon the 

existing buik environment nther than abandoning or demolishing older buildings. 

Great potential exists for improving the efficiency of the existing buik environment. 

Through retroffi with greywater reuse systems, existing buildings cm be made to 

use water more efficiently and responsibly. resulting in water conservétion and 

decreased municipal water treatment and supply costs. In addition. by invesbng in 

and making improvements to existing buildings, their usehl life is extended. 

Ultimately, this reduces the need for construction of new buildings and represents a 
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further conservation of resources and even greater effeaiveness in urban 

management. 
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2. PURPOSE AND OBJECTIVES 

Planners play an instrumental rote in any urban redevelopment scheme. They must 

assess the opportunities and constraints of a given redevelopment possibility to 

enable infomed decision-making with respect to whether redevelopment is feasible 

and what type of redevelopment is needed. 

Planners make use of various tools in order to provide effective planning. Traditional 

planning tools include zoning by-laws. development plans and building codes. 

However. the complexrty of urban redevelopment demands that planners be 

versatile and able to apply their skills outside the domain of traditional planning. 

Planning tools are needed to enable planners to deal with specific issues and 

opportunities for uhan redevelopment. A planning tool could be created to 

facilitate the evaluation of exisbng building environments with respect to their 

surtability for retrof~ with greywater reuse systems. Such a tool is needed because 

before a greywater reuse system can be designed for a particular building. it is first 

necessary to determine whether the building is appropriate for retroft wrth a 

greywater reuse system. An exploratory tool which identifies protocols for pre- 

design assessrnent would provide a defined method for assessing specific 

Page 7 
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opportunities and constraints to greyater reuse retrofit and a decision-support 

system for assessing the feasibilrty of greywater reuse retrofa of exisbng buildings. 

The purpose of this projea is to provide a concise background to greywater reuse 

technology and develop an opportunity/constraint analysis method consisting of 

protocols for pre-design assessment of feasibtlity of greywater reuse retroft for 

partkular buildings. To be used as a tool in the planning stages of a greywater reuse 

scheme. this analysis method will consist of a set of assessment cnteria for 

determining the appropriateness of this type of water conservation strategy to 

existing building environments. 

The objeaives of this study are as follows: 

(i) to examine the curent "state-of-the-art" in greywater reuse technologies; 

( i i )  to identifj protocols for pre-design assessment of feasibility of greywater reuse 

retrofrt in urban redevelopment; and 

(iii) to develop an oppominrty/constraint analysis method in a format which 

presents the protocol identified as a convenient tool for planners considering 

the retrofp of exidng buildings with greywater reuse systems. 
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3.  OVERVIEW AND BACKGROUND TO GREYWATER TECHNOLOG( 

This chapter provides a summary of the literature review conducted on greywater 

technology including definitions of greywater and greywater reuse. reasons for 

separating and reusing greywater. necessary precaubons. treatment options and 

possible reuse alternatives. 

3.1 Greywater 

Conventional plumbing systems within cities combine al1 of the wastewater streams 

wrthin a building into one common Nearn. This cornbined wastewater stream is 

then disposed of via sewer systerns to central treatment plants. Although combining 

al1 wastewater streams into one common strearn has been the dominant pracbce for 

the plumbing of modem buildings, this rnethod of dealing wrth wastewaters 

generated within buildings does not consider the mrying levels of contamination and 

the different constituents which make up the vanous wastewater flows which 

otiginate inside buildings. 

Wastewaters originating from within buildings can be divided into two generai 

categories: blackwater and greywmer . Generally. blackwater is the wastewater 

generated by toiles, kitchen sinks. and dishwashers while greywater is the 

wastewater produced from baths, showers. clothes washers. and bathroom sinks or 
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lavatories (Austin. Crty of. 1995). In cases in which induNial wastewaters are 

generated within a building. these wastewaten are considered as part of the 

blackwater. 

It should be noted that within the literature. grepvuter is spelled differently by 

different authon. Some use the English "grey" while others use the American "gray". 

Addibonaliy. it may be presented as erther one word or two words. Furthemore. 

in the definition of greywater. some authors include water from kitchen sinks. 

However, most authors indicate that wastewater from kitchen sinks should be 

excluded from greywater due to the presence of microorganisrns which cause food- 

borne and water-borne diseases. For the purposes of this report. the definition of 

greywater will be taken as presented earlier and will not include wastewater 

originating from k i e n  sinks. 

3.1 . 1  Differences Between Greywater and Blackwater 

Greywater differs from blackwater in several ways which suggest that the bvo types 

of wastewaters be treated separately d e r  than combined in the manner of 

conventional wastewater treatment systems. First. greywater and blackwater differ 

in the relative rate of decomposition of pollutants observed for each. The polllrtants 

in greywater decay very rapidly in cornparison to the pollutants in blackwater. This 
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is due to the difterences in composition of greywater and blackwater. The major 

constrtuents of greywater are typically sugan. starch. proteins. and fats. These are 

more readily available to decomposing microorganisms than the organio in 

blackwater and thus. greywater decomposes more rapidly than blackwater 

(Rockefeller. 1994). 

A second difference between greywater and blackwater is the relative sources of 

nitrogen for each. The nitrogen in greywater tends to exist in more complex and 

less soluble forms than those found in blackwater and is therefore. less polluting than 

blackwater (Rockefeller. 1994). 

Third. greywater and blackwater differ in their relative potentiai for pathogen 

concentrations. "Greywater does have the potential to  contain pathogenic 

organisms. but to a considerably lesser extent than combined wastewater" (i.e.. 

greywater and blackwater) (Fogel. 1 979). 

3.1.2 Constituents of Greywater 

The  chernical and biological composition of greywater varies greatly. based on 

numerous factors including the original qualrty of the water coming into [the 

building], the personal habits of the [building's occupants]. which plumbing fixtures 
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are connected to the system. and the soaps used" (California. State of, 1994b). "The 

primary constrtuent of greywater, of course. is water. Other corn ponents including 

soaps. detergents. oils. and flecks of dead skin. give greywater rts biological and 

chernical characteristics" (Wilson. 1995). The main components of greywater. as 

descri bed in W~lson's Using Groywater For Landscope Irrigation . are as follows: 

(i) Microo~anisms - and Pathoeens. Pathogenic organisms indude bacteria. 

vinises. and protozoa. The risk of contamination in water systems is 

measured using indicator organisms which generally exia in similar conditions 

as the more dangerous pathogens. Fecal colifom and enterococci bacteria 

are the most commonly used indicator organisms. The primary source of 

these microorganisms is human feces. butthey can be found in greywater as 

well. 

(ii) Biochemical Oxypen Demand (BOD). This is a measure of the concentration 

of decomposable organic matter in water based on the q u a n v  of oxygen that 

would be used up as the organic matter is decomposed by microorganisrns. 

The BOD of greywater is often higher than that of blackwmer because the 

organic matter in greywater is more readily decomposed (Lindstrom. 1992). 

(iii) Sus~ended Solids. These are any solids that are suspended in the wzirtewater. 

Greywater usually contaj'ns less suspended solids than blackwater. 
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(iv) Nutrients. The two primary nutrients are nitrogen and phosphorus. Nitrogen 

ievels are usually higher in blackwater than greywater while phosphorus is 

found in higher levels in greywater (due to the presence of detergents 

containing phosphorus). 

(v) Sab and d e r  Chemicals. These are usually present in greywater due to 

soaps and detergents. 

3.1.3 SourcesofGreywater 

As previously idemfied. the primary sources of greywater are washing machines. 

showers. tubs. and bathroom sinks. (However. this may vary depending on the 

particular uses of water for the building in question.) 

Greywater produced from wrishing machines can be expected to contain a medium 

concentration of soaps and lint. However. laundering diapers will dramaticaily 

increase pathogen levels. W~ respect to greywater produced from showers and 

tubs. consideration must be given to the accumulation of hair as it can cause 

problems for pumps. Generally. concentrations of soap are minimal and shampoo is 

of Ide concem. Greywater onginating from bathroom sinks can have high 

concentrations of soap. shaving crearn. and toothpaste. Pathogén levels in 

greywater originating from bathroom sinks should be considered. 
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The amount of greywa-ter typically produced from washing machines. showers. tubs 

and bathroom sinks can be estirnated by using the figures shown in Appendix A. 

Greywater Reuse 

Greywater r e m  refers to reusing greywater for a purpose other than that for which 

it was onginally used. For example. greywater may be collected from bathroorn 

sinks. baths. showen. and clothes washers and then reused for toilet f l  ushing or 

landscape i~gat ion. Greywater reuse is not the same as greywuter recycling in 

which greywater is used over and over for the same purpose. ' M i l e  water reuse 

would refer to  the reclamation of a wastewater and hs subsequent use for a different 

purpose. water recycle would involve using reclaimed wastewater for the same 

purpose" (National Research Councii, 1 986). 

Reusing greywater is not a new concept. Rather, greywater reuse systems have 

been used inforrnally for a long tirne (Austin. Crty of, 1995; Linddrom. 1992). The 

French were among the first to recognize the benefa of separatjng greywater from 

blackwater. They utilized separate collection systems and different types of 

treatrnent for greywater and blackwater (Winne berger. 1 974). 
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3.3 Reasons For Separation and Reuse of Greywater 

In the early stages of conventional sewer and septic system design. "lavatory drains 

were plumbed in [to sewage disposal systems] as an afierthought because it was 

quite handy to do so" (Clivus New England. 1994). Since then. this method of 

combining al1 wastewater flows originating within buildings has become the standard 

for the design of plumbing systems and for the handling of al1 wastewaters generated 

wrthin buildings. Despite this, however. there are many reasons for keeping 

greywater and blackwater separate and for reusing greywater on-site. 

Reason # I : Water is a Reusable Substunce 

The first and perhaps most basic reason for reusing greywater relates to the reusable 

nature of water. "Among [water's] critical properties is that it is an inert solvent and 

does not undergo chemical change from the effect of the substances it dissolves. It 

can. as a consequence. be reused repeatedly (Todd & josephson. 1994). 

Reason #2: Diferences in the Composition of Greywater and Blackwater 

Because of the differences in their physical. chemical and biological properties. 

greywater and blackwater should be kept separate and treated and/or reused 

according to the individual charactetisûcs of each. For example. because the BOD 

of greywater degrades much more readily than the BOD of blackwater. one would 
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expect greywater and blackwater to respond differentiy to different treatment 

alternatives. In addition. because the nitrogen found in greywater tends to be in a 

less polluhng forn ?han blackwater and because greywater typically contains fewer 

pathogenic microorganisms than blackwater. it would seem that greyivater would 

have more reuse potentiai than blackwater. 

