
 
 

 
 

 

 

Evaluating the Performance of Backwater Valves as a Lot-Level Approach to 

Reduce Basement Flooding in Canadian Homes 
 

by 

 

Sandra Dusolt 

 

 

 

 

 

 

A Thesis 

presented to 

The University of Guelph 

 

 

 

 

 

 

 

 

 

In partial fulfilment of requirements 

for the degree of 

Master of Applied Science 

in 

Engineering 

 

 

 

 

 

 

 

 

 

Guelph, Ontario, Canada 

 

© Sandra Dusolt, April, 2019 



 
 

 
 

ABSTRACT 
 
 

 

EVALUATING THE PERFORMANCE OF BACKWATER VALVES AS A LOT-LEVEL 

APPROACH TO REDUCE BASEMENT FLOODING IN CANADIAN HOMES 

 
  

 

Sandra Dusolt                      Advisors: 

University of Guelph, 2019                  Dr. Andrew Binns  

                                                                                  Dr. Ed McBean 

 

Global climate change poses one of the most challenging threats to the protection and longevity of critical 

infrastructure within our communities. One type of infrastructure that is affected by the increase in 

extreme rainfall events is our urban water systems, which are not currently designed to accommodate 

heavy, infrequent flows. Backwater valves were developed as a lot-level strategy to protect homes against 

water damage when sewers are running over capacity during storms. Although these devices were 

designed to reduce basement flooding, many individuals from the plumbing industry have reported that 

these valves have surcharged during heavy events. This thesis examines the performance of backwater 

valves under different operating conditions through extensive laboratory experiments. The results can be 

used to improve installation and maintenance procedures for these devices, increase reliability, and 

ultimately, reduce property damage and insured losses associated with basement flooding in Canada.     
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CHAPTER 1: INTRODUCTION  

1.1 OVERVIEW 

Global climate change poses one of the most challenging threats to the protection and longevity of 

critical infrastructures within our communities. People living in urbans areas have become 

dependent on these infrastructure systems to provide them with essential services needed to carry 

out even simple daily activities such as taking a shower, driving to work, or going grocery shopping 

(Auld, 2008). The issue that arises with these systems is that they are subject to aging, and are 

therefore in need of repair or replacement over time; however, since most of these systems have 

components that are located below ground surface, it is often expensive and difficult to access (City 

of Toronto, 2014; Auld, 2008). To make matters worse, the deteriorating condition of these critical 

infrastructures can be substantially deteriorated during extreme weather conditions that place 

additional stress on the system, resulting in disruptions in services (Auld, 2008). This can have 

major impacts on developed communities as all infrastructure systems are highly interrelated, 

meaning that disruptions in one service can lead to disruptions in others (Auld, 2008). As the global 

climate is projected to continue to change over the next century, strategies to adapt to rising 

temperatures and increasing heavy weather events will become necessary to create resiliency in 

urban communities across the country.  

 

City organisations and government agencies have already started to coordinate efforts in 

addressing climate change by creating adaptation plans that integrate climate change 

considerations and create initiatives to ensure continued performance in daily operations. The City 

of Windsor’s Climate Adaptation Plan aims to enhance sewer maintenance, increase tree planting 

and green spaces, and improve education on heat-induced emergencies in community centers and 

pools (City of Windsor, 2011). Durham Region has an adaptation plan that involves scheduling 

work to avoid daytime peaks in temperature, flood-proofing critical equipment, and implementing 

low impact development sites in urban areas (Durham Region, 2016). Vancouver is another leading 

city in creating adaptations to climate change. Their strategy includes exploring cooling options for 

older buildings that were not designed for hot weather, separating sanitary and storm sewers, and 

providing support to community gardens and urban farming businesses (City of Vancouver, 2015). 

The one common trend in current adaptation plans is that they address short-term strategies as 

opposed to long-term solutions. In order to transition towards more on-going or continuing efforts 

of addressing climate change challenges, large-scale adaptive actions need to be implemented, 
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which can only be achieved if every individual in the country contributes in possible ways, whether 

it be supporting another organisation or implementing changes at the individual household level. 

 

1.2 LITERATURE REVIEW AND RESEARCH GAPS  

1.2.1 DRAINAGE INFRASTRUCTURE AND CLIMATE CHANGE  

One type of infrastructure that is particularly affected by climate change is our urban water 

systems, which are not currently designed to accommodate the heavy, infrequent flow scenarios 

associated with extreme rainfall events (Forsee & Ahmad, 2011). Historically urban water systems 

have been developed to direct water away from homes in residential communities (City of Toronto, 

2014). The storm water drainage system consists of both minor and major components that, 

together, are able to convey wide ranges of flows.  

 

The minor system is composed of storm pipes, ditches, gutters, and swales (City of Toronto, 2014). 

Its purpose is to collect and remove water from impervious surfaces such as sidewalks and roads 

(Ministry of Environment, 2003). Minor systems are usually designed to convey water volumes 

produced by regularly-occurring rain events of smaller magnitudes (Ministry of Environment, 

2003). Due to the high costs associated with constructing minor systems, they are only intended to 

be able to carry minimum flow requirements, which are usually a storm frequency of 1 in 5 years 

(City of Toronto, 2014). As a result, their ability to direct water away from homes during periods of 

high intensity rainfall or prolonged storms is very poor. Another issue is that the minor system is 

not regularly maintained because it is located underground and often involves invasive methods for 

access (i.e. digging up roads) (City of Toronto, 2014). Research suggests that 23.4% of storm water 

pipes in Canada fall below the “good” condition, meaning that they are either past their expected 

lifespan i.e. already significantly deteriorating (Canadian Infrastructure, 2012). Cracks or dents in 

the pipes and faulty connections can allow excessive ground water or infiltrated rainwater to enter 

the sewer system, especially during large rain events which have become more common in recent 

years (EPA, 2010). Defects in private laterals alone have been known to contribute upwards of 40% 

of infiltration and inflow into urban water systems (EPA, 2010). The increase precipitation 

produced by heavy rainfall and rapid snowmelt through these drainage systems can overwhelm the 

existing infrastructure, resulting in further damages (Forsee & Ahmad, 2011). As urban areas 

continue to expand and extreme weather events become more frequent, the minor system is at risk 

of failure from operating beyond the limits they were designed for, leading to incidents of urban 

flooding.  
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The major system is composed of features such as overland flow routes, channels, roads, and 

detention ponds (City of Toronto, 2014). Its purpose is to discharge excess water that the minor 

system is not able to handle (Ministry of Environment, 2003). Major systems are generally designed 

using a storm frequency of 1 in 100 years, which indicates large, infrequent storms (City of Toronto, 

2014). Although the intentions of the major system are to protect against the majority of rain 

events, there have been instances of flooding in past years attributed to rainfall that has exceeded 

the magnitude of the 1 in 100 year storm. Similarly, there have also been occurrences where 

multiple rain events within a short time period have led to flooding as the water does not have time 

to recede between successive storm events. With climate change increasing, rainfall events are 

changing the return frequency of events, resulting in flood impacts becoming more noticeable. 

(Forsee & Ahmad, 2011). Due to the increase in stormwater produced by these large storms, 

infrastructure capacity of the major stormwater system has the potential to fail from running over-

capacity and for longer periods than for their design basis.  

 

In some cities, there is a combined system that connects the storm and sewer pipe networks 

(Ministry of Environment, 2003). This type of system is common among older portions of cities but 

is no longer used in the construction of new residential areas. Combined sewer systems include 

large sewer pipes that connect to surface inlets such as gutters and street drains (Ministry of 

Environment, 2003). They collect and transport wastewater and storm water to a sewage 

treatment plant, where both types of water are treated and discharged (Ministry of Environment, 

2003). During periods of heavy rainfall or snowmelt, the water entering these combined systems 

can exceed the capacity of the sewer pipes, causing wastewater to back-up into homes.  

 

1.2.2 URBAN FLOODING IN CANADA 

As a result of the failures associated with the current state of our drainage infrastructure, urban 

flooding has become more apparent in Canada over the last five years.  In June of 2013, Calgary, 

Alberta received between 75 and 150 mm of rainfall over a three-day period, which also rapidly 

melted over 60 cm of snowpack, causing severe flooding in major cities including Calgary, Banff, 

and Canmore (ECCC, 2013). This storm event generated upwards of $2 billion in insured losses 

(ECCC, 2013). A similar scenario occurred in Quebec in May of 2017 which resulted in $233 million 

in damage claims (Phillips, 2017). Windsor and Tecumseh were also hit with massive rain storms in 

both 2016 and 2017, leading to insurance payout claims of over $300 million due to flooded homes 
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(Battagello, 2018). As demonstrated by these major storms, flooding represents one of the most 

expensive types of natural disasters in Canada (KPMG, 2014).  

 

There are three scenarios in which basement flooding in urban environments may occur, namely 

through overland flooding, infiltration flooding, and sewer back-up. Overland flooding describes 

scenarios of runoff from highly impervious surfaces and seeps into homes through openings 

aboveground such as windows, doors, and vents (Sandink, 2014). Infiltration flooding focuses on 

water that has seeped into sanitary and storm sewers through cracks in the pipes or faulty joint 

connections (US EPA, 2014). Sewer back-up occurs when wastewater or combined storm and 

wastewater pipes have reached capacity and consequently surcharge, often overflowing onto 

streets or re-entering homes (Sandink, 2013). Although all three types of flooding have been known 

to cause significant damages to individual properties, insurance coverage for overland flooding and 

infiltration flooding are unavailable in most areas (Sandink, Handbook for Reducing Basement 

Flooding, 2009). The focus in Canada has been towards providing compensation for damages 

incurred by sewer surcharge events. Sewer back-up has become a major area of interest in recent 

years due to its widespread effects and health concerns in comparison to the other types of 

flooding. Unlike both overland and infiltration flooding, sewer surcharge is composed of mostly 

wastewater which encourages the growth and development of mold, bacteria, waterborne diseases, 

and unpleasant odours (Berry, et al., 1994). Additionally, damages caused by wastewater are often 

deemed to be difficult to repair, resulting in high economic losses (Berry, et al., 1994).  

 

Homeowners can prepare for urban floods by purchasing home insurance policies that include 

coverage for water damage or opting to buy an insurance add-on for flood-related claims (Sandink, 

Urban Flooding In Canada, 2013). Although this may reduce the overall cost to repair or replace 

damaged items, it does not provide security in protecting against all potential losses associated 

with a flooding event. Claims may be limited based on flood risk and the implementation of any 

prevention strategies on the property (Oulahen, 2015; Sandink, 2013). For example, some 

insurance policies restrict the amount of claimable damages if there have been repeated sewer 

back-up events filed on the same house, or if sewer back-up technologies were not installed or 

properly maintained when they should have been as part of the agreement (Oulahen, 2015) 

(Sandink, Urban Flooding In Canada, 2013). In addition, insurance plans may be discontinued or 

altered over time, resulting in changes to coverage (Sandink, Urban Flooding In Canada, 2013).  
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1.2.3 LOT LEVEL PROTECTION METHODS FOR REDUCING FLOOD RISK  

With the risk of flooding projected to increase in the coming years, the importance of preparing 

homeowners to avoid or minimise flood damage from storm events is becoming a major concern. 

Reducing urban flood risk on a city-wide scale can be difficult, time-consuming, and expensive. It 

may take several years for communities to have the resources and means to upgrade existing storm 

water infrastructure. One way to quickly address flooding in urban areas is to encourage 

homeowners to implement lot-level protection measures. These measures are aimed at protecting 

basements from sewer back-up or surcharge.  

 

Basements are prone to flooding as they are situated the closest to underground water sources 

such as the groundwater system and the sewer pipe network (Utilities Kingston, n.d.). In times of 

heavy rainfall or rapid snowmelt, the level of water in the ground and in the pipes may rise above 

the level of the basement floor, leading to flooding (Utilities Kingston, n.d.). There are many lot-level 

strategies that can lower the chances of a basement flood. Preventing sewage back-up into homes 

can be achieved by disconnecting weeping tiles or foundation drains from the municipal sewer 

system, grading the property to direct water flow away from buildings, building low impact 

development sites to slow down the release of water, and installing backwater valves (Irwin, 

Howlett, Binns, & Sandink, 2018).  

 

1.2.4 ROLE OF BACKWATER VALVES IN SEWAGE BACKUP PREVENTION  

Backwater valves have received a lot of attention due to their potential to provide significant 

reductions to the potential for flooding. A backwater valve is a device that prevents water from 

flowing into a home during a sewer surcharge event (Kovacs & Sandink, 2013). Backwater valves 

were first introduced ~20 years ago, and since then, approximately 500,000 have been sold in 

Canada (ICLR, 2016). As displayed in Figure 1, they are typically installed on the main lateral of a 

home, close to where the lateral leaves the house to connect with the municipal storm water or 

combined system. In some cases, they may also be installed on floor drains that connect to the 

sanitary sewer.  
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Figure 1: Location of Backwater Valve in a House 

(National Flood Prevention, n.d.). 

 

Figure 2: Operation of a Backwater Valve (Stormwater 

Central, 2012).

 

All backwater valves operate using a gate, flap, or inflatable technology that, under normal 

conditions, allows water to exit the house, but seals shut (i.e. closes) when the water pressure in the 

sewer lateral is elevated. Operation of the backwater valve is demonstrated in Figure 2 above. 

Although homes with basements are particularly at risk of flooding, homes located at a depth below 

the next upstream manhole are also vulnerable and can benefit from having a backwater valve (City 

of Toronto, 2014) (UpCodes, 2016). The advantages of backwater valves over other lot-level 

protection measures are that they are relatively inexpensive (about $150 CAD), and they are not as 

invasive to implement in comparison to some other strategies like excavating the property.  

 

Municipalities that have been negatively affected by severe flooding events are starting to offer 

incentives for residents who elect to install a backwater valve at their house. The purpose of these 

incentives is to encourage homeowners to contribute to reducing flood risk on an individual basis, 

which will, in turn, help the community as a whole protect against urban flooding. The City of Peel 

offers a rebate of $700 for the installation of a backwater valve (Region of Peel, 2016). Similarly, the 

City of Markham offers a maximum rebate of $1750 (Mr. Rooter Plumbing, 2018). Other 

municipalities have created subsidy programs for property owners who take actions to protect 

against basement flooding. The City of Toronto and the Town of Tecumseh will cover up to 80% of 

the costs to put a backwater valve in a house (Town of Tecumseh, 2013). The City of Windsor has 

proposed a 100% subsidy in installing a backwater valve in their community (City of Windsor, 

2011).  

 



7 
 

 
 

Although backwater valves offer a promising solution to addressing home-based methods for 

protecting against water damage, they are a relatively new product in Canada, and as such, the 

extent to which they provide relief in flooding events is unknown. Unlike other lot-level flood 

protection measures (i.e. disconnecting downspouts) it is difficult to observe their performance 

during rainfall events. In order to confidently advertise their success in preventing basement 

flooding, there is merit in continuing evaluation and research.   

 

1.2.5 PREVIOUS RESEARCH ON VALVE FAILURES 

Little research to date has been conducted on the performance of valves that are exposed to fluids 

carrying suspended solids. There has been a study produced in 2003 that examines valve failures in 

the offshore oil and gas sector. This study suggests that valve failures can be classified based on two 

categories; manufacturer errors and operator errors. Manufacturer errors represent failures that 

result from flaws in the valve design including material defects, mechanical breaks, and mechanical 

fatigue/wear (Peters, 2003). Operator errors represent failures that result from improper 

installation, operation or maintenance of the valve (Peters, 2003). Results of the study revealed that 

between 43 and 95 percent of all valve failures were attributed to inadequate design of the valves 

(Peters, 2003). The results also showed that lack of experience on how to properly use these 

devices contributed to approximately 20 percent of failures, and improper maintenance 

contributed to approximately 7 percent of failures (Peters, 2003). Although this report by Peters 

outlines the underlying causes of valve failures, it does not provide any specifics or reasoning on 

how the manufacturer and operator errors relate to the failures. A re-evaluation of this research 

using laboratory experiments and modern 3-D programming capabilities would fulfill the need for 

additional investigation regarding the performance of valves that are subject to fluids with 

suspended solids. This thesis aims to expand the knowledge of valve failures and applies pertinent 

principles from the oil and gas industry to assess backwater valves in wastewater settings. 

 

1.3 PURPOSE AND OBJECTIVES  

The purpose of this thesis is to examine failures associated with backwater valves in preventing 

sewage back-up in homes. The research focuses specifically on communities in Canada as there has 

been consistent and confirmed use of backwater valves (Sandink 2009; City of Hamilton, 2017; City 

of London, 2018; DS Plumbing, 2019; ICLR, 2016; Region of Peel, 2016). The results of this study 

will provide a base of information that can be used to upgrade the design criteria for future 
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backwater valve products, as well as improve current guidelines for the installation, maintenance, 

and use of backwater valves across the country. Key objectives include: 

 

 Identify causes of valve failure and performance issues; 

 Determine optimal valve models for particular situations; 

 Introduce laboratory modelling techniques for studying valve performance; and 

 Investigate the deterioration of valves under a variety of household wastewater patterns. 

 

1.4 STRUCTURE OF THESIS  

This thesis is presented in several chapters that outline the work of two different studies. Chapter 1 

describes the motivation behind this research. Chapter 2 is in a manuscript form on a questionnaire 

that was conducted to determine the types of valves installed and common failures experienced by 

Canadian homeowners. Chapter 3 is in a manuscript form describing laboratory experiments that 

were used to determine the rate of solid deposition in backwater valves. Chapter 4 is a summary of 

major findings in the two manuscripts as well as suggestions of future areas or work.   
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CHAPTER 2: CHARACTERIZATION OF BACKWATER VALVES AND ASSOCIATED 

FAILURES IN A CANADIAN CONTEXT 

2.1 INTRODUCTION 

Backwater valves have become a developing topic within the plumbing industry in recent years 

(ICLR, 2016). The push towards installing these devices to protect homes against basement 

flooding has become increasingly supported as more communities experience severe rainfall events 

(Sandink, 2009). To meet the needs of these municipalities, plumbing companies are forced to 

continually develop innovative technologies to prevent sewerage back-up. In order for these 

companies to keep improving the functionality of backwater valves, it is important to understand 

the different types of products that have been developed, as well as the suggested installation and 

maintenance procedures for these devices.  

 

2.1.1  HISTORY AND DEVELOPMENT OF BACKWATER VALVES IN  CANADA 

Over the past few decades, sewer surcharge prevention has been achieved through the use of 

manual backflow devices such as gate valves and inline check valves (ICLR, 2016). Gate valves 

require the operator to manually turn a barrier into the “off” position to block sewage from flowing 

into the basement (ICLR, 2016). Inline check valves contain a one-way barrier that allows 

wastewater to exit the home but prevent sewage from entering (ICLR, 2016). Although these 

devices have provided some protection against basement flooding in the past, the disadvantages 

associated with both valves have encouraged national plumbing organisations to re-evaluate the 

design of backflow products. Due to the manual effort required to activate the gate valve, the 

drawback to these valves is that they rely on the operator in order to function properly. In 

situations where the operator is unavailable or unable to activate the valve, protection from 

flooding is non-existent (ICLR, 2016). An issue with inline check valves is that they do not allow 

sewer gases to vent from the system, deeming them to be non-compliant by Canadian standards 

(ICLR, 2016). Approximately 20 years ago, the first normally open backwater valve was introduced, 

but most Canadian municipalities only recognised devices manufactured by the Mainline Company 

(ICLR, 2016). In recent years, other manufacturers such as Canplas and Inflotrix have designed 

competitive products to respond to the demand for more backflow prevention technologies across 

the country (ICLR, 2016).   
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2.1.2 CLASSIFICATION OF BACKWATER VALVES IN CANADA 

Backwater valves can be classified based on their closing mechanism: normally-open flap, 

normally-closed flap, bottom hinged flap, top hinged flap, and inflatable technology. Normally-open 

backwater valves are the most common type of valve found in Canadian homes. In most normally-

open models, the flap rests on the bottom of the valve under regular operating conditions. In the 

event of a sewer surcharge, floats on the flap lift it into the closed position, blocking water from 

entering the home (DS Plumbing, 2019). Pressure from the water against the gate holds it shut until 

the water is able to be released from the pipe system. (DS Plumbing, 2019). Normally-open valves 

are currently one of the only valve types approved by Canadian standards as they allow sewer 

gases to be vented from the system (Mainline, 2013).  

 

Normally-closed valves are not commonly found on sanitary sewers in Canada due to their inability 

to release sewer gases (Siu, 2017). Most normally-closed models have a flap that is hinged from the 

top, meaning that the flap rests over the valve opening under regular operating conditions, and only 

opens when water exiting the house lifts it upwards (Canplas Plumbing, n.d.). This type of valve is 

believed to perform better than the normally-open models as they are less prone to debris build-up 

from particles settling on the bottom of the valve and are not affected by oscillating or low pressure 

backflow events that aren’t significant enough to close the flap but still leak water into the house 

(Gibson, 2017). A downside to normally-closed valves is that they typically have faster replacement 

periods as the flap moves more frequently than other models (Siu, 2017).  

 

Valves that incorporate inflatable technology offer a much more sophisticated approach to back-

flow prevention than the mechanical gate models. Inflatable valves are equipped with sensors that 

detect surcharge events (Inflotrix, 2014).  When water from the municipal system flows towards 

the house, the system sends a signal to a compressor that fills a balloon with air which blocks the 

movement of water beyond the valve (Inflotrix, 2014). The balloon deflates 30 minutes after the 

sensors detect that there is no longer a sewer back-up event (Inflotrix, 2014). According to Inflotrix 

(2014), these valves also require less maintenance as they run a weekly self-analysis to test the 

performance of all complements and notify the homeowner of potential failures.  
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2.1.3 DESCRIPTION OF BACKWATER VALVES IN CANADA 

Numerous models of backwater valves are available for purchase in Canada. The most common 

types of valves identified by plumbers, insurers, and municipal employees are summarized in Table 

1 below.  

TABLE 1: A SUMMARY OF COMMON BACKWATER VALVES IN CANADA. 
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Fullport, 

Mainline 

 

Flap 
Norm. 

Open 

Sewer 

Lateral 

Bottom 

Hinge 
Yes Yes Yes 2% 

 

(DS Plumbing, 

2019) 

ML-FR4, 

Mainline 

Ball 

Float 
- 

Sewer 

Lateral 
- Yes Yes Yes 2% 

 

(Mainline, n.d.) 

DWV, 

Canplas 
Flap 

Norm. 

Closed 

Branch 

Line 

Top 

Hinge 
No Yes Yes 2% 

 

(Canplas, 2016) 

Aqua-

Protec, 

Inflotrix 

Inflate - 
Sewer 

Lateral 
- Yes No No None 

 

(Inflotrix, 2013) 
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The Mainline Fullport valve is the most common type of valve to be implemented in homes.  To 

date, there are over 400,000 Fullport valves installed in residences across Canada and parts of the 

United States (Mainline, n.d.). These valves are designed to be normally-open to allow for air 

circulation in the plumbing system (Mainline, 2013). The flap, as well as the bottom and sides of the 

valve body, have built-in slopes to facilitate the movement of wastewater through the valve and 

prevent solids from accumulating inside the valve (Mainline, 2013). Flow channels were placed 

along the sides of the body to direct wastewater outwards and stop the water from hitting the flap, 

floats, and valve bottom (Mainline, 2013). The flap also rests on ‘dams’ when in the open position to 

inhibit water from circulating back towards the hinges (Mainline, 2013). The Fullport model 

complies with Canadian standards and is equipped with a clear top for ease of visual inspection. 

The manufacturer recommends that these valves are regularly maintained to ensure that all parts 

function and a proper seal will form during periods of sewer back-up (Mainline, 2013). According 

to a professional from the plumbing industry, it is best for the Fullport model to be installed during 

new home construction in order to achieve the recommended 2% grade; however, they can be 

adapted for use in already built homes by cutting out a section of the sewer lateral to connect the 

valve (Gibson, 2017).  

 

Among many other models, Mainline also developed the ML-FR4 backwater valve which rises as 

water fills the valve to rotate the flap into a closed position (Mainline, 2014). This model was 

introduced with the intention to be used mainly for retrofit installations (Mainline, n.d.). Due to the 

float mechanism, there is almost no elevation change across the valve which makes installation 

easier but also limits its self-cleaning functions (Mainline, 2014). Some professionals in the 

plumbing industry suggest that significant solid build-up inside the body of the valve can be 

avoided by positioning the flap and hinge at the top of the valve where they are shielded from 

exposure to wastewater (ICLR, 2018).  

 

The Canplas valve is a normally-closed design featuring a top-hinged flap. As such, this model does 

not meet plumbing code requirements in Canada. Although it legally cannot be installed on sewer 

laterals in Canada, plumbers have reported finding these valves in some homes (ICLR, 2018). 

Similar to the Fullport model, it is ideally installed on new home builds, but can be adjusted for 

existing homes (Canplas, 2016). This valve relies on the slope of the sewer lateral to direct 

wastewater outwards as there is no additional grading in the valve body or features like flow gates 

in the valve (Canplas, 2016).  
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Inflotrix has designed an inflatable-type valve called Aqua-Protec. This model includes the standard 

sensor system that detects sewage back-up and signals for the valve to close (Inflotrix, 2014). It is 

approved to be installed in Canadian homes and requires no minimum slope to work effectively 

(Inflotrix, 2014). One of the main benefits of this valve in comparison to other models is that it is 

able to detect breaks, blockages and build-up in the plumbing system so that proactive measures 

can be taken to maintain or repair issues before sewer back-up occurs (Inflotrix, 2014).  

 

2.1.4 GUIDELINES FOR THE INSTALLATION AND MAINTENANCE OF BACKWATER 

VALVES IN CANADA 

Similar to any other product, efficient operation of a backwater valve is dependent on whether it 

was installed based on standards suggested by experienced individuals. O.Reg. 332/12 represents 

the building code associated with the installation of backwater valves in Canada.  This code outlines 

that backwater valves should be placed within drain or branch line connections below street level 

or on any connections that are downstream of the sanitary manhole cover (Government of Ontario, 

2014). O.Reg. 332/12 also requires that backwater valves that “prevent the free circulation of air 

cannot be installed in a building drain or sewer” (Government of Ontario, 2014).  

 

The American Society of Mechanical Engineers has more advanced standards for backwater valves. 

Not only do their guidelines provide information on the proper operating position of these devices, 

but these standards also outline testing procedures for these valves to ensure that they achieve 

approval from the Canadian Standards Association. These two organisations suggest that 

backwater valves should be installed with a minimum slope of 1:48, which is equivalent to 

approximately 2% (ASME, 2003). They also require that all backwater valves must be designed to 

provide access for maintenance and repair, and that all internal parts must be constructed from 

corrosion resistant materials (ASME, 2003). When backwater valves are tested, the standards state 

that they must be able to withstand pressures upwards of 5 psi for 10 minutes, while being subject 

to only minimal leakage (ASME, 2003).  