Reason # 3 : Water Conservation 

Akhough water conservation presently may not be seen as an issue in some 

communities. water supply shortages are expected in the near future (USEPA. 

1992). Through pollution and waste, clean water is growing scarce the wodd over 

(Clivus Multrum Canada). Meanwhile. demands for water continue to grow as 

trends towards urbanization persist (USEPA. 1 992). "Water reclamation and reuse 

has become an attractive option for conserving and extending available water 

supplies. ... The use of reclaimed water for nonpotable purposes offers the potential 

for explorting a 'new' resource that c m  be substituted for existing sources" (USEPA. 

1992). 

Reason #4: Cost &in= 

When greywater is reused in a building. less water is drawn frorn outside sources to 

meet the demands of the building. Similady. less wastewater is produced and 
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disposed of extemaily when greywater reuse systems are in place. By reusing 

greywater on-site. savings can be realized in water and sewer bills. (However. it is 

noteu that savings must be balanced against capital and operating and maintenance 

costs.) 

Reason # 5: Reduced Suain on Satic Fields and Treotrnent Plant. 

When greywater from a building is reused. the only wastewater disposed of 

extemally is blackwater. This resub in a reduction in the quantrty of wastewater to 

be deait with and therefore. less strain is piaced on septic fields and treatment plants. 

In addition. opeiating costs associated wrth wastewater treatment and disposal are 

reduced and the need for building new treatment and disposal infmtnicture is 

lessened. 

Reason #6: More mcient Building Environmen tfiystematic Functioning 

By reusing greywater wrthin buildings. better use cm be made of the water entering 

the building, thereby increasing the overall eficiency of the building environment. In 

addition. like in natual systems. buildings can begin to operate in a systematic and 

efficient manner. "1 n natu rai ecosystems. mate riais cascade endlessly through an 

intriate web of interrelated cycles ... the waste products from one step are the raw 

mate rials for the su bsequent steps" (Ludwig. 1 989). By reusing greywater on-site. a 
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cyclical process c m  be established wrthin the building environment in which the 

wastewater from one source (such as bathrwm sinks) can become the influent for 

another water use (such as toilet flushing). In this way. buildings can hegin to 

function more like natural systems. 

Reosons S ~ c f i c  To The Reuse Amlication 

In addition to the seven reasons identrfied above. there may be reasons specific to  

the particular uses to be made of the grepvater. For example. in the case of reusing 

greywater for landscape irrigation. additional reasons would indude making use of 

the nutrients which are contaned wrthin greywater and drought-proofing the 

landscape (Ludwig. 1 994). 

For a paacular building environment. the relative importance of the reasons 

identified above for reusing greywater is a faaor of the econornic. environmental. 

and political climate w ~ i n  which the building exists. However. most of the issues 

that are imbedded wrthin these reasons (such as water conservation. con savings. 

improved efficiencies and sensitivity to naturai cycles) are becoming increasingly 

vaiued wrthin society. "Today and in the future. legislative requirements and intemal 

cost-reduction policies will promote conservation/ recycling projects and wastewater 
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minimization. Limited freshwater supply, more stringent environmental regulations 

and spiralling costs drive conservation and reuse trends" (Goldblatt. 1 993). 

3.4 Precautionary Measures To Ensure Safe Reuse of Greywater 

Various precautionary measures can be taken to minirnize the possibilq of creating a 

hazard with the reuse of greywater. The following is a summary of precautionary 

measures which should be taken to ensure the safe reuse of greywater: 

Measure # 1 :  Systern Idenuficotion 

Ail componem of a greywater system should be clearly marked wrth waming labels 

indicattng the presence of dangerous water (Califomia: State of. 1 994b). The 

purpose of this is to avoid cross-connections between greywater pipes and fresh 

water supply lines. 

Measure #2: BocMow Prevention Devices 

The srjtem should t e  insfalled with appropriate backflow preventi-on devices 

(Tchobanoglous & Burton. 1 99 1 ). 

Measure #3: No Storuge of Unveated Gre-ywater 
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Because greywater contains a high reacbon rate. it will quickly use up al1 of rts oxygen 

and become maerobic if stored in a tank (Lindstrom. 1992). As a resuk. untreated 

greywater should not be stored for any length of time. 

Measure #4: butine System Monitoring and Maintenance 

As a precaubonary measure against srjtem malfunctioning, routine monitoring and 

surveillance of the system should be provided for (USEPA. 1992). An appropriatz 

qualrty control program should be established at the onset of implementation of the 

greywater reuse system . 

Measure # 5: Proper Staff Training - 

Staff should be properly trained to ensure the operations. maintenance and 

inspection of the system (USEPA. 1992). 

Measure #6: Basic Cornmon Sense 

Finally. basic common sense should be used where greywater reuse systems are in 

place. For example. the State of California ( 1994b) suggem the following common 

sense guidelines: 

do not drink greywater 

do not allow playing in greywater 
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do not mix greywater with potable water 

do not allow anything that may be eaten to come into contact wrth greywater 

do not allow greywater to pond on the surface or run off the property 

"The qualty of grejwater and rts reuse application will define the appropriate 

guidelines to reduce health risks associated with potential exposure" (Rose et al. 

199 1 ). Thus, again. a site-by-site approach is necessary to determine and prevent 

any potemai risks that may be associated with the reuse ofgreywater. 

3.5 Treatment Options 

Prior to reuse, the greywater will have to be subjected to a surtable treatment 

process. Additionally. if the greywater is to be stored for any length of time. it 

should be treated to prevent the occurrence of anaerobic conditions. Possible 

treatment options include aeration, sedimentation. actihted sludge. filtering, reverse 

osmosis. disinfection and solar aquatics. 

3 .S. 1 Aetxtion 

Aeration involves introducing oxygen into the greywater. lncreasing the oxygen 

content of greywater is favourable beause it prevents or delays the onset of 
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anaerobic conditions. This would enable the greywater to  be stored in a tank 

without the occurrence of anaerobic conditions. 

3.5.2 Sedimentation 

Sedimentation involves the use of holding tanks in which suspended particles are 

allowed to settle out. In conventional wastewater treatment. when particles are tao 

small to  settle out in a reasonable length of tirne. chernicals are added to the 

wastewater to promote coagulation of the particles into larger masses that will settle 

out more quickly. Sedimentation tanks also provide an ideal location for manual 

~ reen ing  devices. 

3.5.3 Filtering 

The purpose of filtering is to remove large particles. hair. lint, grease. etc. Generally. 

two types of filteers may be used: screen filten and sand or grave1 fiiten. Typically. a 

screen filter is used before allowing greywater to enter a holding tank. Gravel fikers 

can be used pnor to sub-surface disposal of greywater and prior to imgating a 

greenhouse (fogel. 1 979). 

An example of a sand/gravel filter for treatment of greywater is the "soilbox" 

manufactured by Clivus Mukrum. The bottom layer of the soilbox contains a layer 
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of polyethylene acbfill or pea grave1 to provide effective drainage. A layer of plastic 

mosquito-netûng on top of the a d l l  prevents the next layer of coarse sand from 

falling through. On top of the coarse sand is a layer of normal concrete-mix sand. 

The top two feet consist of humus-tich top soi1 (Lindstrom. 1992). These soilboxes 

are planted with surtable plants and may be used in greenhouses. 

3.5.4 Reverse Osmosis 

Reverse osmosis is a water treatment alternative which is capable of filtering out 

extremely small particles (0.000 1 mm) and dissolved satts. It has been used for 

purifying and treating liquids from industry as well as producing drinking qualrty water 

from brackish or sak water in developing countries. It is noted that at the present 

time. cost may present an obstade for an on-site application of reverse osmosis for 

treatment of greywater. However. research of reverse osmosis is continuing to 

evolve and ts use for different types of water treatment applications is likely 

(Archambauk. 1 997). 

3 S.5 Activated Sludge 

Activated sludge uses biological processes to remove suspended matter and reduce 

the dissolved organic content. In addition, these processes reduce pathogen 

content. heavy rnetals and radionuclides and stnp volatile organic chernicals and 
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radon if present. Basically. acbvated sludge makes use of micrwrganisms which use 

the wastewateh organic content as a food supply. converting them into biological 

cells. However. activated sludge may not be an appropriate treatrnent option on an 

indidual building bais due to issues of scale and operating cornplexnies. Activated 

siudge may be a more appropriate alternative in the case of treating greywater 

generated from several buildings. 

3 .S.6 Disinfection 

Disinfecbon involves destroying the harmful bacteria and viruses within a substance 

and is necessary as a public h e m  safety factor and to iimit biofouling in the system. 

"The disinfection of wastewater is usually required where portions of the effluent 

may corne into contact with humans" (Peavy et al.. 1985). In evaluating disinfeaion 

alternatives. the following factors should be taken into consideration: 

effectiveness and reliabilrty; 

caprtal, operating, and maintenance costs; 

ease of application and control; 

safety; and 

potentiai adverse effects such as toxicrty to aquatic life or formation of toxic or 

carcinogenic substances (USEPA, 1992). 
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Common wastewater disinfectants include chlonne, ozone and uttnviolet light. 

Chlorine is currently the most common disinfectant for both water and wastewater. 

The major advantages of chlorine are rts "cost-effectiveness, rts reliability, and rts 

eficacy against a host of pathogenic organisms" (Nabonal Small Flows. Fact Sheet). 

Common applications include disinfecbon of pathogens and prevention of 

waterbome disease as well as control of odors. algae, %es, sludge bulking and 

foarning; prevention of septicrty and filter ponding: improving grease and scum 

removal: and destruction of cyanides and phenols (in industrial wastewaters). 

Hazards associated wrth the use of chlorine include rts toxicity to aquatic, estuarine 

and marine organisms; its potential toxicrty when inhaled: risks associated wtth rts 

transport; and the highly corrosive nature of chlonne gas and hypochlorrtes. 

Ozone is a highly effective alternative to chlonne disinfection. Ozone has been 

considered to be "more effective as a bactericide and vimcide than chlorine" (Small 

Flows ... Fact Sheet). The process does not resuit in a residual being left in the water 

and by-products are considered minimal and much less detrÎmental than those 

generated through chlorination (National Srnail Flows.. . Fact Sheet). Ozonation 

contri butes dissolved oxygen to  the water and can reduce BOD. COD. color and 

odor. The effectiveness of ozone is enhanced wrth fikration. 
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Ultraviolet (UV) light disinfecbon is another alternative to chlorine disinfection. UV 

disinfecbon "... is a physical process. relying on the absorbante of UV energy by the 

genetic material of the cell (DNA and RNA). The damage it causes results in the 

inability of the cell to replicate" (Small Flows. ..Fact Sheet). W disinfection typically 

involves the use of a standard low pressure mercury arc germicidal lamp and is 

cornpmtively inexpensive, safe (Le.. it does not form chlorinated hydrocarbons) and 

well established method of disinfeaion (USEPA. 1 992). The performance of W 

disinfeaion is further enhanced wrth filtration (Darby et al., 1993). UV disinfecbon 

has been proven to be a highly effective means of disinfecbon. consistently achieving, 

for example. disinfection cnteria set out in the California Wastewater Mamation 

Cnteria (Darby et al.. 1 993). These cnteria are considered to be typical of heakh- 

related standards in industriaiized countries (Smith & Walker. 1992). 