 

Maintenance of backwater valves has been an area of uncertainty across the entire plumbing 

community. Current maintenance procedures are based on case studies of past failures experienced 

by individuals working within the plumbing industry. The degree to which solids accumulate inside 

the backwater valve has been reported to be extremely variable from house to house (ICLR, 2018). 

Mainline, one of the companies that manufacture backwater valves suggests a maintenance plan 
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based on a six month period (ICLR, 2018). This company recommends that backwater valves be 

maintained by removing the cleanout cap, inspecting debris build-up on the body, gate, underneath 

the gate, and any O-rings or seals (Mainline, 2013). They also advise homeowners to flush the valve 

with water to remove any solid materials that may have accumulated (Mainline, 2013).  

 

2.1.5 POTENTIAL MODES OF FAILURE IN BACKWATE R VALVES 

Despite having guidelines for the installation and maintenance of backwater valves, many 

communities have reported that these devices have failed in the past. The following is a list of 

potential failures that could occur in backwater valves based on information published by the 

Institute of Catastrophic Loss Reduction as well as in web resources from Canadian municipalities: 

 

 Lack of homeowner knowledge on backwater valves and their maintenance 
requirements (Sandink, 2009; Utilities Kingston, n.d.); 
 

 Lack of maintenance or improper maintenance conducted by homeowner (Sandink, 2009; 
ICLR, 2016; City of Windor, 2011); 

 
 Improper placement of backwater valve relative to other plumbing devices like sump 

pumps (Sandink, 2009; ICLR, 2016; City of Windor, 2011; City of London 2018);  
 
 Improper installation of backwater valves (e.g. lateral is sloped towards home instead of 

away) (Sandink, 2009; ICLR, 2016; City of Hamilton, 2017);  
 
 Condition of the sewer lateral (e.g. blockages, cracks/dents, faulty connections) (City of 

London, 2018); and 
 
 Break in mechanical parts of the backwater valve (eg. O-ring cracks, valve flap is bent) 

(Sandink, 2009; ICLR, 2016; City of Hamilton, 2017; City of Windsor, 2011).   
 

2.2 PURPOSE 

The purpose of this research is to compile data on backwater valve failures from municipalities and 

plumbing companies by using a questionnaire.  Results of the research will identify common issues 

related to the design, installation, and maintenance of backwater valves in Canada. This information 

can be used to develop more effective backwater valve designs, improve existing installation 

procedures for back water valves, and educate homeowners on proper usage of backwater valve 

devices in order to avoid future failures. Findings from this report are also used to determine the 

area of focus for the experiments performed in Chapter 3.  
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2.3 MATERIALS AND METHODS 

2.3.1 USING A QUESTIONNAIRE TO COLELCT DATA FROM WORKERS  

A questionnaire, which can be seen in Appendix A-1, was developed to collect information on 

causes of backwater valve failures from professionals within the plumbing industry. The 

questionnaire was designed to give participants freedom in their answers so as to not limit the 

responses to the questions asked. To maintain confidentiality for the person filling out the 

questionnaire, the survey was left completely anonymous with regards to the name of the 

participant and the area or company in which they work. In order to gather data from the 

questionnaire, some individuals were interviewed over the phone or in person, and others filled out 

their responses via email. In total, six different communities participated in this study.  

 

In order to analyse the data, the answers to the questionnaire were categorised based on the type of 

issue described in the response. The response to each individual question was then graphed in bar 

charts to provide a visual representation of the data that was collected.  

 

2.3.2 OBTAINING A CASE STUDY FROM A BACKWATER VALVE  

During the data collection period, a participant volunteered to provide a case study on the 

installation and maintenance of her own backwater valve. This participant allowed researchers to 

observe the backwater valve installation as well as return to the home two months after the 

installation to participate in the maintenance of the valve. Observations and pictures were taken 

during both the visits to the home; however, this case study was primarily based on anecdotal 

evidence.  

 

2.4 RESULTS AND DISCUSSION 

2.4.1 ANALYSIS OF QUESITONNAIRE RESPONSES 

Question 1 of the survey asks the participant to approximate the total percentage of homes in their 

community that have installed backwater valves. The responses to the question can be seen in 

Figure 3 below. This graph reveals that most houses in each community do not contain a backwater 

valve.  The responses indicate that over half of the communities that participated in the study 

reported having less than 10 percent of homes with a backwater valve. A low percentage of 

backwater valves could suggest that those communities do not experience flooding often. Another 

reason could be that there are no incentive programs or advertising for the use of a backwater valve 

in those areas.  
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FIGURE 3: GRAPH OF PERCENTAGE OF HOMES PER COMMUNITY THAT WERE REPORTED TO HAVE A BACKWATER VALVE. 

 

Figure 4 below displays a bar chart of responses submitted to question 2 of the survey. This 

question asks participants to list five common reasons why customers call with complaints 

regarding their backwater devices. All of the responses that were submitted were separated into 

four categories based on the type of issue that was addressed. As seen in Figure 4 below, 

installation and maintenance are the number one causes of backwater failures in the communities 

that participated in the survey. This could be due to a lack of knowledge from professionals and 

homeowners on how to properly care for this backwater product. Since backwater valves are a 

fairly recent development, there may not be a clear understanding of factors that could contribute 

to solid deposition in the valve or the importance of installing these devices up to the standard 

outlined by the recommended guidelines. The lowest number of responses was related to the 

mechanical design of the backwater valve itself; meaning that the manufacturers of the valves have 

created products that are robust enough to withstand the pressures placed on the system during 

sewer surcharge events. This suggests that it is unlikely for backwater valve failures to occur as a 

result of a critical design flaw in these valves and that the cause of failure is more likely due to 

improper use of the product.  
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FIGURE 4: GRAPH OF FREQUENCY OF COMPLAINTS RELATED TO EACH TYPE OF BACKWATER VALVE ISSUE. 

 

The graph displayed in Figure 5 below illustrates the percentage of valves reported by 

professionals to be installed incorrectly in homes. These results show that on average, 30% of 

backwater valves are not installed up to standards, meaning that they were either installed either 

backwards, or at a slope of less than 2% (ASME, 2003). Lack of correct installation could be due to 

limited  knowledge on how these devices are supposed to be installed. Another reason could be that 

the plumber is unable to install the valve correctly due to external factors that are beyond their 

control.  

 

 
FIGURE 5: GRAPH OF PERCENTAGE OF BACKWATER VALVES REPORTED TO BE INSTALLED INCORRECTLY PER COMMUNITY. 
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To confirm the findings in Figure 5 above, the next question in the survey asked participants to list 

three common installation errors that they have experienced when tending to issues with these 

backwater valves. The answers submitted to the questionnaire can be seen in Table 2 below. From 

the responses listed in this table, some of the most common problems associated with installation is 

that the valve is installed on a sewer lateral having an incorrect or inappropriate slope.  Since the 

valve is installed along the lateral pipe of the home, it is difficult to create an ideal operating 

environment for the backwater device as the only way in which to correct the slope would be to 

remove and replace the entire lateral. With so many homes being constructed prior to the 

implementation of backwater valves, it may be worth reassessing the design of the backwater 

valves to incorporate an internal slope in order to limit the need for external factors in the home to 

influence the performance of these products.  

 
TABLE 2: LIST OF COMMON INSTALLATION ERRORS REPORTED BY PLUMBING PROFESSIONALS. 

Common Installation Issues as Reported in the Questionnaire 

 Slope is not steep enough 
 Debris caught in threads and O-ring 
 Garbage fell into drain system before occupancy  
 Other flood protection devices not installed correctly 
 Missing O-ring  
 Lateral is back-sloped  
 Valve was cemented or glued 
 Heavy objects placed on top of valve preventing future access 
 Faulty connections to pipe  
 Groundwater flooding into valve 

 

Figure 6 below illustrates the percentage of homeowners that are aware of the maintenance 

procedures for their backwater valves. The results found in this figure suggest that there is an 

overall lack of knowledge on the part of homeowners on how to properly care for their valves. This 

is especially concerning for valves that are installed incorrectly because the lack of a proper slope 

may cause the water to move too slowly to scour materials out of the valve. Houses with valves that 

have been installed incorrectly means that homeowners need to take extra precautions in 

protecting their valve against solids accumulation. Having a lack of information of the maintenance 

of these valves could deter the homeowner from providing the proper care required for these 

devices as they would not be able to adapt the recommended maintenance procedures based on 

their individual household conditions. Another problem could be that the lack of knowledge is 

preventing homeowners from maintaining their valve at all which could be extremely detrimental 

in preventing the backwater valves from failing during heavy rainfall events.  
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FIGURE 6: GRAPH OF PERCENTAGE OF HOMEOWNERS AWARE OF MAINTENANCE PROCEDURES FOR BWVs PER COMMUNITY.  

 

In order to determine the type of maintenance issues being experienced by homeowners, the last 

question of the survey asks participants to comment on some common issues they have come in 

contact with during their time working in the plumbing industry. These results are listed in Table 3 

below. All of the responses outlined in the table have been observed to be associated with the 

deposition of solids in the valve, whether it be that the homeowner not maintaining their valve, or 

that they are discharging inappropriate wastes into the sewer system of their home.  

 
TABLE 3: LIST OF COMMON MAINTENANCE ISSUES REPORTED BY PLUMBING PROFESSIONALS. 

Common Maintenance Issues as Reported in the Questionnaire 

 Grease build-up  
 Flap cannot close because debris is blocking it  
 Lack of maintenance  
 Did not have right equipment to take cover off  
 Flushing valve did not get rid of material that was stuck  
 Improper procedures for maintenance 
 Garbage was flushed down toilets (sanitary wipes, diapers) 
 Did not have proper tools to access valve  
 Debris on top of flap and in hinges  
 Debris around seal  
 Flap is stuck to bottom of valve  
 Hygiene products flushed down toilet 
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2.4.2 CASE STUDY ANALYSIS 

To collect data for the case study, observations during both home visits (the first for installation, 

the second for maintenance) were recorded in Table 4 below. As described in Table 4, the 

installation procedures of these backwater valves need to be done by a professional. Many of the 

tasks involved in the installation required ‘hard’ materials to be cut to certain specifications to 

ensure that all parts fit together properly. One of the most concerning comments made by the 

plumber that did the installation was that in most cases, a backwater valve has to be installed using 

the existing slope of the lateral. This means that many valves could be installed on laterals with 

slopes less than the suggested guideline of 2%, creating less than ideal conditions for valve 

operation. It was also observed that particles from the surrounding area can fall into the valve very 

easily. Although this was not predicted to create significant issues in the operation of the valve in 

this case study, the valve could become clogged with unwanted materials during the installation 

process if installation procedures are not followed.  

 

When analysing the observations made during the maintenance stage of the home visit, many 

concerns by the homeowner were brought up about the maintenance being very difficult. The 

condition of the device was observed to be poor as the size and amount of the particles in the device 

could not be easily removed without aggressively scrubbing or prying the deposits off of the valve 

surfaces. Since the homeowner in the case study reported having a high knowledge of backwater 

valves from working in the wastewater industry, she and her family have been very conscious 

about the types of materials being flushed down the drains. The degree to which the solids 

accumulated in the valve was much higher than expected, especially knowing that this household 

was actively working towards reducing potential build-up, which is more than what the average 

homeowner would do. The concerning thought with this case study is that the solids accumulation 

found in the valve was sufficiently large to prevent the flap from moving freely after only two 

months, when the suggested maintenance schedule by many professionals in the plumbing industry 

is set for six months (ICLR, 2018). One reason in which there could have been a high degree of 

solids build-up in the valve is that the slope of the valve was reported by installers as being too low. 

This could mean that the slope was not generating a water velocity that was fast enough to force 

materials out of the main body of the valve. With regard to other homes that have backwater valves 

installed at an incorrect slope, it may mean that those homeowners need to be made aware to have 

to clean their valve more often than the recommended time period. Based on the observations 

recorded during the home visits in Table 4, it appears that the maintenance of these valves can 
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become difficult, which may discourage homeowners from performing any maintenance at all on 

their devices.  

 

TABLE 4: OBSERVATIONS RECORDED DURING HOME VISITS 

Observations of Installation Observations of Maintenance (2 months after install) 
- Hole in cement near cleanout was cut prior to 

plumber’s arrival 
 

- Plumbers noticed that slope of the lateral was 
close to horizontal as water was observed to 
accumulate in the pipes, they commented that it is 
hard to change the slope once the home has been 
built, so valves are installed at existing slopes 

 
- Water in the house is turned off to perform 

installation to make sure that water did not enter 
the household lateral during this time and flood 
the workspace 

 
- The lateral was cut to make room for the valve to 

be inserted 
 

- Sand was poured into the hole to create a level 
base for the valve to sit on 

 
- The valve was glued into the lateral  

 
- The remaining sand was poured around the valve; 

some sand did fall into the valve as the cleanout 
was open  

 
- A plastic box was inserted around the valve, the 

plumbers described this box as an object that 
keeps the soil and surrounding sand from moving 
into the valve 

 
- The shower was turned on to test for any leaks in 

the system by allowing water to be discharged 
through the household lateral into the newly 
installed backwater valve 

- Cleaning box placed on top of the valve has caved 
in on sides, leaving little room to work  
 

- There are a lot of large sized objects that have 
deposited in the valve body, as well as about 5 cm 
of standing water in the valve  

 
- The objects appear to be clumps of stool and 

toilet paper 
 

- The participant was unable to remove the 
cleanout cap, it appeared to be fastened too 
tightly to the valve 

 
- The next attempt was to unscrew the bolts on the 

valve to remove the entire valve cover, but due to 
the limited space in the protective box, a straight 
wrench was needed to loosen the screws. The 
participant did not own a tool like this and had to 
call someone to bring it for her; the homeowner is 
under the impression that most people would not 
own the required tools 

 
- Once the valve cover was off, the flap was 

removed, the underside of the flap appeared to be 
coated in a “black, slimy layer”  

 
- The homeowner described having a lot of trouble 

getting the flap to unstick from the valve body, 
she had to pry the flap off using a hammer 

 
- The participant turned the shower on to try to 

flush the valve, the water did not appear to be 
flowing fast enough to remove the deposited 
materials.  