3.5.7 Solar Aquatics 

Solar aquatic technologies make use of plants. sunlight and natural biota in the f o m  

of arbficial wetlands and greenhouse systems (CMHC. 1993). 

An artificiai or constnicted wetiand is "a man-made. engineered. rnarsh-like area 

designed and constructed to trem wastewater by attempting to optimize physical. 

chernical and biological processes of natural wetiand ecosystems" (Choate in Fischer. 
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1993). The advantages of constmcted wetiand treatment of wastewaters are 

"relatively low captai and operating COS. more consistent cornpliance wrth permit 

requirements and greatly reduced operabonal and maintenance costs" (Fischer. 

1993). 

Conaniaed wetlands use aquatic plants and organisms to process wastewater. 

"Aquatic plants possess an outstanding abilrty for assimilating nuttients and creating 

favorable conditions for microbial decomposition of organic matter" (Brix & 

Schierup. 1989). In addition to the complex variety of biologicai. physical and 

chemical processes associated with aquatic plants and organisms. constnicted 

wetlands aiso make use of the processes of sedimentation. absorption and 

preci prtation. 

There are MO types of constnicted wetlands: free-water sy;tems and subsurface 

flow systerns. Free-water systems are similar to  natural marshes. These systems 

contain a sub-surface water bamer such as clay to prevent groundwater infiltration 

and consist of shollow depths in which the water surface is exposed to the 

atrnosphere, low flow velocities and emergent vegetation (Fischer. 1993 and Reed 

& Brown: 1992). Subsurface fiow systems are also refemd to as the root zone 

method. vegetated submerged beds O/SB), rock reed filters. microbial rock fiiters 
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and hydrobotanicai systems. A subsurface flow systern or rwtzone treatment is 

typically achieved with a one metre deep basin which is sealed wrth clay or a 

synthetic lining to prevent percolation to groundwater. The basin is filled with a 

sumble soi1 and then planted wrth reeds. Wastewater is nin through the root zone 

soil. Biological acttvrty in the soi1 is enhanced by the high oxygen content provided 

by the plants. The microorganisms in the soi1 eliminate the oganic compounds and 

other impunties contained wrthin the wastewater while heavy rnetals and 

phosphates are eliminated by means of chernical preciprtation (Daisk Rodzone 

Teknik). 

Both types of constnicted wetland systems have demonstrated effeave removal of 

biochemical oxygen demand. total dissolvea solids and fecal colifomis (Reed & 

Brown. 1 992). In addition. both have been reported to be reliable and con- 

effective methods for wastewater treatrnent wrth subsurface flow systems being 

considered particularly well-suited for smail srjterns and those in relatively close 

proximrty to  the public. Cnticisms of constnicted wetlands tend to focus on their 

performance with respect t o  ammonia levels. a limited capacrty for phosphofus 

remoml in subsurface flow systems and their performance in cold climates (Reed & 

Brown. 1992). Land requirements may present an obstacle. parthlady for 
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treatment on an individual building basis. It is noted that the performance of a 

treatment method in cold climates is very important in Winnipeg. 

The use of constnicted wetlands for treatment of municipal and industrial 

wastewaters has grown rapidly since 1 980. wrth most of this growth having 

occurred since 1988. It was estimated that 150 constmcted wetland synerns were 

in operation in the United States in 1992 (Reed & Brown. 1992). 

3.6 Possible Reuses of Greywater 

"Many urban residential. commercial. and indusimal (water) uses cm be satistied wrth 

water of less than potable water qualrty" (USEPA. 1 992). The possible uses for 

reclaimed greywater will depend on the particular building for which the system is 

being considered and the qualrty of the greywater produced on site. k a result. the 

uses to be made of greywater mus be determined on a srte-by-site basis. 

However. the possibilities for reusing greywater include such purposes as landscape 

irrigation. toilet flushing. heating/cooling, and various industnal uses. Eacb type of 

use will have rts own set of requirernents relating to performance. health. and 

environmental considerations and will have to comply wrth various regulatory 

measures. 
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3.6.1 Landscape Irrigation 

When used for irrigation. greywater helps to promote plant growth. This is due to 

minute amounts of nutrients wnhin greywater including phosphates from detergents. 

dirt from laundry and protein from the cells of dead skin and rinsed-off body oil 

(Kourik. ; 988). 

Greywater is naturally purified by biological acbvrty in top soil. "Soil rnicroorganisms 

break down organic contaminants (including bactena, vimses. and biocompatible 

cleanerj) into water soluble plant nutnents. Plant roots take up these nutrients and 

most of the water" (Enviro-Management & Research. I nc. in Los Angeles. City of, 

1992). 

"Most authors recornmend subsurface irngabon wrth gray d e r  and advise agarnst 

surface application. This is due to the potenW presence of viruses and pathogens in 

gray water. Aiso. it is generally recommended that gray water should not corne into 

contact with the edible portion of fruits and vegetables. be dlowed to colled on the 

suhice of the ground. or to run off the property" (Los Angdes. C i  of, 1992). In 

addition. greywater should be applied at a shallow depth so that d is am'labie to 

plant roots and soi1 microorganisms and it should be applied at a low rate so that the 

soi1 does not become saturated (Austin, Crty of, 1990). 
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3.6.1 . 1 Components of a Greywater System For Landscape Irrigation 

Before using greywater for imgation. it is generally recommended that it be fikered 

to remove large fibers and hair. In addhon to a suitable f i k ing  device. a greywater 

system for landscape irrigation should consist of a plumbing system made up of pipes 

and valves to bring the greywater out of the building. a surge tank to temporanly 

hold large drain flows. a pump to move the water from the surge tank to where it 

will be used. and an imgation system to move the water to the plants (Califomia. 

State of. 1994b). 

3.6.1.2 Maintainhg Healthy Soii and Plants When lmgating Wh Greywater 

In order to maintain heakhy soils and plants when imgating with greywater. careful 

consideration must be given to the types of substances allowed to corne into contact 

wrth the sources of greywater in the building. For example. it is recommended that 

iiquid detergents be used rather than powders because most powden are very high 

in sodium and s a b .  It is also recommended that chlorine bleach, cleaning products 

containing boron, and caustic drain cleaners be avoided (Wilson. 1995). 

Additionally. it is suggested that detergents which advertise whitening, softening. and 

enzymatic powers and cleaning products containing peroxygen. sodium perborate. 

petroleum distillate. alkylbenzene. or sodium trypochlonte be avoided if greywater is 

to be used for landscape imgation (Califomia. State of, 1994b). 
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Appendix B identifies elements often found in common household products which 

should Se limited when imgating wrth greywater. 

3.6.1.3 Plants Unsuitable For lmgation Wk Greymter 

Some plants are better suited to imgation wrth greywater than others. Generally. 

shade-loving and acid-loving plants do not respond well to  imgation wrth greywater" 

(California, State of, 1994b). Appendix C contains a list of plants that are not suitable 

for the alkaline conditions associated with greywater imgation. 

3.6.1.4 Plants Suitable For lmgation W h  Greywater 

Fruit trees. groundcoven, and ornamental trees and shnrbs can safely be inigated 

with greywater. A list of plant species that should respond well to greywater 

irrigation are included in Appendix C. 

3.6.2 Toilet Flushing 

Traditionally. toilets hüve been flushed wtth potable water. However. toilet flushing 

does not require water of potable quality (i.e.. water safe for drinking). As a resuit. 

large quantities of dnnking-qualtty water are continuously wasted by the flush toilet. 

By using greywater to Rush toilets. the qualrty of water is more adeq uately matched 

to the purpose of the use and valuable drinking-quality water is conserved. 
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Before greywater is used for flushing toilets. filtering may be necessary to remove 

parùcles such as hair. tint. grease. etc. The purpose of this is to ensure adequate 

flushing actj-on and guard against undue Wear cm the toilet's flushing mechanisms. 

The addition of a colored dye to greywater which is to be reused for toilet Rushing 6 

suggested as a means of identiving that it is greywater and indicating that the water 

may be unsafe (CMHC. 1993). 

Water to be used for toilet flushing is typically subjected to minimum odour and 

staining requirements. This suggests that manganese, iron and copper limits rnay be 

necessary. In Advancing the Lieht - Grey Ohon: Making Residentid Grewater 

Reuse Happen, CMHC ( 1993) recommends that the lima shown in Appendix D 

be followed for toilet flushing. 
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4. A R E V I N  OF GREYWATER REUSE IN PRACTICE 

This chapter provides a review of the practtcal side of greywater reuse as identified 

from the review of literature. Implernentation issues associated wrth greywater reuse 

technology are identified and examples of practical applications of wastewater and 

greywater reuse are provided. 

4.1 lmplementation Issues 

Though greywater reuse may offer many advantages including water conservation. 

savings in water supply and treatment c o s .  more efficient building environments. 

and reduced drah on septic systems and wastewater treatment plants. there are 

several important issues which must be considered before implementing such a 

system. In particular. concem mud be given to public h e m  protectton. prevenûon 

of environmental degradation. avoiding public nuisance. meeting user requirements. 

regulatory compliance. cost and public acceptance. It is noted that these issues q p l y  

to  wastewater reuse in general as well as the specific case of reusing greywater. 

4.1 . I Public Heaith Protection 

"One of  the most criticai objeaives in any reuse program is to  assure that health 

protection is not compromised through the use of reclaimed M e r "  (USEPA. 1992). 
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Even though greywater does not contain sewage and Yypically contans only one 

percent or less of the microorganisms found in total wastewater" (Austin. City of. 

1 990). it can contam potentially dangerous microorganisms and thus. concern rnust 

be given to the possible heatth effects associated wrth reusing greywater. 

lndicator organisms are used to determine whether water or wastewater is 

contaminated with organisms which could be dangerous from a public heakh 

standpoint. 'The presence of Escherichia coli and other enteric organisms in water 

indicates fecal contamination and the possible presence of inteanal pathogens such 

as Salmonella or enteric viruses. Fecal coliforms are a pollution indicator and mây be 

used to assess the relative safety of greywater. Generally. a high fecal coliforni count 

is undesirable and implies a greater chance for human illness to develop as a resuit of 

contact during greywater reuse" (Rose et ai.. 199 1 ). 