 
- She mixed soap and water in a pail and poured it 

down the valve which had some success.  
 
- To remove the solids, she pushed them further 

down the cleanout with a brush, and then 
proceeded to remove the solids build-up by 
scrubbing with soap and water.  

 
- Once the valve was cleaned, she flushed the valve 

using water from the shower.  
 
- The homeowner reported that maintaining the 

valve took a lot of effort and she would prefer to 
call a professional to clean the valve in the future.  
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2.4.1 LIMITATIONS TO THE RESEARCH  

One of the largest challenges faced with gathering information for the questionnaire was a lack of 

response from professionals working within the plumbing industry. There was considerable 

interest and encouragement from individuals in support of the research, however many of these 

people did not provide answers to the questionnaire due to the fear of releasing sensitive 

information to the public. Having more responses would help validate the results as it increases the 

accuracy of the answers provided. It would also help determine how common each of the failures 

are and provide insight into how these failures differ between communities and across the country 

based on the expertise of plumbers and promotion of backwater valves in each area. Another 

concern is that the responses submitted by individuals may have been biased or skewed as to not 

reveal information that would jeopardise the reputation of the companies that these plumbers 

work for. To obtain more data, a suggestion would be to accompany various professionals into 

homes when they are called to install or maintain backwater valves. This will allow the researcher 

to collect their own set of data and observations instead of relying on others to provide that 

information.  

 

2.5 CONCLUSIONS AND RECOMMENDATIONS 

This study was focused to identify common reasons for backwater valves to perform poorly during 

large storm events by asking professionals in the plumbing industry to submit responses to 

questions outlined in a survey. The results indicate that installation and maintenance are the two 

most common causes of valve failures. These findings also suggest that a lot of the issues 

surrounding installation and maintenance are attributed to a lack of knowledge on backwater 

devices and the procedures required in maintaining a ‘healthy’ valve. Due to the low participation 
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rate in the questionnaire, future work on this research should focus on increasing the number of 

responses gathered for the study in order to boost the accuracy and reputability of the results, as 

well as identify any further trends that may be revealed in other communities across Canada.  
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CHAPTER 3: AN INVESTIGATION INTO SOLIDS DEPOSITION AND DEBRIS BUILD-UP IN 

BACKWATER VALVES 

3.1 INTRODUCTION 

Solids deposition as a result of improper installation and maintenance of backwater valves is one of 

the leading causes of failures during sewer surcharge events (ICLR, 2016). Solids deposition is a 

very common concern in the design and management of municipal wastewater systems (Ashley, 

2005). Cities develop their own set of design criteria for sewers and water mains to avoid blockages 

in the wastewater system as a result of debris build-up. Since the type of water that flows past the 

backwater valve is the same type of water entering urban wastewater systems, knowledge of 

wastewater pipes can be applied to provide an understanding of factors that may lead to solids 

deposition in backwater valves.  

 

3.1.1 SIGNIFICANCE OF SLOPE IN SEWER SYSTEMS  

As particles suspended in the water travel through a pipe system, they are subject to various forces 

including the force of drag and the buoyant force acting upwards, and the force of gravity acting 

downwards, as seen in the figure below (Shearer & Hudson, 2011).  

 

 

Figure 7: FORCES ACTING ON A PARTICLE IN SUPENDED IN WATER (Shearer & Hudson, 2011) 

 

Stokes Law states that particles in a fluid medium are able to drop out of the flow and settle in pipes 

when the particle settling velocity is lower than a critical value, which can be calculated using the 

Equation 1 (Gulliver, Weiss, & Erikson, 2010).  

 

 𝑉 =
𝑔 (

𝑆𝑠
𝑆𝑤 − 1) (𝑑)2

18(𝑣)
 

Eq.(1) 
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Where V is the settling velocity of the particle in m/s, g is the acceleration due to gravity in m/s2, Ss is 

the specific gravity of the particle, Sw is the specific gravity of water, d is the average diameter of the 

particle in m, and v is the kinematic viscosity of water in m2/s.  

 

The critical settling velocity describes a situation in which the buoyant and drag forces are equal to 

the force of gravity. Below the critical settling velocity, the force of gravity overcomes the opposite 

forces, allowing the particles to settle out of the water. To ensure that that a minimum settling 

velocity is achieved in a pipe and in order to ensure that solids do not accumulate in the pipes, 

sanitary sewers are designed to achieve a minimum velocity at all times, regardless of flow 

conditions (City of Toronto, 2014) (Ministry of Environment, 2003) (Town of Ajax, 2009). This 

velocity is called the self-cleansing velocity, and is usually defined as having a value of 

approximately 0.6 m/s (City of Toronto, 2014).  Most urban water systems rely on gravity to 

transport wastewater through the pipes toward a treatment plant, which limits the factors that can 

be used to control the flow (Town of Ajax, 2009). One method engineers can ensure that a self-

cleansing velocity is achieved is by using Manning’s equation to determine a minimum design slope, 

as (City of Toronto, 2014).  

 

 𝑉 =
𝑘

𝑛
  𝑅ℎ

2
3 𝑆

1
2 

Eq. (2) 

   

where V is the velocity in m/s, k is the conversion factor between SI and English units (which holds a 

value of 1 for SI units), n is the dimensionless Manning’s coefficient of roughness, Rh is the hydraulic 

radius in m, and S is the slope of the hydraulic grade in m/m.  

 

The minimum design slope is used in the construction of many components of the wastewater 

system, including any connections to the main sewer. The household lateral, which links individual 

homes to the public wastewater system, has its own specific guidelines based on the design criteria 

for sanitary sewers. Household laterals are very important to the operation of backwater valves as 

these devices are installed along this pipe (ICLR, 2016). Most municipalities suggest that the private 

lateral has a minimum diameter of 4 inches and a minimum slope of 2% to prevent materials from 

settling in the pipes (City of Toronto, 2014). Due to these requirements, the suggested installation 

procedures for backwater valves follow the same design criteria of the private laterals. Individuals 

working within the plumbing industry have reported observing many homes with household 

laterals that do not meet these minimum requirements (ICLR, 2018). Typical slopes identified 
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during inspections have fallen between zero and two percent (Gibson, 2017). Another common 

issue is that some homes have experienced household laterals that are reverse-sloped back towards 

the house (Gibson, 2017) (Siu, 2017). Since adjusting the slope of a household lateral after the home 

is built is difficult, backwater valves have typically been installed using the existing slope, which 

creates conditions that may encourage solids accumulation (ICLR, 2018).  

 

3.1.2 SIGNIFICANCE OF POPULATION DENSITY IN SEWER SYSTEMS  

Population growth increases municipal water demand and usage. With more water is required to 

fulfill the needs of higher density populations, wastewater quantities are expected to increase as 

well (Rosegrant, Cai, & Cline, 2002). This could have a significant impact on the rate at which solids 

are deposited within a sewer system. Greater wastewater volumes can lead to faster accumulation 

of solids build-up within the pipes, as the increase in water volume flowing through the pipes 

provides more opportunity for solids to deposit.  

 

3.1.3 SIGNFICANCE OF WASTEWATER COMPOSITION IN SEWER SYSTEMS  

The condition of the sewer pipe network is highly dependent on the types of materials that are 

flushed down the drains in homes. Fats, oils, and grease (FOG) are a major source of problems in 

many sanitary sewer systems (City of Toronto, 2014). The most common way that FOGs enter the 

sewers is through food wastes (Wallace, Gibbons, O'Dwyer, & Curran, 2017). Items such as meats, 

salad dressings, gravies, cooking oil, and butter are notorious for being flushed down kitchen sinks 

(Wallace, Gibbons, O'Dwyer, & Curran, 2017). The issue with FOGs is that they normally enter 

wastewater pipes when they are hot – when they cool down inside the pipe they typically harden to 

the inside walls of the pipe  (Wallace, Gibbons, O'Dwyer, & Curran, 2017). Once FOGs have begun to 

deposit inside a sewer, they provide a base for other debris, dirt, and more FOG products to attach 

and accumulate. Over time, the build-up of materials in the pipes causes blockages, which restricts 

the flow of wastewater in the sewer.   

 

3.1.4 SIGNIFICANCE OF TYPE OF BACKWATER VALVE ON SOLID DEPOSITION 

Backwater devices have been designed to facilitate the movement of waste materials through the 

valve. Each model utilises a different approach to achieve this goal. The Mainline Fullport valve 

follows a normally open design, meaning that the flap lies on the bottom of the valve which is 

beneficial for ensuring that flow is not restricted (Mainline, 2013). This valve is also equipped with 

flood channels and a built-in slope that aids in diverting wastewater from the inlet to the outlet 
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(Mainline, 2013). The Mainline Retrofit valve and the Canplas valve are normally closed valve, both 

designed with the flap secured to the top of the valve to prevent materials from getting trapped 

inside the valve body (Mainline, 2014) (Canplas Plumbing, n.d.). All three valves are illustrated in 

Table 5.  

 

TABLE 5: ILLUSTRATIONS OF THE THREE MOST COMMON BACKWATER VALVE MODELS. 

 

(Mainline, 2013) 

 

(Mainline, 2014) 

 

(Canplas Plumbing, n.d.) 

Mainline Fullport Valve Mainline Retrofit Valve 
Canplas Normally Closed 

Valve 

 

3.2 PURPOSE  

The purpose of this paper is to evaluate the effect of solid deposition on backwater valve 

performance through a series of laboratory experiments. Three different factors that contribute to 

build-up in the valves are investigated; slope, number of people per residence, and wastewater 

composition. Results of the research will identify the best operating conditions for each of the three 

types of backwater valves, which can be used to determine which backwater valve model is best 

suited for a home based on individual household characteristics. The information described can 

also help develop new installation and maintenance guidelines to maximise the performance of 

these devices.  

 

3.3 MATERIALS AND METHODS 

3.3.1 VALVE SELECTION 

Some backwater valves are much more commonly installed than others. Due to this fact, only the 

three most popular types of valves were selected to carry out the laboratory experiments. The 

backwater valves selected were the Mainline Fullport Valve, Mainline Retrofit Valve, and the 

Canplas Normally Closed Valve. These three valves are similar in cost and operate based on a 

mechanical system, allowing for comparison between one another. The Aqua-Protec valve 
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discussed in Chapter 2 is significantly more expensive, and comes equipped with a system that 

detects when the valve is not functioning properly, which suggests that there should never be solids 

build-up in the valve (Inflotrix, 2014). Since the focus of the experiments was to evaluate failures as 

a result of solids deposition, the Aqua-Protec valve was deemed to be an unsuitable fit for this 

study.  

 

3.3.2 MODEL SELECTION 

This research utilised two different software programs to produce digital elevation models (DEMs) 

of the solids build-up in the valves.  DEMs were necessary for this study in order to extract 

information on the height and extent of accumulation over time. The two programs were Agisoft 

PhotoScan and ArcGIS.  Agisoft PhotoScan was used to create the 3-D models of the backwater 

valves, whereas ArcGIS was used to process the DEMs and generate visually appealing 

representations of the data.   

 

Agisoft PhotoScan is a photogrammetric processing program that converts digital images into 3-D 

models (Agisoft LLC, 2013).  This program uses coded markers of a known size and location to 

triangulate dimensions of the objects in the images (Agisoft LLC, 2013). It was chosen for its ease of 

use and ability to recreate items with a high degree of accuracy (Agisoft LLC, 2013).  

 

ArcGIS is a software program that plots and analyses spatial data (Hillier, n.d.). The purpose of this 

program is to create interactive maps, charts, and graphs that clearly outline trends in data sets 

(Hillier, n.d.). It was chosen for this research due to its wide application in displaying and 

interpreting information, as well as its capability to manipulate data contained in DEM files.  

 

3.3.3 MODEL SET-UP  

In order for the digital images to be processed properly by the Agisoft PhotoScan program, there 

are procedures that must be followed to ensure that the workspace and equipment is set-up to 

produce high quality photos. A list of materials used to prepare the valve for the image capturing 

can be found in Appendix A-2.  

 

The first step in preparing to take photos was to adjust the camera settings to maximise the amount 

of light in the pictures while minimising blur. This was accomplished by installing a lens with a 
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short focal length, as well as modifying both the aperture and shutter speed. For this research, a 24 

mm focal length, F20 aperture, and 1/125s shutter speed were used.  

 

The next step was to glue coded targets provided in the Agisoft PhotoScan program to a large piece 

of graph paper to assist with image alignment and scaling/referencing of the point cloud data. It 

was important to ensure that the targets were evenly distributed around the entire valve and 

workspace, as demonstrated in Appendix A-3. The type of targets used in this thesis was 12 bit 

circular targets with a center radius of 5 mm. Once the targets were placed, a marker, ruler, and 

calipers were used to measure the (x, y, z) coordinates and distance of each target by setting one 

target as the datum.  Information on the targets was then saved under the reference tab in the 

Agisoft PhotoScan program.  

 

Following this, glare was reduced in the valve by removing all of the standing water using a paper 

towel. The valve was also leveled to ensure it remained flat and even in height from one side to the 

other. To prevent light from reflecting off the plastic in the valve, a thin layer of white chalk was 

sprayed on all surfaces prior to taking photos of the valve. An example of this procedure is included 

in Appendix A-4.  

 

3.3.4 MODEL SIMULATION 

The Agisoft PhotoScan program requires a data photoset to be input in order to create a 3-D model 

of the valves. To ensure that the pictures captured for this project did not contain any blur, a 

camera tripod and wireless remote shutter were used so that the camera was held steady during all 

operations. The number of pictures needed to create a 3-D model varies depending on the amount 

of desired detail in the model, as well as the processing time. Using more photos results in a longer 

processing time, but produces a 3-D model with a higher degree of detail. For the valves under 

review in this paper, a data set of 15-20 pictures was used to optimise detail while keeping the 

processing time to a minimum. When taking pictures for the program, more photos than needed 

were employed (25-35 images) so that a variety of different images were available to be chosen to 

create the data set. For aerial photography it is best practice to minimise the number of “dead 

zones” in the photos by taking pictures from different perspective and angles that overlap one 

another (Agisoft LLC, 2013).  Previous photogrammetric methods follow a guideline of 60% side 

overlap and 80% forward overlap between photos, which are equivalent to approximately 15 

overlapping images (Morgan, Brogan, & Nelson, 2017). An example picture data set used in this 
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study is included in Figure 3 of Appendix B. It is also important to note that Agisoft PhotoScan can 

only process unmodified photos. “Manually cropped” or “geometrically warped” images often fail or 

produce results that are highly inaccurate (Agisoft LLC, 2013). An example photo data set can be 

found in Appendix A-5.  

 

Once a suitable photo data set was achieved, the model simulation in Agisoft PhotoScan was 

conducted through a series of steps in a batch process. The steps, which are outlined in more detail 

in Appendix A-6, are as follows: 

 

1. Create a workflow by inputting a photo data set.  

2. Identify markers and input their location and distance measurements.  

3. Align photos to form an overlapping image of the entire backwater valve.  

4. Build a dense cloud to form a point-based, 3-D model of significant features in the valves.  

5. Build a mesh for the 3-D model to identify the region in which the reconstruction should occur.  

6. Build a tiled model to reconstruct the textures between unknown areas of the dense cloud.  

7. Build the DEM to gather height field data.  

 

After the DEMs were constructed, they were exported as a .TIF file to be post-processed in ArcGIS. 

In ArcGIS, the colors and scale bars were adjusted to make sure each DEM included the same 

information and layout for comparison purposes. Within this program, titles, legends, and labels 

were added to improve the visual presentation of the data and make the data easier to interpret. 

 

3.3.5 MODEL ERROR ANALYSIS  

Agisoft PhotoScan has the ability to produce reports on the performance of the program during all 

steps of the 3-D model creation process. Within these reports, the total error in the DEMs as a result 

of the program estimating height values from the picture data sets is calculated. This information 

was used to identify whether the experience of the camera operator would have a significant 

influence on the accuracy of the DEM results generated in Agisoft. Twelve people with varying 

photography experience were instructed to take a set of pictures of the same valve, and each of 

these data sets was run through the Agisoft program to produce 3-D models. To ensure all 

participants received the same information on how the pictures should be captured, the 

instructions were written on a data sheet that the participants read before proceeding with the 

experiment. An example of this data page is included in Appendix A-7. The error reports from the 
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twelve different photo sets were compared in order to examine any potential correlations between 

the experience of the camera operator and the amount of error in the model.  

 

3.3.6 OVERVIEW OF EXPERIMENT APPARATUS 

All laboratory experiments conducted in this research were assembled as per the apparatus 

illustrated in Appendix A-9.  The intention of the apparatus was to create a system that would 

simulate the way in which wastewater and greywater would cycle past a backwater valve in a 

household setting. A valve assembly was created by connecting a series of PVC pipes and fittings to 

the backwater valve. The valve assembly was secured to a table to provide support to the system. 

Two large bins (one for the wastewater and one for the grey water) were placed on the ground near 

the outlet of the valve assembly. These garbage bins each housed two submersible water pumps. 

Clear, plastic tubing was attached to the pumps and ran from the garbage bins to the inlet of the 

valve assembly, where they were secured with duct tape.  

 

3.3.7 OVERVIEW OF EXPERIMENTAL PROCEDURE 

The general method for conducting the laboratory tests in this thesis was to circulate wastewater 

and grey water through the valve assembly while adjusting the lateral slope of the pipe system, the 

number of people living in the household, and the composition of surfactants and FOGs in the 

greywater.  

 

Water mixtures were prepared based on the total volume of water that a household would use per 

day, as discussed in Appendix A-12. Determination of the water volumes are further outlined in 

Appendices B-3 and B-4. The water mixtures were categorised into two types; wastewater and grey 

water. In order to simplify the procedure and create consistency in the composition of the water 

mixtures, a synthetic recipe for each type of water was used. The wastewater recipe, listed in 

Appendix A-11, was extracted from the “Reinvent the Toilet” challenge that occurred in India in 

2014. “Reinvent the Toilet” was a competition that aimed to create a mixture that best resembled 

the properties of “real” faecal sludge. The greywater recipe was composed on the basis of 

concentration of surfactants and FOGs as described in Appendix A-11. The concentration of 

surfactants and FOGs in the greywater was determined based on a research paper that analysed 

wastewater from various water treatment plants in Vancouver, Canada (Vazquez, 2018). From the 

Vazquez study, the concentrations of FOGs from each of the wastewater treatment plants was 

grouped into high, medium, and low categories and the value of each category was then averaged to 
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produce the concentrations found in this paper. Once the water mixtures were prepared, they were 

each poured into separate garbage bins at the outlet end of the valve assembly.  

 

Next, each of the water mixtures was cycled through the backwater valve separately. The greywater 

was cycled through first, followed by the wastewater. In order to transport the water through the 

system, both pumps in the garbage bin were turned on at the same time and adjusted to the 

appropriate flow rate, as determined in Appendix B-1 and B-2. The flow rate of the pumps was 

tested using a graduated cylinder and stopwatch. Once the correct flow rate was achieved, the 

pumps were set to run until the daily volume of greywater, which can be found in Appendix A-12, 

had passed through the valve.  

 

Once both the grey water and wastewater had been pumped through the system, the pumps were 

shut off and the backwater valve was set aside to dry for 22 hours. After the 22 hours had passed, 

the remaining water in the valve was removed carefully using a paper towel to ensure that the 

particles in the valve were not disturbed. Then, the backwater valves were prepped for the DEM 

process following the model set-up and simulation procedures outlined in Chapters 3.3.3 to 3.3.6.  

 

This process was completed seven times for each valve in order to produce a data set that 

represented solid deposition in the valve over a seven day period. Nine data sets were created in 

total, as illustrated in Figure 8 below. The first five data sets examined the effects of lateral slope in 

the valve. An additional two data sets were conducted on household density, and another two on 

wastewater composition. While one of the factors was being studied, the other factors were kept 

constant at the base operating conditions. For example, during the experiments involving lateral 

slope, the household density was held at three people per house, and the wastewater composition 

at a medium concentration of surfactants and FOGs while the slope was being varied. The next 

three sections describe each experiment in more detail.  
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FIGURE 8: FLOW CHART OF GENERAL EXPERIMENTAL PROCEDURES.  

 

3.3.8 EXPERIMENT 1: EFFECT OF SLOPE ON SOLID DEPOSITION  

Experimental series 1 examined the effect of slope on solid deposition in each of the three 

backwater valves. The slope was adjusted by adjusting the inlet side of the valve using plastic door 

wedges. The slope was determined using a ruler to measure the heights of the inlet and the outlet of 

the valve assembly and dividing by the length of the entire pipe system. To conduct the experiment, 

the slope was varied from -2% to 10% while all other experimental conditions remained constant, 

as outlined in Appendix A-14.  

 

3.3.9 EXPERIMENT 2: EFFECT OF HOUSEHOLD DENSITY ON SOLID DEPOSITION  

Experimental series 2 examined the effect of household density on solid deposition in each of the 

three backwater valves. The household density was increased from the base operating condition of 

three people per household to four and five people per household, while the slope and wastewater 

composition were held constant. These sets of experiments can be seen in more detail in Appendix 

A-15. To adjust the experimental conditions for household density, the volume of water, and the 

amount of ingredients used to make both of the water mixtures were increased with respect to the 

number of people per household, which is described in Appendix A-11 and A-12.  

 

3.3.10 EXPERIMENT 3: EFFECT OF WASTE COMPOSITION ON SOLID DEPOSITION  

Experimental series 3 examines the impact of waste composition on solids deposition in each of the 

three backwater valves. Waste composition was determined based on the concentration of 

surfactants and FOGs in the grey water, as listed in Appendix A-11.  One data set using high 
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concentrations of products in the greywater and one data set using low concentrations were 

obtained during this experiment. The concentration of the grey water was altered while the slope 

and household density remained at 2% and 3 people per household, respectively. The experimental 

conditions for this part of the laboratory tests are included in Appendix A-16.  

 

3.3.11 EXPERIMENTAL VALIDATION 

The experimental validation was completed by comparing the manual measurements taken for the 

solid deposition in each valve over time with the height of the material build-up as determined from 

the DEMs. The error between the values measured manually and the software-generated values 

was calculated to identify the difference between the two types of measurements. 

 

3.4 RESULTS AND DISCUSSION 

In order to evaluate the significance of lateral slope, household density, and wastewater 

composition on the rate and accumulation of solid deposition in the valves, the “Day 7” DEMs 

created from all of the experiments were plotted beside one another. The DEMs were separated 

based on the type of variable that was under study. This means that all DEMs that examined slope 

were only evaluated against the remainder of the slope trials of the experiment, with the other two 

factors also following the same method of comparison. For reference, the base model of each valve, 

which represents a scenario with no solids build-up, was also included in the results.   

 

To supplement the DEM data, a set of graphs displaying the amount of solids accumulation over the 

seven day trial was also developed. These graphs outline specific height values of the build-up in 

increments of one day. The purpose of the graphs was to be able to assess the rate at which the 

solids were depositing in the valves over the total length of the experimentation period.  

 

3.4.1 ANALYSIS OF THE EFFECT OF SLOPE ON SOLID DEPOSITION  

Figure 9 below illustrates the total amount of solid deposition at the end of the seventh day of the 

experiment for all slopes tested with the Mainline Fullport valve. As seen in the DEMs, increasing 

the slope of the pipe system resulted in a decrease in both the height of the solid deposits, as well as 

the percentage of the valve covered with solids. The slope of -2% generated the largest amount of 

solid deposition having a value of approximately 4.1 mm, and the trial conducted with a slope of 

10% showed the least amount of build-up having a value of 1.5 mm. These results also identified 

the underside of the flap as an area of concern for solid accumulation. As apparent in the DEMs the 
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majority of the solids were deposited along the ridges in which the flap rests on, when in the 

normally-closed position, as well as at both the inlet and outlet ends of the flow channels. Through 

observing the water flow across the valve during experimentation, it was noted that the water 

would collect near the outlet of the valve, causing it to back-up into the flow channels and lift the 

floats to allow water into the space beneath the flap. This motion created an oscillating effect on the 

flap, causing it to repeatedly pulse up and down while the water was running through the system. 

The movement of water up the flow channels, into the main body underneath the flap, and then 

back down the middle towards the outlet again also caused the water to exhibit a “whirlpool-like” 

pattern in the valve.  

 

 

FULLPORT CLEAN VALVE FULLPORT SLOPE -2% 
 

  
PERCENTAGE COVERAGE: 0% PERCENTAGE COVERAGE: 60% 

FULLPORT SLOPE 2% FULLPORT SLOPE 10% 
 

 

 

 
PERCENTAGE COVERAGE: 45% PERCENTAGE COVERAGE: 20% 

 

FIGURE 9: SOLIDS DEPOSITION ON DAY 7 OF EXPERIMENTATION ON THE FULLPORT VALVE FOR VARIOUS LATERAL SLOPES. 

FLOW FLOW 

FLOW FLOW 
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The solids deposition beneath the flap could be due to the velocity being too low in the valve body, 

especially when the slope is reduced. As described in Chapter 3.1.1, velocity is a very important 

aspect of design in many wastewater systems as it determines how likely particles will accumulate 

in the pipes (City of Toronto, 2014). Table 6 summarises a series of velocity calculations performed 

on the Mainline Fullport valve, which are included in Appendices B-8 to B-10.  

 
TABLE 6: CALCULATED VELOCITY VALUES IN THE FULLPORT VALVE. 

Slope 
Critical Settling 
Velocity (m/s) 

Self-Cleansing 
Velocity (m/s) 

Velocity in Pipe 
System (m/s) 

Velocity in Valve 
Body (m/s) 

-2% 

0.98  0.6 

- -  

0% 0.00 0.000  

2% 0.75  0.493  

5% 1.18 0.779 

10% 1.67  1.101  

 

As described in Table 6, the velocity in the valve is significantly lower than the velocity in the pipe. 

This is due to the valve having a wider area than the pipe, meaning that the same volume of water is 

able to distribute over more space, which causes a reduction in the flow rate.  Although the pipe is 

said to have achieved a velocity greater than the self-cleansing velocity at the recommended design 

slope of 2%, the velocity in the valve body does not meet this standard, providing opportunity for 

particles in the wastewater to drop out of the flow and settle (Gulliver, Weiss, & Erikson, 2010). 

This observation suggests that the slope of the valve assembly must be steeper than 2% to avoid 

solids accumulation over the entire surface of the backwater valve system. From Table 6, it was 

determined that as the slope was increased, the velocity also increased, which would lead to 

reduced solid accumulation. This observation confirms the DEM results displayed in Figure 9 as less 

solid build-up was seen with higher slope values.  