To monitor a water reuse system for pathogen levels. the USEPA ( 1992) suggests 

continuous monitoring of the following factors: 

the sources contributing to the wastewater; 

the general heaith of the contnbuting population; 

the existence of "disease cames" in the population; and 
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the abilrty of infectious agents to survive outside their hosts under a variety of 

environmental conditions. 

"In practice. the health rkk of greywater reuse h a  proven to be minimal" (Ludwig, 

1994). However, protection of public heakh is ensured through the following 

precauûonary measures recommended by the USEPA ( 1 992) for safe reuse of 

reclaimed m e r :  

reduce concentrations of pathogenic bacteria. parasites. and entenc viruses in 

reclaimed water; 

control chemical constituentr in reclaimed water; 

limit public exposure to the reclaimed water; and 

treat the reclaimed water to a high degree where human exposure (through 

contact, inhalation or ingestion) is likeiy. 

4. I .2 Preventing Environmental Degradation 

Wnh respect to environmentai degradation. the main risks associated wrth a 

greywater reuse system would involve untreated greywater ponding on the surface 

of the ground or infiltratirtg into groundwater reservoirs. However. if the system has 

been designed such that a minimal risk exists with respect to public heaith (as 

identified above). the occurrence of erther of these smiations should be unlikely. 
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4.1.3 Avoiding Public Nuisance 

A public nuisance could occur if untreated greywater was allowed to pond on the 

stirface and then nin off the property into a neighbounng property. This would be 

of concem if the greywater was k i n g  reused for landxape irrigation. Again. 

however. if the greywater reuse system is designed such that a minimal nsk exists 

wrth respect to public heakh. the creation of a public nuisance should also be 

unlikely. 

4.1.4 Meeting User Requirements 

Most users will require the greywater to meet acceptable odour levels. However. 

user requirements must be established individually for each site. For example. the 

performance of a building's various operating systems (Le.. those involving water 

use) must be assessed with respect to their operation wrth a greywater reuse 

system. For example. an important consideration to be made is whether the reuse 

of greywater wrthin the building and the consequential reduaion in wastewater 

flows out of the building would affect the flow through municipal sewers. 

Another concem with respect to  meet i~g user requirements is the qualrty of the 

greywater produced wrthin the building environment. In particular, the quality of the 

greywater must be sufficient for its intended reuse. For example. if the greywater is 
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to be used for landscape irrigation. suitable treatment may be necessary to improve 

the qualrty of the reclaimed water. Additionally. if the greywater is to be reused for 

flushing toilets. an important consideration to be made is the effect of greywater on 

the toilet's Rushing mechanisms and thus. the qualrty of the reclaimed water may 

need to be improved through filtering or some other means of purification. 

4.1 .S Regulatory Compliance 

The following sources of law could raise issues for a water reuse plan: federal 

statutes. federal case law, state or provinc~al statutes. state or provincial case law and 

local ordinances (USEPA. 1 992). In particular. however. a greywater reuse plan for 

a building must confom wrth health. sewer utiltty by-laws and plumbing codes. 

Recent articles in prominent publications have suggested that regulatory policies 

which encourage water reuse are needed and that policy-makers should not create 

hardships for those using reclaimed water (Smith & Walker. 1994). Currently. 

however. mon jurisdicbons contain plumbing and other regulations which prevent 

the reuse of greywater. For example. the C i  cf Winnipeg's Sewer By-law (By-law 

No. 7070197) which was passed on July 24. 1997. contains no special provision for 

greywater. Greywater is considered wastewater and according to Section I I of the 

By-law. 
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For any building and/or land used or designed for human habrtation. 
employment. or recreation. or any building used for commercial or industrial 
purposes: 
(a) Wherein wastewater is generated. shall be connected to the 

wastewater sewer where available. If no wartewater sewer is 
available. wastewater shall be connected to a private wastewater 
disposal system subject t o  conditions as herein provided. 

However. Section 56 of the By-law states the following: 

No person shall construct. install. excavate, have or use any system of 
receivtng. treating. or  disposing of wastewater on any property located in the 
City wrthout a Private Wastewater Disposal System Permit from the Sewer 
utllrty. 

This suggens that in order to develop an on-site system for reusing greywater. it 

would be necessary to apply to the Sewer Utility for a Private Wastewater Disposa1 

System Permit. Section 62 of the By-law contains a provision which enables an 

applicant who is refused a Private Wastewater Disposal Systern Permit by the Sewer 

Vtilrty to appeal the refusal to the City's Committee on Works and Opemtions. The 

Committee may grant the permit if the proposed system is "compatible with the 

area. has no impact on adjoining property and adjacent area. has no potenbal for 

adverse public heaith consequences, has no adverse effect on the environment and 

complies with Crty health and zoning regulations." 

In some jurisdictions. the regulatory climate with respect to  greywater reuse appean 

to be changing. On November 9. 1994. the State of California amended its 
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plumbing code to include Appendix j - Grwuter  Systems For Single Family 

h I I i n g s  . A copy of this regulation is induded as Appendix E. This amendment 

legalizes the reuse of household greywater for landscape irrigation in California. In 

addition. many other states, including Arizona. Colorado. Conneaicut. Flonda. 

Hawaii. Kentucky. Minnesota. Montana. New Jersey. New York. Oregon. South 

Dakota. Texas. and Wyoming. have regulations specifying design cntena for separate 

disposal of greywater (National Small Flows Cleannghouse. 1 995). 

Anzona's regulations al low greywater from single and muki -family residences to be 

used for surface irrigation. Hawaii's regulations permit disposal of greywater via sand 

Citers. absorption trenches and beds. mounds or seepage prts or when disinfected. 

as irrigation water. Kentucky's regulations focus on laundry greywater and rts 

disposal in lateral beds or trenches. South Dakota's regulations specify design cntena 

for greywater systems in homes. cabins and other facilities and permit the reuse of 

greywater for toilet flushing. irrigation of lawns and areas not intended for food 

producbon or disposal in absorption fields. mounds or seepage pits. Texas' 

regulations permit subsurface disposal of greywater (National Small Flows 

Cleannghouse. 1 995). 
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National poiicies have also been introduced in lapan which encourage the reuse of 

wastewater and rainwater in large buildings (Smith & Walker. 1992). 

The International Plumbing Code contains provisions which deal explicrtly with 

greywater. It States that only greywater from bathtubs. showers and lavatones be 

reused and that the reuse purpose be restriaed to  fiushing water closets and utinals. 

Greywater must be collected in a closed and gas-tight reservoir and coloured wrth a 

vegetable dye (blue or green) before being supplied to Cxtures. G reywater enterhg 

the reservoir is to be filtered through a media. sand or  diatomaceous earth filter and 

disinfected by one or more disinfectants such as chlorine. iodine or  ozone. The 

collection reservoir must be equipped wrth an overflow pipe. vent and drain which 

connects to the sanrtary sewer. Potable water must be amilable as a source of 

make-up water. Sutfable bacldlow prevention devices must be in place. The 

resewoir and al1 piping must be identified as containing nonpotable water. 

A proposed amendment to the Bntish Columbia Plumbing Code would add a 

seaion entitled Recycled Woste Woter Systems in which recycled wastewater is 

defined as water recovered from black and greywater sources that has been treated 

and disinfected. lncluded in this amendment are specifications with respect to 
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testing. materials. piping and srjtern identification. location of s r j em components 

and contamination prevention. 

Public Acceptance 

Public acceptance is identified as a potential issue because people tend to oppose 

changes to the established way of doing things. However. the USEPA ( 1  992) has 

reported that " .. surveys over the last MO decades indicate a surprisingly large 

measure of public support for water reuse programs." Additionaily. Kasperson and 

Kasperson ( 1977) suggest that "...the prevailing levels of public acceptance of 

reclaimed water in Arnerican cities reveal widespread acceptance of lower-order 

(non-bodily contact) uses." 

Acceptance of greywater reuse can be promoted through appropriate public 

awareness and education Nategies such as distributhg informative matenal and 

holding public meetings wrth respect to the proposed greywater reuse plan. 

4.1.7 cost 

Cost is pet-haps the most important issue to be considered in the retrof& of an 

existing building with a greywater reuse system. In some cases, because of the 

magnitude of necessary changes to the building's operating systems. the capital cost 
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of the retroM may be prohibitive. In addition to capital costs. there are annual 

operating and maintenance costs to be considered. Specific items of caprtal and 

operating and maintenance o s t s  as well as other issues related to developing a 

preliminary cosûng estimate will be presented in Chapter 5. However. an in-depth 

examination of the costs associated w t h  retrofflfng an existing building for the reuse 

of greywater is beyond the scope of this midy. 

4.2 Examples of Water Reuse Applications 

There are many examples of successful wastewater reuse applications. 'Water 

reclarnation and reuse are widely practised ... both in industrialized and developing 

countries" (USEPA. 1992). "Throughout the world. wastewaters have been 

reclaimed for irrigation purposes for many years. There also have been instances of 

reclaiming wastewaters as a source for recreational ponds and for ground water 

recharge. Industries frequently use reclaimed wastewaters for cooling, quenching 

and washing operations. Further, reclarnation of wastewater for potable reuse in 

and countries or  areas where a water shortage exists has been investigated in the 

United States and elsewhere in the world" (National Research Council. 1986). 

The frequency and variety of successful wastewater reuse applications found in the 

review of literature suggests that the implementation issues identified above (Le.. 
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public health concems, preventing environmental degradabon. avoiding public 

nuisance. meeting user requirements. regulatcry compliance. public acceptance and 

cost) can be overcome. The following sub-sections provide examples of various 

water reuse applications. 

4.2.1 Examples of Combined Wastewater Reuse 

Reusing combined wastewater has often involved transporting the wastewater to  a 

centrai treatment plant and then redistributhg the reclaimed water to selecîed non- 

potable uses after it has been subrnitted to a suitable treatment process. Below is a 

sample of combined wastewater reuse projects that make use of a central treatment 

plant. 

In the Las Virgenes Metropolitan Water District in western Los Angeles. 

Cdifomia. combined wastewater has been treated at a near-by treatment 

plant and then redistributed for vanous non-potable uses including landscape 

imgation. highway greenbeks and landfills since the early 1970s. The sflem 

reuses approximately 50% of the wastewater produced and meets about 

20% of annual water needs (Schorr & Dewling. 1988). 