 

When evaluating the velocities in Table 6, it was determined that the critical settling velocity 

displays a value much higher than the self-cleansing velocity, which may be a result of the assumed 

particle diameter in the calculations. The particle diameter of solids in the wastewater mixture may 

be larger than values determined in a wastewater treatment plant as the proximity of the 

measurements to the source of the wastewater could affect the size determination of the particles. 

Particle sizes in the experiments performed in this thesis were observed immediately upon disposal 

from the household, whereas particle sizes used to determine self-cleansing velocities of 

wastewater pipes were primarily developed based on studies conducted at treatment plants, where 



37 
 

 
 

the solids would have had ample time to break-down in diameter (Khanam, Syuhada Wan Ata, & 

Rashedi, 2016) (Neis & Tiehm, 1997). To ensure that the slope would produce only minor solids 

deposition in the backwater valve, both the critical settling velocity and the self-cleansing velocity 

should be achieved. Having a system that meets the self-cleansing velocity but does not surpass the 

critical settling velocity could still lead to potential formation of solid deposits inside the valve 

(Gulliver, Weiss, & Erikson, 2010). This explains why the DEMs in Figure 9 still show some solids 

deposition at steep slopes.  

 

The location of solid accumulation in the Mainline Fullport valve could be a result of the flow 

patterns of the water through the system. As mentioned above, the water was observed to create a 

“whirlpool” effect near the underside of the edge of the flap. The flow of water in a circular motion 

through the valve could create situations in which “dead zones” of low velocity could form 

underneath the flap. As mentioned above, low velocity areas are subject to solids deposition as the 

water is moving slower in those locations than what is needed to keep a particle suspended in the 

fluid due to other forces such as gravity acting on the object (Gulliver, Weiss, & Erikson, 2010).  

 

The graph of solids deposition versus time in Figure 10 shows a positive linear trend between the 

amount of solids build-up in the valve and the length of time that the valve is in operation. Day 1 of 

the experiment showed significantly less build-up than on the last day of the experiment, which 

follows the same conclusions drawn from the DEMs shown in Figure 9. As seen in Figure 9, there is 

substantial variation in the height of the solids build-up, which can be due to the movement of the 

wastewater through the system. Some areas of the valve may be more prone to accumulation as 

changes in the velocity across the valve body and any backwater effects may alter the flow of water 

in the valve.  
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FIGURE 10: GRAPH OF SOLID DEPOSITION IN FULLPORT VALVE OVER SEVEN DAYS FOR VARIOUS LATERAL SLOPES. 

 

Figure 11 below describes the total amount of solids deposition at the end of the seventh day of the 

experiment for all slopes tested against the Canplas valve. Similar to the Mainline Fullport valve, the 

trends of the data show that an increase in slope results in a decrease in the amount of solids build-

up. The slope of -2% showed the largest amount of accumulation in the main valve body, having a 

value of approximately 3 mm. The DEM displaying the results for a slope of 10% illustrated that the 

steep slope produced the least amount of solids build-up, having an average value of 1.2 mm. The 

DEMs of the Canplas valve also display noticeably less solid deposition in total than the Mainline 

Fullport valve. Through an examination of the location of the solids build-up in the valve, it was 

revealed that the bottom of the valve where the flap seals to the inlet is a critical area in which 

solids are likely to accumulate. Another observation made during the experimentation process was 

that with low slopes, the flap remained completely closed for normal operating conditions, but 

steeper slopes caused the flap to stay open slightly. Due to turbulence, the flow pattern of the water 

in the Canplas valve was determined to be uniquely different than what was experienced in the 

Fullport model. A delay between when the water entered the pipe system to when it was seen to 

exit was observed, which could suggest that water was building up behind the flap until it gained 

enough pressure to push the flap up. This created a “flushing” effect in the valve body that could 

have assisted in removing solids previously settled in the valve.  
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CANPLAS CLEAN VALVE CANPLAS SLOPE -2% 

  
PERCENTAGE COVERAGE: 0% PERCENTAGE COVERAGE: 30% 

CANPLAS SLOPE 2% CANPLAS SLOPE 10% 

  
PERCENTAGE COVERAGE: 15% PERCENTAGE COVERAGE: 10% 

 
FIGURE 11: SOLIDS DEPOSITION ON DAY 7 OF EXPERIMENTATION IN THE CANPLAS VALVE FOR VARIOUS LATERAL SLOPES. 

 

Table 7 outlines a summary of velocity calculations that were performed using the characteristics of 

the Canplas valve, which can be found in Appendices B-8, B9, and B-11.  

 
TABLE 7: CALCULATED VELOCITIES FOR THE CANPLAS VALVE. 

Slope 
Critical Settling 
Velocity (m/s) 

Self-Cleansing 
Velocity (m/s) 

Velocity in Pipe 
System (m/s) 

Velocity in Valve 
Body (m/s) 

-2% 

0.98  0.6  

- -  

0% 0.00  0.000 

2% 0.75   0.741  

5% 1.18  1.172   

10% 1.67   1.658   
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As described in Table 7, the velocity increases with an increase in slope. This is the same trend that 

was observed in the DEM results for this experiment as well as the results from the Fullport valve, 

suggesting that solids deposition should decrease as the slope becomes steeper. At the 

recommended slope of 2%, the velocity in both the pipe and the valve exceed the self-cleansing 

design standard, but falls below the critical settling velocity, which indicates that significant build-

up is unlikely to occur, but that particles are still able to settle in the valve under these conditions. 

For slopes greater than 2%, only minimal amounts of accumulation were observed in the DEMs, 

with virtually no solids deposition found for a slope of 10%. Although the velocities corresponding 

to the 5% and 10% values represent conditions in which the critical settling velocity has been 

surpassed and solids accumulation is unexpected, unusually large particles with a high critical 

velocity could still overcome the velocity in the backwater system (Gulliver, Weiss, & Erikson, 

2010). Unlike the Fullport model, the velocity of the pipe and the valve body are very close in value 

(having a difference of 0.009m/s) due to the size similarities between the two objects, meaning that 

the Canplas valve generates consistently faster velocities than the Fullport valve. This indicates that 

there would be less solids accumulation in the Canplas valve. The results of the DEMs confirm this 

observation as the height and amount of solids build-up in the Canplas model is seen to be lower 

than in the Fullport model.  

 

As mentioned previously, the area in which the most solids were observed to have deposited was 

determined to be on the bottom of the valve, in between the flap and the seal of the inlet. During 

low flow scenarios (i.e. when the slope is close to horizontal) there may insufficient force of water 

on the flap to open it and allow the waste to flow past the valve. When the source of the water has 

stopped (i.e. when the toilet stops flushing, or the sink finishes draining) residual wastewater may 

be left in the valve. According to the City of Toronto’s Sewer Main Design Guidelines, in the absence 

of a force to initiate the movement of the wastewater, the water flow becomes dependent on the 

slope of the lateral pipe, which, as calculated in Table 7, suggests that the velocity may become too 

low for particles to remain suspended in the fluid, allowing them to accumulate against the flap 

opening (City of Toronto, 2014).  

 

The graph illustrated in Figure 12 below displays an increasing relationship between the amount of 

solid build-up and the time that the valve has been in operation.  As per Figure 12, more solids were 

able to accumulate with each day that the experiment was run. This suggests that the longer the 

valve is in operation, the more solids will build-up, leading to a higher chance that the valve could 
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fail during heavy rainfall events. In comparison to the Mainline Fullport Valve, the rate of 

accumulation is slower, meaning that the Canplas valve can operate for longer periods of time 

before maintenance is needed.  

 

 

FIGURE 12: GRAPH OF SOLID DEPOSITION IN THE CANPLAS VALVE OVER SEVEN DAYS FOR VARIOUS LATERAL SLOPES. 

  

Figure 13 below describes the total amount of solid deposition at the end of the seventh day of the 

experiment for all slopes tested against the Mainline Retrofit valve. Based on the DEMs in Figure 13, 

the Retrofit model follows a similar trend in data to those seen in the two other types of valves. As 

the slope increased from -2% to 10%, the amount of solids deposition was determined to decrease 

from approximately 3.4 mm to 1.3 mm, respectively. The Mainline Retrofit valve did not display 

concerning amounts of build-up in any of the trials of this experiment. The DEMs suggest that the 

majority of the solids were depositing along the main channel of the valve, away from the float 

mechanism that closes the flap during back-up situations. This is a huge benefit of the Retrofit valve 

as build-up near the flap, as seen in the other two valve types, has the potential to prevent the flap 

from operating as per designed. The water in the backwater system was observed to flow directly 

down the main chamber, and only accumulated at the exit during high velocities where it flowed 

back into the chamber where the ball float is located.  

  

y = 0.3714x + 0.5286 
R² = 0.9636 

y = 0.15x + 0.7714 
R² = 0.9629 

y = 0.1464x + 0.3857 
R² = 0.5293 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

0 1 2 3 4 5 6 7

H
EI

G
H

T 
O

F 
SO

LI
D

 D
EP

O
SI

TI
O

N
 IN

 M
M

 

DAY OF EXPERIMENTATION 

CANPLAS

CANPLAS

CANPLAS

Linear (CANPLAS)

Linear (CANPLAS)

Linear (CANPLAS)



42 
 

 
 

RETROFIT CLEAN VALVE RETROFIT SLOPE -2% 
 

 
 

PERCENTAGE COVERAGE: 0% PERCENTAGE COVERAGE: 50% 
RETROFIT SLOPE 2% RETROFIT SLOPE 10% 

 

  

PERCENTAGE COVERAGE: 30% PERCENTAGE COVERAGE: 15% 

FIGURE 13: SOLID DEPOSITION ON DAY 7 OF EXPERIMENTATION IN THE RETROFIT VALVE FOR VARIOUS LATERAL SLOPES. 
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Velocity calculations in the pipe system and the main body of the valve are summarised in 

Appendices B-8 to B-12, and displayed in Table 8 below.  

 

TABLE 8:  CALCULATED VELOCITIES FOR THE RETROFIT VALVE. 

Slope 
Critical Settling 
Velocity (m/s) 

Self-Cleansing 
Velocity (m/s) 

Velocity in Pipe 
System (m/s) 

Velocity in Valve 
Body (m/s) 

-2% 

0.98  0.6 

- -  

0% 0.00 0.000  

2% 0.75   0.852  

5% 1.18  1.128   

10% 1.67   1.477   

 

Similar in both the Mainline Fullport and the Canplas valves, Table 8 shows that as the slope 

increases, the velocity also increases. When relating this observation back to the DEM results, it can 

be determined that increasing the slope causes an increase in the velocity, which leads to 

reductions in the solids accumulation in the valve. At low slopes, the velocity in the Retrofit valve 

was calculated to be significantly faster than in the other two models. The Retrofit valve was 

designed to have a built-in slope in the valve body which, according to Manning’s Equation, results 

in a higher velocity value (Shearer & Hudson, 2011; Mainline, 2014). This additional slope could 

help boost the self-cleansing abilities of the valve by providing a means to allow the water to flow 

faster, preventing solids from being able to settle but also removing solids that have deposited. The 

velocities determined under the slope conditions of 5% and 10% exceed both the critical settling 

velocity and the self-cleansing velocity of the backwater system, which suggests that very little 

solids accumulation should occur in the valve when the slope is steep. The DEMs in Figure 13 show 

that only large or heavy particles were able to settle in the valve during the experiment, indicating 

that the Retrofit valve was able to perform fairly well under normal operating conditions.  

 

The graph of solid deposition versus time for the Mainline Retrofit valve, as seen in Figure 14 

below, demonstrates an upward trend in the data which is similar to what was observed in the 

other two types of valves. The Mainline Retrofit valve has a rate of accumulation that is much like 

that found in the Canplas valve. The solids were seen to accumulate at a slower rate in comparison 

to the Mainline Fullport valve, suggesting that maintenance periods for the Retrofit valve can be 

extended beyond limit of the Fullport valve. 
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FIGURE 14: SOLID DEPOSITION IN THE RETROFIT VALVE OVER SEVEN DAYS FOR VARIOUS LATERAL SLOPES. 

 

3.4.2 ANALYSIS OF EFFECT OF HOUSEHOLD DENSITY ON SOLID DEPOSITION  

Results from the household density experiment conducted using the Mainline Fullport valve shown 

in Figures 15 and 16 below. As deducted from both figures, increasing the household density 

produced an increase in solid deposition in the valve. During the seventh day of the experiment, the 

trial performed under the operating conditions assuming three people in the household, resulting 

in solids deposition rates of approximately 3.3 mm, whereas increasing the number of people per 

household to five generated much higher solids deposition values of approximately 6.9 mm. From 

the DEMs it can also be observed that that percentage of the valve covered in solids is higher than in 

the previous experiment, however, the focus of the accumulation is still targeted towards the 

underside of the flap.  
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FULLPORT CLEAN VALVE 
 

 

FULLPORT HOUSHOLD 3PPL 
 

 
  

PERCENTAGE COVERAGE: 0% PERCENTAGE COVERAGE: 45% 
FULLPORT HOUSEHOLD 4PPL FULLPORT HOUSEHOLD 5PPL 

 

  
PERCENTAGE COVERAGE: 50% PERCENTAGE COVERAGE: 60% 

FIGURE 15: SOLID DEPOSITION ON DAY 7 OF EXPERIMENTATION IN THE FULLPORT VALVE FOR VARIOUS HOUSEHOLD 
DENSITIES. 
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FIGURE 16: SOLID DEPOSITION IN THE FULLPORT VALVE PER DAY OVER SEVEN DAYS FOR VARIOUS HOUSEHOLD DENSITIES. 