A dual distribution system was constructed in St. Petersburg. Flonda to provide 

potable water and fittered secondary effluent for fire protection and landscape 

and turf imgation. The system's construction was valued at a total cost of 
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approximately $104 million - $60 million for treatment up-grading. 

$37 million for distribution and $7 million for an alternative discharge systern to 

deep wells (Schorr & Dewling. 1988). 

In Riyadh. Saudi Arabia. the Petromin Oil Refinery uses 20.000 m3 per day of 

treated wastewater effluent from the Riyad h Wastewater Treatment Plant 

( R W P ) .  Approximately 75% is treated to produce high-qualrty boiler feed 

water. The rest is treated and used for crude oil desahg and cooling water 

and is available for fire fighting. The R W P  pumps the large* portion of rts 

effluent to the communities of Dirab and Dariyah for agricutural imgation. 

(The pumping station has a capacity of 120.000 m3 per day and on-line storage 

of 300.000 rn3 per day.) In addition. the RWWTP uses approximately 3.600 

m3 per day of effluent for landscape imgation O.M. Chansler. Water Reuse in 

fbyadh. Soudi Arabia . USEPA. 199 1). 

The Central Basin Municipal Water District implemented a water reclamation 

project which involves landscape imgation and industrial applications. The 

ukimate goal of the project is for 100.000 acre-foot of recycled water use 

(Sm& & Walker. 1994). 

At Wait Disney World in Florida, reclaimed water is used for golf course and 

landscape imgation in order to reduce demands on potable groundwater 

sources (Smith & Walker. 1994). 
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The City of Samota. Florida has a wastewater reuse program consisting of 

agricultud irrigation of a 12.000 acre ranch and Mree golf courses with future 

plans for imgation of two citms groves and an 850-acre cattle ranch (Smrth & 

Waiker. 1 994). 

From 1 932 until 1 985, wastewater treated at a nearby facilrty was used for 

watenng lawns and supplying ornamental lakes at Golden Gate Park in San 

Francisco. California (Tchobanoglous & Burton. 1 99 1 ). 

In Colorado Springs, Colorado. reclaimed municipal wastewater has been 

used for landscape irrigation of golf courses. parks. cemetenes. and along 

freeways since 1960 (Tchobanoglous & Burton, 1 99 1 ). 

On-site treatrnent and reuse of combined wastewaters has a!so been achieved. 

Some examples of on-site wastewater reuse are identified below. 

The Body Shop Canada's new Home Onice in Toronto contains an on-site 

wastewater treatment system using natud biological activities to treat and 

clean the wastewater produced within the facility. Constmcted at a cost of 

$58 per square foot ($624 per square metre). the office was buik ". . . for no 

more than the traditional way of building and operating office and 

manufaduring space" (The Body Shop Canada. 1 995). Usîng John Todd's 

"Living Machine" system housed in a 4.000 square foot greenhouse. a huge 
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variety of organisms from bactena and algae to higher plants. snails and fish 

reduce the nutrient and pathogen concentrations within the wastewater by 

breaking down and digesting them in a continuous food chain (Living 

Technologies). 

As a resuh of a sewer moratorium which restricted wastewater discharges 

from new developments to no more than 1.600 gallons per day per acre. the 

Alliance Bank and Trust Company in southwest Houston. Texas developed an 

on-site wastewater treatment and recycling system which provides reclaimed 

water for toilet flushing throughout the a 200.000 square foot, 12-story 

structure. W~ the system. sewer discharge is kept to a maximum of 1.000 

gallons per day with full building occupancy (J. Irwin. On-Site Wastewoter 

Reclomdon and Recycling , USEPA. 1 99 1 ). 

Due to a lack of sewer capacity, the Headquarters Park OR,ce Complex near 

Princeton. New Jersey which consists of four separate buildings totalling 

366.500 square feet has a wastewater treatment and recycling system which 

uses treated wastewater effluent as flush water for toilets and urinals. 

Wastewater volume was reduced by approximately 94%. A caprtll cost 

savings of mer  $250,000 was achieved and water use coa savings are 

estimated at $ 1  5,000 per year (Zenon Municipal Systems. Inc.. 1 995). 
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A study by the lMne Water Ranch Distnd in California investigated the cos& 

of using reclaimed wastewater for toilet flushing in high-rise office buildings. 

For the Koll Center. an I I -story, 249.000 square foot office building, it was 

concluded that 68% of the 24.000 gallons of water used daily for toilet flushing 

could be substrtuted by reclaimed water at a lower cost than buying potable 

water for the same purpose (Schorr & Dewling. 1 988). 

In 1985. the Squibb Corporation developed a 366.000 square foot office and 

research and development complex in Montgomery Township which 

incorporated a system for on-site wastewater treatment and recycling of 

redaimed water for toilet flushing (J . Irwin. On-Site Wostewuter Reclomation 

and Recycling . USEPA. 1 99 1 ). 

In Japan. reclaimed water has been used for toilet flushing, cooling water. 

landscape irrigation. car washing, cleaning and flow augmentation since the 

1970s. The reuse of reclaimed water for toilet flushing is mandated for 

buildings over 10.000 m2 (CMHC. 1993). 

A Canadian example of a combined wastewater reuse project is the CMHC 

sponsored Canadian Water and Energy Loop (CANWEL) of the 1970s. The 

aim of this project was to reduce the reliance of high-rise residential buildings 

on communrty services. As part of the project. combined wastewater 

generated wrthin a building was to be treated and reused for toilet flushing and 
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landscape irrigation. Prototypes were developed by the then Ontario 

Research Foundation ; however. field testing attempts to market CANWEL 

were unsuccessful (CMHC. 1 993). 

4.2.2 Examples of Greywater Reuse 

The following is a sample of several applications of greywater reuse technology. 

At the University of Bntish Columbia, the C.K. Choi Building. a 30.000 square 

foot office complex which houses the lnsitute of &an Studies. is not 

connected to the crîy's sewer system. Instead. it uses compost toilets and 

incorporates a subsurface wetland to cleanse greywater from the building using 

phragmite ( d l  grass) plants and reuse it for on-site imgation (Schooley. 1 994. 

City Famer, 1997). 

In 1992. the Crty of Los Angeles' Office of Water Reclamation completed its 

Gray Wmer Pilot Project to investigate residential greywater systems used for 

landscape irrigation. The study concluded that greywater imgation did not 

elevate heaith risks as long as sanitary practices were followed. It also found 

that the cost for a residential greywater system ranged from approximately 

$400 to $5.000 depending on system complexity and capabilities (Los 

Angeles, City of, 1992). 
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A system for treating al1 wastewater from washing machines and recycling the 

processed water for wash water was installed in 1 994 at the Cape Cod 

Laundry Center in South Yarmouth, Massachusetts. The systern processes 

1 2.000 gallons per day (Zenon Municipal Systems, Inc.). 

The Blue Spruce Park Visitots Center in Indiana is an example of an indoor 

greywater purification rjstem which uses a lean-to greenhouse (Como). 

The public washroom facitities at Peggy's Cove utilize a greywater reuse 

system in which the greywater is piped into the rooQone of planter beds 

where it is punfied. The effluent from the planter beds is then drained by 

grawty to an old holding tank which overflows to a septic field on the site (John 

K. Dobbs & Associates. 1 994). 

A system which combines both greywater and min cistem water for imgaûon 

of the entire yard was installed at the Arizona Public Service Environmental 

Showcase Home in Phoenix. Arizona in 1994 (Agwa Systems). 

In Big Sur, California, a greywater reuse system which collects 2.500 gallons of 

water per day and imgates 3.5 acres of surrounding landscape was installed in 

a 50-room hotel in 1 993 (Agwa Systems). 

The United States Army has expenmented with the reuse of shower and 

laundry water in order to reduce the burden of supplying water for military 

operations in desert areas (National Research Council, 1 9 86). 
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Ecolonia. a residential district in Alphen am den Rgn. Holland. consists of 

approximately 1 00 single-family dwellings which were buih to achieve energy- 

savings and to promote an awareness of the environment. Part of this design 

ethic included recycling d bath and shower water (Novem Sittard. 1992). 
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5. DNELOPMENT OF AN OPPORTUNITY/CONSTRAINT ANALYSIS 

METHOD FOR GRWATER REUSE RETROFIT OF EXISTING 

BUILDINGS 

Despite itr technical feasibilrty. greywater reuse is a relatively uncommon concept in 

Canadian cities. This is due largely to the public work, practice of combining all 

wastewaters generated wrthin a building into a common waste Stream and disposal 

via sewers or septic systems. Greywater separation and reuse presents a break 

from tradibon. a new paradigm in the design of wastewater handling systems for 

buildings. Greywater reuse retroffi of existing buildings presents an akemative urban 

redevelopment strategy having the potential for increasing individual building 

efficiencies and reducing municipal water costs associated wrth supply and treatment. 

To facilitate informed and effective decision-making regarding the suitabilrty of 

greywater reuse retrofrt for particular buildings. contained in this chapter is the 

development of a process for relevant data colleaion for pre-design assessment of 

feasibiliity. Relevant issues and necessary considerations related to renovating a 

building to reuse greywater. as gathered from the review of literature (Chapten 3 

and 4). are compiled into a planning tool which identifies protocols for pre-design 

assessment of greywate r reuse retrofit . These protocols. in effect . uncover s pecific 

opportunities and constraints to greywater reuse retrofa for particular buildings. 
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5.1 Protocols For Pre-Design Assessment 

Planning for water reuse (Figure I ) typically evolves through three stages (Woter 

Reuse Planning und Analysis . 1 990): 

I ) Conceptual Level Planning 

2) PreliminaryFeasibilrtyInvenig~on 

3 )  Faciliûes Planning 

Conceptual level planning involves s ketching out a potential projed and emmatmg 

rough costs. For preliminary feasibilrty invesbgation. specific information must first be 

collected in order to assess existing water supply and wastewater facilities and to 

develop appropriate water redarnation akematives. The facilnies planning stage 

involves detaded planning and design. 

This midy is concemed only wrth the data collection necessary for the second stage 

of water reuse planning, Le., the preliminary feasibility investigation stage. In 

particular. it is the intent of this study to i d e m  what spec~fic types of data must be 

gathered to enable a preliminary assessrnent of feasibility for greywater reuse retrofi 

of existing buildings. 
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Figure I : Planning for Water Reuse 

Stage 3 
Facilioes Planning 

From the review of literature. it would appear that there are three levels of 

information which should be examined in a preliminary assessrnent of feasibilrty: 

(i) planning issues related to the inskûonal or regulatory/policy environment: 

(ii) site specific information related to the building environment in question; and 

(iii) solution generation related to possible reuse options. 
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The following subsedons examine the above areas. idenûfying specfic issues and 

items of concem related to each. 

5.1 . I Planning Issues: The Institutional Framework 

In secbon 4.1, seven implementation issues related to greywater reuse technology 

were identrfied. h e  of these (Le., public heakh protedion. preventing 

environmental degradation. avoiding public nuisance. meeting user requirements and 

regulatory cornpliance) are addressed by specific are= of insbtutional or regulatory 

control. in particular, it is proposed that there are six aeas of instittrti.onal control 

affectjng greywater reuse retrofit: 

(i) Public HeaM 

(ii) Environmental 

(iii) Building/Plumbing Codes 

(iv) Sewer üttlrty By-laws 

(v) I nfrastnicture/Public Works 

(vi) Zoning 

Together these areas make up an innitutional fromewrk with respect to greywater 

reuse (Figure 2). 
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Figure 2: The Institutional Framework Wh  Resmct To G r e ~ t e r  Reuse Retrof~ 

Sewer Utility 
By-laws O 

Public acceptance and cost are both considered important implementation issues (as 

identified in Chapter 4). However. they drffer from the other five implemerrtation 

issues. as previously identhed. in that they are not deait wrth by any specific 

regulatory authonty or policy area. Public acceptance of a new technology is 

typically related to society's opinion of the value of tha technology and their 

willingness to accept change. Ps discussed in Chapter 4. various measures c m  be 

taken to promote public acceptance. Acceptable levels of cost are a factor of the 

COQ effedveness of the overall system and are detemined on a building-by-building 

basis. Con will be addressed in the third level of opportunities and constrants 

which will be discussed later in this chapter. 
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Through the review of literature and contact wth local professionals in each of the 

five areas of regulatory cmtrol. specific items of concem related io  each were 

identified. The following subsecbons examine the five areas further and identify key 

items associated wrtti each. 

5.1 . 1 . 1  Public Heaith 

In any water reuse scheme. public health mua be a primary concem. Appropnate 

steps must be taken to. first. understand the potenbai health nsk posed by the reuse 

scheme and second. to minimize the potential risk. From the literature review and 

through contact with local professionals. the most cntical items of concem from a 

public h e m  stand-point include the followtng: 

Bactena Content. Of particular concem are concentrations of Salmonella. 

Shigella and colifomis. Local regulations will Vary wrth respect to specific types 

of bacteria to be controlled and the concentrations considered acceptable. 

These should be detemined and conformed w&. 

Protozoa Content. Typicaily. concentrations of Entamoeba histolytica. Giardia 

lamblia and Cryptospondium are considered significant and must be 

maintained below the maximum concentratons ailowed by the local h e m  

authonty. Again. these will vary with the jurisdiction. 
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Helminth Content. (i.e., parasites) Local heatth authohes should be contacted 

for the maximum concentration dlowable. 

Vinises. Polio. hepamis A. Norwalk and rotavirus are of particular concem. 

Chernical Parameten. pH. sodium, chloride. calcium. magnesium. 

phosphorous. total s a k i  and any othen originating from industrial waste 

streams should be considered. 

Public EXDOSUR. The potential for body contact. inhalation and ingestion 

should be minimized. 

In the data collection stage of a greywater reuse system. the above items mua be 

considered in order to meet the requirements of the applicable public heatth 

regulations. 

S. 1.1.2 Environmental 

Another primary concem for a greywater reuse scheme is protecûon of the 

environment. From the literature review and through contact with local 

professionals. the most cntid items of concem from an environmental stand-point 

include the followi ng: 

Nutrient Levels. Local regulations will vary for dfierent junsdicûons. 
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Sa% Concentration. Again. local regulati'ons must be determined and 

conformed wrth. 

Ground/Surface Water Contamination. Appropriate measures must be taken 

to minimize the nsk of contaminating ground and surface water sources. 

Proper Storage and Dis~osal of Excess Water. Measures must be in place for 

safely storing and disposing of excess water. Infmtnicture for rouùng 

greymter to septic or sewer systems should be in place as a back-up disposal 

option. 

Plant Damage. If the greywater reuse scheme involves imgation. 

considention mus be given to the potential for plant damage. Proper control 

of nutrient and sait levels will minimize the risk of plant damage. 

The above items must be considered in the data collecbon stage of a greywater 

reuse plan. 

5.1.1.3 Building/Plumbing Codes 

To gain proper approMJ and authorization for a greywater reuse scheme. 

conformance must be made to l o d  building and plumbing codes. These are 

specfic to the jurisdiction in which the building in question is located. Local agencies 
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should be contacted during the data collection stage of a greywater reuse plan to 

ensure that codes are understood and met by any future design. 

5.1.1.4 Sewer ütilrty By-laws 

Sewer utilv by-laws must also be conformed with to gain approval for a greywater 

reuse system. Again, these by-laws are specific to the particular jurisdiaon and local 

agencies should be contacted during the dam collection stage. 

5. I .1.5 Infrastructure/Public Works 

Two types of infrastructure must be considered: on-site infrastructure which is 

integral to the operation of the greywater reuse system (e.g.. pipes. storage facilities. 

etc.) and infrastnicture which is extemal to tbe system (e-g.. sewer systemsj. The 

following are the key items of concem wrth respect to infrastructure/public works: 

Cross-contamination. Cross-contamination of greywater icto potable water 

pipes must be avoided. 

Adequate Flow. Adequate flows must be maintaineci through the sewer 

system. 

Filterina. When greywater is used for toilet flushing, a surtable fikering system 

mu4 be in place to ensure proper flushing and reduce Wear on the flushing 

mechanism. 
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Storwe Facilibes. Adequate storage facilities must be made available. 

Treatment Measures. Suttable treatment measures must be established and 

implemented and appropriate measures must be taken for disposai of waste 

products from treatment. 

5.1.1.6 Zoning 

If greywoter reuse ret ro f~ of a building makes the property conflict wnh m zoning 

designation. there are generaily two opuons available: a variance may be applied for 

in which the conflicting use is ailowed to exist for a spec~fied period of time or the 

land may be rezoned. Spot zoning in which only a srnail parcel of land is affected by 

the rezoning may also be an aiternative. 

The property's zoning designation and speclfic use restrictions should be determined 

during the data collection stage of a greywater reuse plan. 
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5.1.2 Site-specific Considerations 

The second level of opportunioes and constrain% focuses on site specific 

considerations. In parbcular, three aspects of the site must be considered (Figure 3): 

GeneraJ Facilrty Information - to establish characterista of the building 

including type. funcbon and future occupancy plans. 

Current Water Usage - to establish types and patterns of water usage for the 

building and the potential for m e r  conservation. 

Existmg Equipmerrt and Infrastructure - to determine the type and condiûon 

of water distribution and conveyance infrastrudure and water-using equipment 

and systems wrthin the building environment. 

Fi~ure 3: Site-Anaiysis With Respect To Greywater Reuse Retrofit 

(-) (E) (F) Equipment & 
Information Usage ln f rast ructu re 
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5.1.2. I General Facility Information 

From the literature review and through contact wrth local professionals. the 

following cnteria should be established in the data collection stage of a greywater 

reuse plan in order to develop an adequate profile of the faciltty: 

General description of the building including: 

Location 

Number of floors 

Size 

Age of building 

Number of occupants 

Main function(s) of the facilrty 

Facility systems and architeau d drawings 

List of al1 known dangerous materials used in the faciltty 

Expected remaining useful Ife of building 

Future occupancy and use plans 

Lin of known and defemd maintenance projects or major renovation plans 

Summary of current maintenance practices 

Lia of contractors currentiy servicing the facilrty including type and duration of 

service contracts 
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S .  1.2.2 Curent Water Usage 

From the literature review and through contact with local professionals, the 

following critena should be established in the data collection stage of a greywater 

reuse plan to develop an adequate understanding of the type and patterns of water 

usage occumng wrthin the building: 

Quantrty of water used in the building environment. (This can be detemined 

by assessing water bills for the building from the previous 24 months.) 

Peak demand factors. 

Present and projected cost of water usage for the building. 

Types of water uses present wrthin the building environment. 

List of chernicals added to water in the building environment. 

Sources of greywater. 

Quantity of greywater produced from each individual source. 

How consistent is this quantity? (Weekly or seasonal fluctuations?) 

Qualrty of greywater from each individual source. 

How consistent is this qualrty? (Weekly or seasonal fluctuations? ) 

Are there any industrial-type contributions to the flow? If so. what are 

they? 

ldentify previous measures taken with respect to water conservation. 
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5.1.2.3 Existing Equipment and Infrastructure 

From the review of literature and through contact with local professionals. the 

following cnteria with respect to existing water distribution infrastructure and water- 

using equipment and systems wrthin the building environment should be established 

in the data collection stage of a greywater reuse plan: 

Assessrnent of distribubon and conveyance systems. heating and cooling 

systems which use water. and any other equipment which uses water. 

Specifkal ly . identify : 

Type of equipment/hfmstructure 

General condition of equipment/infrastwcture 

Age of equipment/infmtmctwe 

Chernicais added to water 

5.1 -3 Solution Generation Related to Possible Reuse Options 

The third level of opportunities and constraints is concemed with solution 

generation related to possible reuse options. Solution generation must take into 

consideration the following issues (Figure 4): 

(i) Reuse Possibilities - Existing uses of water wrthin the building which may be 

met with greywater and specific requirements of each. 
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(ii) Pre-design Considerati'ons - Pre-design considerations for each aitemative 

reuse scenano must address both: 

(a) Public Heakh Protection and 

(b) Operating and Maintenance Requirements 

(iii) Preliminary Costing - Preliminary cost esûmates must be made for each 

alternative and possible funding strategies should be identified. 

Figure 4: Solution Generation Related to Possible Reuse Options 

(,,., (-) , (PlelimiMPI) 
Possibilities Considerations - -1 Costing 

Operation & 
Maintenance 

5.1.3.1 Reuse Possibilities 

From the review of literature and through contact wrth local professionals. the 

following criteria must be estabkhed in the data collection stage to determine 

possible uses for greywater in a particular building environment: 
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Current uses of potable m e r  wrthin the building which could be replaced 

wrth greywater. 

Quantrty of water required for each type of use (daily flow and peak demand). 

Qualrty of water required for each type of use. 

Allowable fluctuation in water qualrty for each type of use. 

Stabilrty of each potential use of greywater (Le.. whether these uses will 

continue to be required in the future). 

Stabilty of the water supply. 