 

Figures 17 and 18 below contain solid accumulation data obtained from the Canplas valve as the 

household density was increased from three to five people. These results were consistent to the 

results determined from the experiment conducted on the Fullport model. The DEMs and graph 

illustrate that the most solid deposition occurred during the trial with five people, as the heights 

seen in the figures below reach upwards of 5.1 mm. The lowest amount of solid accumulation was 

1.9 mm, as identified in the results produced under an assumed operating condition for three 

people. From the DEMs it was also determined that the areas of build-up are against the bottom of 

the flap, which is similar to the trends found in the experiment that examined the effect of lateral 

slope.  
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CANPLAS CLEAN VALVE CANPLAS HOUSHOLD 3PPL 

 
 

PERCENTAGE COVERAGE: 0% PERCENTAGE COVERAGE: 15% 
CANPLAS HOUSEHOLD 4PPL  CANPLAS HOUSEHOLD 5PPL 

  
PERCENTAGE COVERAGE: 25% PERCENTAGE COVERAGE: 40% 

 

FIGURE 17: SOLID DEPOSITION ON DAY 7 OF EXPERIMENTATION IN THE CANPLAS VALVE FOR VARIOUS HOUSEHOLD 
DENSITIES. 
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FIGURE 18: SOLID DEPOSITION IN THE CANPLAS VALVE PER DAY FOR VARIOUS HOUSEHOLD DENSITIES. 

 

Data on solids accumulation in the Mainline Retrofit valve are illustrated in Figures 19 and 20 

below. These figures show the same pattern of solid build-up as experienced by both the Fullport 

and Canplas backwater devices. The largest accumulation occurred when the operating condition 

was set to five people. This produced maximum height values of 4.7 mm. The least solids build-up 

was observed when the household density was set to three people, resulting in solids deposition 

values of approximately 2.6 mm. As identified in the DEMs common areas of the valve where solid 

accumulation occurred was along the main channel of the valve, which is consistent with the critical 

areas for the Retrofit valve determined in the first set of experiments of this thesis.  
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RETROFIT CLEAN VALVE RETROFIT HOUSHOLD 3PPL 

  
PERCENTAGE COVERAGE: 0% PERCENTAGE COVERAGE: 30% 

RETROFIT HOUSEHOLD 4PPL RETROFIT HOUSEHOLD 5PPL 

 
 

PERCENTAGE COVERAGE: 35% PERCENTAGE COVERAGE: 50% 
 

FIGURE 19: SOLID DEPOSITION ON DAY 7 OF EXPERIMENTATION IN THE RETROFIT VALVE FOR VARIOUS HOUSEHOLD 
DENSITIES. 

 

FLOW FLOW 

FLOW FLOW 



50 
 

 
 

 

FIGURE 20: SOLID DEPOSITION IN THE RETROFIT VALVE PER DAY WITH A CHANGING HOUSEHOLD DENSITY. 

 

Solids deposition in all three valves as a result of household density has the potential to create 

significant problems in these devices over time. Increasing the number of occupants residing in a 

home increases the volume of wastewater that is exposed to the valve on a daily basis. With a 

higher density of people living in a house, more solids from the wastewater are able to come into 

contact with the valve surface over the same period of time as the average household, which is 

favourable to high rates of solids accumulation. This means that homeowners with large families 

may need to maintain their valve more frequently than the recommended guidelines.  

 

3.4.3 ANALYSIS OF EEFECT OF WASTEWATER COMPOSITION ON SOLID BUILD -UP 

Figures 21 and 22 below illustrate a set of DEMs and a graph of solid deposition in the Fullport 

valve over a seven day period. Both of these figures describe the relationship between wastewater 

composition and the amount of solids build-up in the Fullport valve. As seen these figures, larger 

amounts of solid deposition occurred in the DEMs when there was an increase in concentration of 

both soaps/surfactants as well as FOGs. At a high concentration of solids in the wastewater, the 

solids deposition in the valve reached values upwards of 3.5 mm, whereas a low concentration of 

waste produced solid build-up heights less than 1.0 mm. The location of the build-up in the Fullport 

model was still observed to be underneath the flap, which is similar to the trend observed in the 

other two experiments.  
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FULLPORT CLEAN VALVE FULLPORT WASTE COMPOSITION LOW 
 

  
PERCENTAGE COVERAGE: 0% PERCENTAGE COVERAGE: 35% 

FULLPORT WASTE COMPOSITION MEDIUM FULLPORT WASTE COMPOSITION HIGH 
 

  
PERCENTAGE COVERAGE: 45% PERCENTAGE COVERAGE: 75% 

 

FIGURE 21: SOLID DEPOSITION ON DAY 7 OF EXPERIMENTATION IN THE FULLPORT VALVE FOR VARIOUS WATER 
COMPOSITIONS. 
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FIGURE 22: SOLID DEPOSITION PER DAY IN THE FULLPORT VALVE FOR VARIOUS WATER COMPOSITIONS. 

 

The set of DEMs produced for the Canplas valve as the wastewater composition was varied can be 

observed in Figure 23 below. To support the DEM data, Figure 24 also displays the height of the 

solid deposition over the seven day trial. As illustrated in both of these figures, increasing the 

amount of surfactants and FOGs in the wastewater generated large amounts of solids accumulation 

by the end of the seventh day of the experiment. Having a higher concentration of in the grey water 

than normal resulted in solid deposition heights of up to 2.2 mm, and low concentrations of 

greywater showed the solid build-up to have values in the range of 1.0 mm. The DEMs also highlight 

that the area of concern for the Canplas valve was still determined to be around the bottom of 

where the flap seals to the valve.  
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CANPLAS CLEAN VALVE CANPLAS WASTE COMPOSITION LOW 

 
 

PERCENTAGE COVERAGE: 0% PERCENTAGE COVERAGE: 10% 
CANPLAS WASTE COMPOSITION MEDIUM CANPLAS WASTE COMPOSITION HIGH 

 
 

PERCENTAGE COVERAGE: 15% PERCENTAGE COVERAGE: 45% 
 

FIGURE 23: SOLID DEPOSITION ON DAY 7 OF EXPERIMENTATION IN THE CANPLAS VALVE FOR VARIOUS WATER 
COMPOSITIONS. 
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FIGURE 24: SOLID DEPOSITION IN THE CANPLAS VALVE PER DAY FOR VARIOUS WASTEWATER COMPOSITIONS. 

 

To complete the evaluation of the effect of wastewater composition in the backwater valves, the 

DEM data and the height of solid deposition over time information for the Mainline Retrofit valve 

are shown in Figures 25 and 26, respectively. These figures revealed that high concentrations of the 

greywater mixture resulted in more solids accumulation inside the valve, which is similar to the 

trends determined in the two other valve models. A high concentration of surfactants and FOGs 

produced solids build-up values that reached 2.6 mm, and a low concentration in the greywater 

reduced the solid accumulation to values around 1.0 mm. When examining the DEMs the location of 

solids accumulation in the valve was identified to be along the main channel, which is consistent 

with the results of the previous two experiments.  
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RETROFIT CLEAN VALVE RETROFIT WASTE COMPOSITION LOW 

 
 

PERCENTAGE COVERAGE: 0% PERCENTAGE COVERAGE: 20% 
RETROFIT WASTE COMPOSITION MEDIUM RETROFIT WASTE COMPOSITION HIGH 

 

  
PERCENTAGE COVERAGE: 30% PERCENTAGE COVERAGE: 55% 

 

FIGURE 25: SOLID DEPOSITION ON DAY 7 OF EXPERIMENTATION IN THE RETROFIT VALVE FOR VARIOUS WASTEWATER 
COMPOSITIONS. 
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FIGURE 26: SOLID DEPOSITION IN THE RETROFIT VALVE PER DAY FOR VARIOUS WASTEWATER COMPOSITIONS. 

 

The main conclusion drawn from the data collected during the wastewater composition experiment 

was that increasing the concentration of surfactants and FOGs in the greywater caused an increase 

in the accumulation of solid particles in all three backwater valve models. Solids deposition in the 

valve as a result of high concentrations of soaps could be caused by the formation of scum on valve 

surfaces (Donlan, 2002). Soaps and surfactants may create a rough layer on surfaces when left un-

treated (Kelley, Theisen, Angenent, Amand, & Pace, 2004). This is especially common in areas that 

have hard water such as Guelph, Ontario (Aguirre, 2019). Hard water contains minerals such as 

calcium and magnesium that react with soap to produce an insoluble substance, known as scum 

(Aguirre, 2019). Scum can keep forming each time it is in contact with hard waters (Aguirre, 2019). 

This can be a very problematic issue in backwater devices as they are subject to continued exposure 

to water, creating conditions favourable to scum build-up. Over time, scum can also harden, making 

it more difficult to remove, which could affect the maintenance procedures for these valves 

(Donlan, 2002). Another issue with soap scum is that it can provide an ideal environment rich in 

nutrients for bacteria and microorganisms from the wastewater to attach, grow, and multiply 

(Donlan, 2002; Kelley et. al, 2004). According to Characklis et al. (1990), microbial build-up 

increases with surface roughness because the shear forces become negligible and the surface area 

increases, meaning that scum in the valve can encourage particles in the wastewater to adhere to it 

(Gusman et. al, 2007).  
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FOGs can also encourage solid accumulation in the valves. When hot grease or oils enter the 

wastewater system, they cool down and solidify, trapping other solid particles with it (Vazquez, 

2018) (Train, Agee, Cywin, & Loehr, 1975). When this happens, FOGs are able to deposit in the 

system and form a rough layer in which more FOGs can accumulate on (Husain, et al., 2014). FOGs 

can also increase the critical settling velocity of particles when they attach themselves to other solid 

materials in the wastewater, as it causes the particles to become larger and heavier, meaning that 

higher velocities are needed to overcome deposition (Gulliver et. al, 2010; Shearer & Hudson, 

2011).  

  

3.4.7 ANAYLSIS OF EXPERIENCE OF CAMERA OPERATOR ON DEM RESULTS 

To determine if the experience of the camera operator affects the quality of the photo data set 

inputted into the DEM generation software, an analysis that examined the error produced by the 

Agisoft program was conducted with the results shown in Figure 27 below. On the graph, the red 

data points illustrate the average error for all DEMs generated under each category, and the dotted 

black lines show the highest and lowest error values from every category. 

 

 

FIGURE 27: CAMERA OPERATOR ERROR ANALYSIS. 

 

By comparing the level of experience of the camera operator to the total error calculated by the 

Agisoft PhotoScan program, it was determined that the experience of the camera operator did not 
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significantly impact the quality of the DEMs. Participants having no camera experience produced 

the largest difference in error from the average, with a value of 0.17 mm. The advanced category 

was seen to have the smallest deviation from the average, with a value of 0.04 mm. This means that 

there was more consistency between data photo sets when the camera operators had previous 

experience; however, the error represents such small values that the differences would be deemed 

unnoticeable in the DEM results. Through an evaluation of the average error across all experience 

levels, the general trend that was observed was that participants with less camera experience 

produced the most accurate results, with an average error of 1.44 mm in comparison the 

intermediate category which had the highest error of 1.47 mm. Photos taken by participants in both 

the intermediate and advanced categories were captured using a more “artistic” approach, which 

often resulted in parts of the valve being highlighted over others. Whereas people with no 

experience, followed the instructions for taking pictures a lot more closely, producing the most 

“functional” images. This could explain he slight differences in the average error between the 

different experience levels.  

 

3.4.6 ANALYSIS OF EXPERIMENT VALIDATON  

In order to validate that the DEMs were accurate in determining the height of build-up in the valves, 

a comparison of solid deposition heights extracted from the DEMs and hand measurements taken 

during the experiments was conducted. Results of the comparison are outlined in Appendix B-13 

and summarised in Table 9below.  

 

TABLE 9: AVERAGE ERROR IN SOLID DEPOSITION VALUES BETWEEN DEM RESULTS AND HAND MEASURMENTS. 

 Fullport Canplas Retrofit 
Slope Experiments 1.008 mm 1.047 mm 1.141 mm 
Household Density Experiments 1.073 mm 1.048 mm 1.159 mm 
Wastewater Composition Experiments 1.068 mm 1.070 mm 1.150 mm 
Overall Average 1.049 mm 1.055 mm 1.150 mm 

 

As shown in the table above, the hand measurements were similar to the Dem generated values in 

all of the experiments. The Fullport model displayed the most similar results between the two types 

of measurements, with an average difference of 1.049 mm in the data. The Retrofit valve displayed 

the most error between the program and physical height values, with an average difference of 1.150 

mm in the data. Since all of the DEMs produced height values of the solid deposition within the 

expected range based on values obtained by hand during the experiment, the Agisoft PhotoScan 

program can be deemed accurate in generating data for this thesis.   
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3.4.7 SENSITIVITY ANALYSIS OF THE FACTORS THAT GENERATE SOLID 
DEPOSITION IN THE BACKWATER VALVES 

A sensitivity analysis was conducted on the results by calculating the average rate of accumulation 

in each of the experiments for the different types of valves, which are summarised in Table 10. 

Sample calculations can also be found in Appendix B-14.  

 

TABLE 10: RATE OF ACCUMULATION OF SOLIDS FOR EACH TYPE OF VALVE PER EXPERIMENT. 

 
Slope  

Experiment 
Household Density 

Experiment 
Wastewater Composition 

Experiment 

 Fullport Canplas Retrofit Fullport Canplas Retrofit Fullport Canplas Retrofit 
Rate  

mm/d 
0.3190 0.2226 0.2869 0.6524 0.4226 0.3845 0.2655 0.1167 0.1917 

 

Through an analysis of the accumulation rates above, it was determined that household density had 

the greatest influence on the amount of solid deposition that in all of the backwater valve models, 

and wastewater composition had the least influence on accumulation over the seven-day period. 

Using the information above, installation and maintenance plans for these backwater devices 

should focus on tailoring cleaning schedules based on the amount of people living in the household 

to avoid problematic solid build-up in the system.  