5.1.3.2 Pre-design Considerations 

The review of literature and contact wrth local professionals suggeN that the design 

of an appropnate greywater reuse system must focus on the following items: 

characteristics of the greywater generated; meeting required physicd. chemical and 

microbiological water qualty requirements: producing consistent water quairty: being 

responsive to vanations in source water qudty and q u m  and varying use 

patterns; operabilrty; meeting space and location requirements; and producing a 

minimum volume of waste products. Generdly. these pre-design considerations 

cm be grouped into two specific areas of focus: public heatth protection and 

operating and maintenance requirements. 
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Public Heatth Protection 

W h  respect to public he& protection. the design of a greywater reuse system 

must take into consideration the following cnteha: 

Surtable treatment rneasures (and appropriate disposai of waste products). 

Adequate control mexures for chernical constnuents in the greywater. 

Adequate measures for minimization of public exposure to the reclaimed 

greywater (through contact. inhalation and ingestion). 

Adequate monitoring of greywater sources (including the general heakh of the 

contribang population. existence of disease-camers in the population. etc.). 

Cross-connection prevention. Specifically: 

Pipe alterations perfomed by professional piurnbers 

Suitable labeling of al1 nonpotable components of the system to 

prevent cross-connections (for example. Womtng - Nonpotoble 

Woter - Not Sofe For Drinknig ) 

Pipes carrying greywater made of flexible plastk or color-coded rigid 

plastic (clearly different from water lines) 

regular visits and inspections by projed personnel 
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Operatkg and Maintenance Requirements 

W ~ h  respect to operating and maintenance requiremerrts. pre-design must consider 

the following: 

The required storage facilities including type. volume and location. 

The required conveyance and distribution networks. 

Appropriate instrumentation and controi systems for monitoring the treatment 

process performance and disposal of waste products . 

Appropnate alams for process malfunctions. 

An appropriate qualrty assurance program to ensure adequate treatment and 

sampling protocol (including facilities for sampling). 

Adequate emergency storage to retam reclaimed water of unacceptable qualrty 

for retreatment or disposal. 

Aitemative disposal facilities (e.g.. . sewer or septic system). 

Flexibilrty of piping and pumping faOlities to  permit reroutmg of Rows to 

alternative disposal facilities under emergency conditions. 

Stand by power for essential treatment processes. 

Adequate operator training. 

An effective preventative maintenance program. 

An estirnate of the service life of the system. 
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5.1.3.3 Preliminary Costing 

To assess the financial feasibilrty of the projed in the second stage of water reuse 

planning, certain costing cnteria must first be established in the data collechon stage. 

From the review of literature. the following items wrth respect to preliminary costing 

should be determined in the data collection stage: 

An estimate of the full cost for the retrofa wrth the greywater reuse system 

(including CON of additional facilities for onsite treaûnent. storage and 

distri bution). S pecifically: 

Capttal costs including c o s  for preliminary andytical work for 

assessrnent of feasibility. structures. process equipment. major auxiliary 

equipment. special foundation requirements. elearical and 

instrumentation, site work. miscellaneous process and piping. 

construction contingencies. engineering, project administration and 

inte rest. 

Operating and maintenance costs including costs for labour. electncal 

power, chemicals, routine equipment maintenance. materials and 

supplies and disposal of treatment by-products. 

An estimate of projected savings in water costs. 

Savings in treatrnent and disposal of wastewater. 

Cost effectiveness. 
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Cost-bene& and feasibilrty analyses. 

An acceptable payback penod. 

Possible sources of funding (and consideration of any requirements potentiai 

funding agencies would impose upon the project). 

5.2 AnOpportunrty/ConstraintAnalysisMethodforGreywaterReuse 

Retrofrt 

Three levels of opportunities and connraints and specific issues and items of concem 

associated wrth each were identified in -he previous subsections. Taken together. 

these f o m  a three-part opponunrty/constrairrt analysis tool for greywater reuse 

ret ro f~ of exining buildings (Figure 5). 

The opportun&y/constrajntnt analysis tool is presented in the forrn of a checkiist (see 

pages 75 to 78). This format provides a convenient method for identifying and 

considering relevant issues related to renovating exisbng buildings wrth greywater 

reuse systems. By identrfying specific issues and considerations which are essential 

for a safe and efficient greywater reuse system which complies wrth al1 regulations. 

one is able to assess parbcular buildings for their appropriateness for greywater 

reuse retrofrt. 
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Fieure 5 : An Opportunky/Constraint Analysis Method For G rewate r Reuse Retrofe 

Equipment & 
Information Usage Infrastructure 

Operation & 
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The tables are set up in three parts. corresponding to the three levels of 

opportunities and constraints previously developed. Part I deals wrth plonning issues 

related to institutional control. Part 2 iderrtrfies the relevant c~nsiderations to 

conduct an effective site onalysis of the building in question. Part 3 identifies cntena 

associated wrth appropriate solution generation for greywater reuse retrofît. Each 

part is broken down according to  the specific issues identified in the preceding 

subseaons and then further broken down into the major items of concem also 

previously ideMed for each. This format allows each item to be isolated and deak 

wrth individually. 

Ideally. a planner considering greywater reuse retroffi for a particular building would 

go through the tables. checking off each item as it 1s considered and making relevant 

notes in the comment space provided. After al! items are considered. the planner 

would proceed to the assessrnent of feasibilrty stage and finally. if feasibility is 

established, to the ficilities planning and design stage. 

By providing planners wrth a convenient tool for establishing the feasibilrty of 

greywater reuse systems for existing buildings, the Oppominr ty /C~ns~m. Analpis 

Cheddist would facilitate infomed and effective decisionmaking and promote 

greywater reuse as a retrofa water conservation alternative for urban 
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redevelopment. Ubmately, this is an urban redevelopment strategy which has great 

potential for increasing the eficiency of the buih environment and reducing municipal 

spending for m e r  supply and tre&ment. 
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6 .  TOWARDS l MPLEMENTATION OF G R M A T E R  REUSE RETROFIT: 

IDEAS FOR FURTHER STUDY 

To promote greywater reuse as a viable water management option for buildings and 

an urban redevelopment strategy leading to a more efficient urban environment 

both in terrns of individual building efkiencies and municipal \Nater CON. much study 

is still needed. 

A number of ideas for further study are presented below. These are identified 

simply to tngger further study to promote greywater reuse as an alternative water 

conservation and urban redevelopment strategy. 

The Opportunrty/Constrant Analysis Method developed in this report should 

be applied to an exisîing building environment to assess the building's feasibility 

for greywater reuse retrofi. 

A pilot projea should be conduaed in which an existing building is renovated 

wrth a greywater reuse system. Suggestions for possible locations for pilot 

projects include Winnipeg's Exchange District. the University of Manitoba 

campus or a core area neighbourhood. 

A l  regulations that a greywater reuse system would have to corn ply wrth for a 

particular junsdicbon (such as Winnipeg) should be idenûfied and summarized. 
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An in-depth study of the Crty of Winnipeg's building code and sewer utilrC/ by- 

law should be conducted and specific recommendations should be made to 

the code and by-law requinng al1 new construaion to provide for parallel 

plum bing to accommodate greywater reuse. 

A study should be made of the implications to the traditional definition of the 

building as a resuit of implementing greywater reuse systems (Le.. the 

introduction of greater efficiencies wrth respect to resource use. the possible 

development of a new paradigm in buildings. etc.). 

Opportunities for promoting the public's awareness of how greywater can 

become an important resource generated wrthin buildings should be i deded  

and developed. 

A technical analysis should be conducted of the impact to sewer flows as a 

resutt of reusing greywater for toilet flushing (perhaps for a small comrnunrty or 

local sewered area wrthin Winnipeg). 

Opportunnies should be identdied for reusing greywater in different types of 

buildings (e.g.. single/mutti family residential. office complexes. high nse 

buildings. recreational facilities, industrial applications, etc.). 

A technical analysis should be conducted of different greywater treaunent 

options. 
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An economic analysis should be conducted of dfierent greywater treatment 

options. 

A study should be made of possible cost savings venus implementation CO% 

associated wrth greywater reuse retroffi of existi ng buildings. 

A study should be made of possible cost savings versus implementmion costs 

associated with greywater reuse systerns in new buildings. 

A midy of the implications to settiement patterns (for example for subdivisions) 

as a resuit of implementing greywater reuse systems in residential communnies 

should be conducted. 

Opportunities should be identified fcr incorporating greywater reuse systems 

into the overall aesthetic quaiv of buildings (i.e.. develop interior design 

solutions to bnng greywater reuse into the overall functioning of buildings). 
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Andres. Eleanor. Crty of Winnipeg. Corporate Services Department. Legal Services 
Division. 1 996. 

Fast. Dr. Margaret. Crty of Winnipeg. Communrty SeMces Department. Population Heakh 
Division, 1 996. 
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Ouantities of Greymter Typicdly Produced From Vanous Sources 

The amount of greywater typically produced from washing machines. showeo. tubs and 
bathroom sinks are as follows (Ludwig: 1994): 

Washing Machines: 1.5 loads per week per aduk 
2.5 loads per week per child 
30-50 gallons per load for top-ioading machines 
I O gallons per load for front-loading machines. 

Low-flow showeheads: 

High-flow showerheads: 

Bath tubs: 

Bathroom sinks: 

20 gallons per day per peson 

40 gallons per day per peson 

40 gallons per bath 

1-5 gallons per day per peoon 
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Elements Found In Comrnon Household Products Which Should Be Limited When Im~atinq 

(Source:Califomia. State of. Grawvater Guide: Using Graywater In Your Home Landscaoe. 
Department of Water Resources. Los Angeles. 1994.) 

Produa 

iaundry Detergent 

Bleach 

Softene r 

Dishwashing Liquid 

Soap 

Shampoo 
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Harmf'ul Elements 

Arsenic 
Mercury 

Cadmium 
Nickel 

Chromium 
Silver 

Arsenic 

Chromiurn 
Nickel 

Copper 
Zinc 
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Plant Species and Greywater l m d o n  

The follcwing is a list of plants that are not suitable for the alkaline conditions associated with 
greywater imgation . 

Rhododendrons 
Bleeding Hearts 
Oxalis (Wood Sorrel) 
Hydrangeas 
Azal eas 
Violets 
Impatiens 
Begonias 
Fems 
Foxgloves 

Gardenias 
Philodendrons 
CameIlias 
Primroses 
Crape Myrtle 
Redwoods 
Star jasmine 
Holly 
Deodar Cedar 

The following plant species should respond well to greywater irrigation. 

Oleander 
Bougainvillea 
Fan and Date Palms 
Rose 
Rosemary 
Agapanthus 
Bermuda Grass 
Honeysuckle 
Australian Tea Tree 

kalian Stone Pine 
Purple Hopseed Bush 
Oaks 
Arizona Cypress 
Cottonwood 
Olive 
Ice Plant 
Juniper 

(Source:Califomia. State of. Graywater Guide: Usine - G r n a t e r  In Your Home Landscaw. 
Department of Water Resources. Los Angeles. 1 994.) 
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Recornmended tirnits For Toilet Flushin: 

30 unrts 

Parameter Maximum 

(Source: CMHC. Advancine the Li~ht - Grey Option: Makine Residential Greywater Reuse 
Happen, 1993) 

Odor 

Manganese 

Copper 

l ron 

lron and Manganese 

- 

6 unrts 

0.5 m g  

l .O mp/i 

1 .O mg/i 

l .O mg/l 
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percolafion lesfs. the Admlnisirative Aulhorily may allow lhe use ol 
Table J-2 an in/i//ralion rate designaled by the Adminls frafive Aufhorlfy, , 
or an Infiltration raie determlned by a Wsl epprovedby the Admlnlstra- 
tive Auihoriiy. , ? 

i t  
J 5 lnspectIon and Tostlng Z E 
(a) Inspection ? L 

( 1 )  Al1 appricable provisions 01 fhis Appendiù and ol Secllon 3 l6 ' 1 
O/ the U.RC. shell be complied wdh. h 
(2) System cornponenls shafl be propsrty idenlitied as 10 manuIac $ k 
bref. CL 

A L  
(3) Surge tanks shallbe installedon dy.lsvel, wel/ampacted soi/ k 
i/ in a drywe11. or on a lave/, 3-inch conuete siab or equivaien~, ~t 2 t 
above ground. 
(4) Surge tanks shall be anchored agalnst overîurning. 

Ct ! t 
(5) /f the irrigation design R prsd&aled on soi/ tes/s, the hrbalion E t  
lie& shall be inslalled al lheseme location anddepfh as the tested 
area. et A L  

(6) /nsla/laiion shall conlotrn wilh the equipmenr and inslallat~on ft  
melhods identifiecl in the ap~~oved plans. A L  CL 
(7) Graywater stub-ou1 m i  may be allowed /or /uIure con- g t 
neclion prior to the installation ot irrigalion lines and landscaping. 
Stub-ou1 shan tmpermanenlly rnatkeîi GRAYWATER S O U  f 1 
DANGER-UNSA FE WATER. CL AL 

(b) Tesïing C L  A L  

( I) Surge tanks shall be li/led wilh waler 10 lhe overilow line prier 
10 and during inspection Al/ searns andjoinir sha//b6 leA exposed 1 
and the la& shalt remcrin walertiph!. 2 
(2) A tlow les1 shall be perlormed lhrough the syslem fo the point 2 
of graywater Irrigation. Al1 lines and componanls shsll be water- 
light. c 

J 6 Procedure for Estlmal/ng Graywrter D/schnrge 
The Adminislrarive AulhodIy m y  ufibzs the grawfc?tdis~harge jm A 
cedure lisledbelow, waler use records. or calculalions o l k a l d a i ~ p e r  ft 
person interior waier use: 

7 CL 

(a) The number 01 occupanls O/ each dwefling unil shall be cab- tk 
lated BE IOIIOWS: t k 

Firsl bedroom 2occvpanls 
Each addiIlonal bedroom l occvpanl 

J 6 4 8  GRAYWATER SYSTEMS 

8 J 7 R6qulr.d Are. of Subrurfac~ InI~aI lon 1 S: Each irr&afion zone ihail have a minimum eNe«ive m a t k m  area lut 
2 the type O/ sodanô in/illration rate 10 &tribule i?/Ig~ay~aI81pdm?à 1 fi daiiy., pnswnl 10 Secfion J-6, withou~ swfacing. The requriredir&a/Ùm 

te area shal be bas& on fhe esïnUed graywater disfwge, pursuant 
L  8 fo Secfion J-6 01 lhis Appendix. lil. olsurge tank, (Y a m e I W & l w  1 $ mined b the AdmWrlrelive Aufhorily. EKh proposedpaywafet lys. 
. , rn shall im/& at leas/ hro ir~&aIkn zones and each br@ation z m  1 rhal be in comph'ance wilh the pm*riw. ol /hi8 Seclion. 

Il the mini.leach/ie# Mgalion syslem ks us&, the tec)ulred square f lootage SM b determined ,rom TabM J.2. or equiwabnl. lot lhe ilp. 
L A  01 m l  lound in the excuvatbn. The area O/ the irrigation lieid shal be L 2 equat to IM aggregate ot the p e n w a t e d ~  sec/iuns within the 

ir ' alion zone limes the widlh O/ Ihe propos& mini-kachlieid trench. % irripation p i n i  sha* be wiîhin 5 vtwica/ Ieet a l  h b r t  (inown 1s seasondI prounhvster nu where graywater may contaminale Me fi grounô wafer or ocaan wafer, Tha apPricant shaU supply evidence O/ 
t <, ground water dep(h /O the sPWlac~km O! lhs AdmmisUalive Aulhonfy 
L  ï' 

J 8 Deiermlnatlon of lrrlgaflon Capclfy 

3 (a) ln wder 10 delermim the absorption quanlitks ol quesfbnabk, 

: soÜr olher tiun those Iisted in TaMe J.2. fhe popwed sife may be sub- : 2 jecled M peralation fesls atxepiaWe 10 M. Adminislralive Aulhorify 01 
L t! delermined by lhe Adminisfralive Aulhonly. 

h When r percablbn test is requireû, m midkachIieM systsm or 
t $ subsudace drip /rr@ation syst8mshaI bep~rrniIIediIIhe lest shows the 
L A absorption capacily O/ the soil k kss fhan ô0 minutes/lnch or more rap- [ 2 Id fhsn the minutes/inch. unless olherwise psmiilfeû by 1/19 A d d d ~ .  
Li Ilillive AulhorityY 
' 2 (C) The irrigation lieki size may be compured lrom TaMe J 2 ,  or de- 1 : terminixi by the Adniirtisfrative Authortfy or a desbnee ot the r l d t n d ~  

trairvo Aulhorily. 
YAI  B. lm 
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J 9 Surge Tank Construcflon (Flgures 1,2,3 and 4) C L  

t k 
(8) Plans !or surge lanks shall be submilted lo the Admldstralive 2 t 
Au!hori!y lot approvel The plam shall show lhe data repuired by Ihe 
Adminislralive Aulhority and may inslvde dimensions. sfrucIural cal* 
culalions. and braclng delails. 

(b) Sucge tanks shalt be cons/rucIedol soüd. durable materials. nol 2 
subject to excessive cortosh or decay. and shall be walert@hl. ?t 
(c) Surgs Ianks shafl be vented as reguired by C h a m  5 01 lhis 1 
Code and shell ha ve a locking. gaskeld 8ccess upening, or approved fi r: 
equivalent, Io allow /or inspection and cleaning. A L  

C L  

(d) Surge tanks shall have lhe r8led capacity permanently marked $ 
on the unit, ln addition. GRAYWATER IRRIGATION SYSTEM, DAN- $[ 
GER-UNSAFE WATER shall be permanenrly marked on lhe surge 2 
tank. t t: 
(e) Surge tanks rns~alled above ground shall have a drain and over* $ 
Ilow, separate Irom Ihelrneconnecting the tank wilh lheirrigalton heMs. $ 
The drain and overllow shall have a permanent conneclion M a sewef $ 
or to a septic tank. and shali be prolected againsl sewer /nie adclibw 4 k 
by a backwaler valve. The oved/ow shan rio1 be equipped wlh a shut* 3 1 
O// vahie. 2 k 

The ovedlow and drain pipes shall noi be less in diameter /han $k 
Ihe inlelpijh?. The venl size shallbe basedon lhe f o l a / g r a ~  ; 
unils. as outlined in URC. Table 4-3 or local equivalenl, Unlons w 61  

equatly elleclive IiIIings shall be provided Ior al/ pping connecled Io lhe X : 
sufge lank. CL 

n L 

(O) Surge tanks shal bs rir~~clurally designed Io wifhsfand a n l b  8 1 
paled loads. Surgs tank coven shatl be capa b!e 01 supporting an earrh ; . 
bad ol no1 less lhan 300 pounds per square 1001 when Ihe tank is de- ,, 1, 
signed /or underground installalion. 1' 1. 

A L  

(h) Swpe tanks may be insIatIedbelowgroundin a dry WB// on com (; k 
pacled soi1 or buri& 1 the lank design is approved by Ihe Admmis rra. 2 1 
livb Aulhotily. The system sha1 be designed so Ihal Ihe ianh overllow [ wtlgravity drain Io a saniiary sewer line or seplic lank. the tank musl , 
be p/olecIed againsr sewer line backltow by a bsckwaler valve. c l  

(i) Materials 2t 
ĉ t 

11)  Surge tanks shall meef nationally recognlzed standards lof $ 
nonporabîe wafer and shall be approved by the Administfalive Au. A 1 
Ihorrly. z k  

YLv9 lm 
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{2) Sleelsurge tanks shalbeprolecIed\rom m s l o n .  bolh enfer- 

[ [ Nniy and ai tom al^ by an ~plwoved m t h g  or by olher~cc8plebls 
c meam 

J 10 V a h s  and PIpIng [FI~ures 1,&3 urd 4) 
2 Graywaierp@ng discharging hto a swge tank oi havinp a direci nui- ' nation b a sanitary drain or s e ~  piping SM ûe ~ s l r e a m  d a n  

approveô waI81se.i-rVpe Irap(s,. Ilno such I?ap(s) exkts, an apprrwed 2 venreô runninp trap -JI ûe i m a ~  upotrearn ot üw a m w ~  to 
pmtecî the ôuiMihg lm i n y  pouiôte mas/@ ot SM gaaa. Al g ~ y -  

2 w a t e r ~ J n o r h a U b o m a ~ d c u u l s U h . w r ~ ~ ) f i l ~ ~ ~ ~ ~ l a ~ m ~ ~  
S wilh lhe muds DMKiER-UNSAFE WATER. M vaives, In*drig the 

three.way vahre, shall be readity accessible andshall be a- by 
the Adminislrative Aulho?i/y. A backwaleu v a h .  i11sIaIed p w w n /  Io 
thls Code. shan be provMed on ai surge tank ûrain m m -  Io lhe 
sanltary drain or semir pipng. 
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Figure M n y w r t e r  System Multiple Tank (conteptud) 

To buildint drua. Sim air îm of 

Figure 1 r a y w a t e r  Systern Underground Tank (conceptual) 
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