 

3.4.8 LIMITATIONS TO THE RESEARCH 

A major constraint in the research conducted in this thesis is that synthetic waste mixtures were 

used for the experimentation. Although this provided consistency in the determination of solid 

deposition across all trials of the experiments, it also limited both the maximum time of the 

experimentation period as well as the natural variation in operating conditions of the backwater 

devices. The synthetic water recipes were based on food-grade products, and as such, were subject 

to spoilage past the seventh day of the experimentation, deeming them to be unsuitable for long-

term studies. These synthetic mixtures also eliminated the potential for other outside factors to 

influence the results. This was a benefit of using synthetic mixtures to evaluate specific factors that 

lead to solid deposition, however future experiments should consider the use of more realistic 

wastewater sources now that the general trends of the factors studied in this thesis have been 

determined.  
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Another limitation to this research is that due to the time constraint on this project, multiple 

repetitions of the experiments were not able to be conducted. Having the ability to perform more 

than a single trial of the experiment can confirm the accuracy of the results produced in this paper.  

For this study, theoretical velocity values were calculated in each valve to determine the effects of 

slope on the backwater system. Although these calculations give an idea of how fast the water is 

moving through the valve assembly, they do not provide information on how the velocity changes 

based on position inside the valve. A computational flow model or some other flow analysis study 

should be conducted to determine what the flow paths through each backwater valve model are 

and how the velocity is affected by the movement of water and the placement of flow direction 

objects around the valve.  

 

The final limitation that will be discussed is the use of controlled laboratory experiments in 

comparison to obtaining data from real residential communities. The possibility of performing tests 

in real homes was not well received by homeowners and city employees at this time due to 

confidentiality and fears that negative results may impact property values and home insurance. The 

benefit of conducting experiments under the natural operating conditions of real households is that 

there would be a wider range of household specific usage of the backwater valves, which would 

produce results that provide a better representation of backwater valve performance in a 

community setting.  

3.5 CONCLUSIONS AND RECOMMENDATIONS 

The research described in this paper examined the effect of lateral slope, household density, and 

wastewater composition on the accumulation of solid particles in three different backwater valve 

models. The following conclusions can be drawn from the results: 

 

- Increasing the lateral slope of the backwater valve caused an increase in solids deposition 

across all three valve models, as the slope is directly related to water velocity according to 

Manning’s equation.  

 

- A lateral slope of 2% generates water velocities that cannot overcome the critical settling 

velocity of particles in wastewater, providing opportunity for particles to deposit in the 

valve in some conditions. 
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- The largest solids deposition in the Fullport valve was determined to be underneath the flap 

of the valve. Maintenance plans should focus on lifting the flap up to flush the entire system 

with clean water.   
 

- The most solids deposition in the Canplas valve was occurred near the bottom of the seal 

between the flap and the valve body. Maintenance plans should focus flushing the valve 

under high water velocities while the flap is in the open position to allow all resting 

wastewater in the valve to be removed from the system.  

 

- The most solids deposition in the Retrofit valve was identified along the main flow channel 

of the valve. Maintenance plans should focus on flushing the valve in its normal operating 

position to remove solids accumulation. In comparison to the other two valve types 

considered in the present experiments, this valve resulted in the least amount of solids 

deposition.  

 

- Increasing the household density caused the amount of solid deposition in all backwater 

devices to increase as well. As a result, households with larger families should maintain 

their valve much more frequently than single-occupancy homes.  

 

- Increasing the concentration of soaps, surfactants, fats, oils, and grease in the wastewater 

resulted in an increase in solid accumulation in all of the valve types. Best management 

practices to maintain a healthy valve should involve minimising the amount of food wastes 

poured down the drain, as well as scrubbing the valve often in areas that have hard water to 

avoid the formation of scum or biofilms on the surface of the valve.  

 

Future recommendations for the research are to focus on creating more realistic operating 

conditions for the valves under study to increase the variability in the results. This can be done by 

connecting the apparatus to existing wastewater sources, or by performing experiments in real 

homes. A long-term experiment should also be developed in order to evaluate the degree to which 

solids accumulate over the entire recommended maintenance period of six months. The last 

suggestion for future work would be to conduct a flow analysis in each backwater valve to 

determine areas in which the water velocity favours solid to settle.  
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CHAPTER 4: CONCLUSIONS AND RECCOMENDATIONS  

This thesis provides some important insights into the performance of backwater valves in Canadian 

homes.  

 

(i) In Chapter 2, a questionnaire was distributed to six professionals from the plumbing 

industry that all worked in different communities in Ontario. Results of the survey 

suggested that installation and maintenance were the two main causes of poor valve 

performance. Errors in installation and lack of proper maintenance of these devices can 

both lead to solid deposition which, over time, can prevent the valve from sealing 

completely closed during sewer surcharge events. From the responses submitted for the 

questionnaire, the majority of the performance issues were determined to be 

attributable to a lack of knowledge on the intended operating conditions including, but 

not limited to, (a) incorrect installation of the various backwater valves, and (b) failure 

of the homeowner to ensure that appropriate maintenance tasks pertinent to the 

backwater valves were completed in a timely manner.  

 

(i) Information in Chapter 2 provided pertinent information to undertake a series of 

laboratory experiments which were conducted and described in Chapter 3. These 

laboratory experiments were designed to evaluate the effects of lateral slope, household 

density, and wastewater composition on the amount of solids deposition in the valve. 

The results from the experiments revealed that increasing the lateral slope reduced the 

degree of solids accumulation in the valve as the intended slope allows for the 

development of necessary water velocities to overcome the critical settling velocity and 

self-cleansing velocity of the backwater system, preventing solids from settling out of 

the system. From these results, it was observed that considerable solids deposition 

occurred in backwater valves installed on sewer laterals having a slope of 2%. Digital 

elevation models produced as part of the research of the valve on Day 7 of 

experimentation showed that maintenance in all of the valves should be focused on 

areas in which the float mechanism is located. This would be underneath the flap for the 

Mainline Fullport valve, on the bottom seal of the flap for the Canplas valve, and along 

the main channel of the Mainline Retrofit valve. Another conclusion drawn from the 

data was that increasing both the household density as well as the concentration of 
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soaps and surfactants in the valve resulted in an increase in solids deposition in all three 

valves which would translate to increased needs for regular maintenance.  

 

Future recommendations for continuing the work of this thesis are to focus efforts on collecting 

more data for both types of experiments in this paper in order to increase the accuracy and 

repeatability of the results. In Chapters 2 and 3, one of the most difficult challenges was being 

able to gather sufficient information to support the conclusions. With there being very little 

previous research on this topic, this thesis was intended to provide a base for subsequent 

research. Areas of future research include: 

 

(a) Collect more data on the questionnaire to survey professionals both inside and outside 

of Ontario to get a wider range in the data, as well as to extend the survey to 

homeowners. Improved knowledge of field experience and practices is very much 

needed.  

 

(b) Since requiring drainage by gravity to the sewer for significant slopes will be a problem 

in many locations, alternative means of providing drainage need to be considered (e.g. a 

lift pump, to pump to a gravity feed toward the sanitary sewer, although that by itself, 

introduces concerns with viability, but such options merit consideration) 

(c) To improve laboratory experiments, investigations of solids deposition tests over a six 

month period should be conducted, as well as collecting ongoing data from actual 

homes within a community. There may be periodic scouring effects within the 

household that not been investigated.  However, there may also be issues of wastewater 

components ‘gumming up’ the valves (e.g. the FOGs).  Hence, these laboratory 

experiments should include both ‘in practice’ evaluations and further, longer tests in the 

laboratory.  Both types of experiments have considerable merit worthy of future testing. 

 

(d) Procedures that will facilitate maintenance of the backwater valve need to continue to 

be investigated. 
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APPENDIX A: SUPPORTING INFORMATION RELATED TO THE 

EXPERIMENTAL PROCEDURES OF THE THESIS 
 

Appendix A contains background information on specific details of how the experiments in Chapters 2 

and 3 of the thesis were conducted. This appendix includes supporting information regarding the types 

of questions asked in the questionnaire phase of the project, how the Agisoft program was used to 

create the digital elevation models for the results, and how the laboratory was prepared for 

experimentation. 

 

A-1 QUESTIONNAIRE USED TO COLLECT DATA ON BACKWATER VALVE 

FAILURES 

 

 

FIGURE 28: SAMPLE QUESTIONNAIRE USED TO COLLECT DATA ON THE CURRENT STATUS OF VALVE FAILURES. 
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A-2 MATERIALS REQUIRED FOR THE MODEL SET-UP 
The following list is a compilation of all materials required to prepare the valve and workspace to 

capture images for the Agisoft Photoscan program.  

 

TABLE 11: MATERIALS REQUIRED TO PREPARE THE WORKSPACE FOR PHOTOGRAPHY. 

Quantity Item 

1 Camera (Canon EOS Rebel T6i with a 24 mm lens 
1 Camera Tripod 
1 Camera wireless shutter remote 
18 5mm Circular Markers (Can be printed inside the Agisoft Program) 
1 Pkg. 24’’ x 36 ‘’ Graph Flip Chart Paper  
1 Glue stick 
1 Pair of scissors 
1 Measuring tape or calipers that displays millimeters 
1 Black marker 
1 Level 
1 Pkg. Spray chalk  
1 Roll Paper Towel 

 

A-3 EXAMPLE TARGET LAYOUT FOR IMAGE CAPTURING 
The figure below displays the typical placement of the coded targets on graph paper. The valve was 

placed in the middle of the graph paper, with the targets surrounding it.  

 

 

FIGURE 29: LAYOUT OF CODED TARGETS. 
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A-4 EXAMPLE OF USING SPRAY CHALK TO REDUE GLARE IN THE VALVE 
Figure 12 illustrates an example of a backwater valve that has had excess water removed, and white 

chalked sprayed over it to reduce glare when taking photos.  

 

 

FIGURE 30: IMAGE RESULT OF REMOVING GLARE FROM THE VALVE. 
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A-5 EXAMPLE DATA SET FOR THE AGISOFT PHOTOSCAN PROGRAM 
The picture below illustrates a “good” data set of images to input into the Agisoft Photoscan program. All of the images are clear, and they 

are taken from multiple angles all around the valve to provide the program with a full view of the object under study.  

 

 

FIGURE 31: EXAMPLE OF A "GOOD" PICTURE DATA SET FOR AGISOFT PHOTOSCAN. 
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A-6 PROCESS USED TO GENERATE DEMS FROM THE AGISOFT PHOTOSCAN 

PROGRAM 
Creating 3-D models and height field data for the valves was completed through a series of steps 

which were combined in a batch process (Figure 14) once the required model inputs were entered 

into the program.  

 

 

FIGURE 32: CREATING A BATCH PROCESS IN AGISOFT PHOTOSCAN. 

 

Within the batch process, the quality of each of the stages was adjusted based on the figure below. 

This was done in order to speed with the processing time without sacrificing critical details of the 

solid accumulation inside the valves.  

 

 

FIGURE 33: ADJUSTING THE QUALITY OF THE PROCESSING STEPS IN AGISOFT PHOTOSCAN. 
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A-7 EXAMPLE DATA PAGE FROM THE ERROR TEST ON CAMERA OPERATOR 
In order to perform an analysis on whether the experience of the camera operator has a significant 

effect on the DEM results, the following data collection sheet was used to conduct the experiment:  

 

 

FIGURE 34: DATA COLLECTION PAGE FOR ERROR ANALYSIS ON CAMERA OPERATOR. 
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A-8 MATERIALS REQUIRED TO ASSEMBLE THE EXPERIMENTAL APPARATUS   
The items listed in the table below describe all materials that were used in the construction of the 

apparatus for the laboratory experiments conducted in this thesis.  

 

TABLE 12: MATERIALS NEEDED TO ASSEMBLE THE APPARATUS.  

Quantity Item 
1 4‘’ diameter Canplas normally open valve 
1 4’’ diameter Mainline MLFR4 retrofit valve 
1 4’’ diameter Mainline Fullport valve 
3 4’’ diameter, 4’ long PVC pipe  
3 4’’ diameter PVC elbow pipe fittings 
3 4’’ diameter, 4’’ PVC straight pipe fittings 
2 121 litre garbage bin  
4 Xiamen Jier 120 GPH Submersible Pumps 
12’ ½ ‘’ Inner Diameter Clear PVC Tubing  
1 Roll Duct tape 

 

A-9 APPARATUS FOR LABORATORY EXPERIMENTS  
In order to conduct the experiments in the laboratory, the apparatus was set-up according to the 

following picture.  

 

FIGURE 35: APPARATUS FOR EXPERIMENTAL TESTS. 
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A-10 MATERIALS REQUIRED TO CONDUCT LABORATORY EXPERIMENTS 
The materials outlined in Table 8 below were used to adjust the valve assembly for the 

experimental conditions of each test. These materials were also used to measure and validate the 

assembly to ensure that it was meeting specifications for each trial of the experiment.  

 

TABLE 13: LIST MATERIALS NEEDED TO CONDUCT LABORATORY EXPERIMENTS.  

Quantity Item 

6 1/2'' Plastic Door Wedges 

1 Roll Duct Tape 

1 Stopwatch  

1 Level 

1 Meter Length Ruler 

1 Measuring Scale 

1 Wooden Spoon 

1 Roll Paper Towel  

Varies per Experiment Wastewater 

Varies per Experiment  Greywater 
 

A-11 RECIPES FOR THE WASTEWATER AND GREY WATER MIXTURES  
The wastewater recipe for this research was extracted from the “Reinvent the Toilet” challenge that 

occurred in India in 2014. “Reinvent the Toilet” was a competition that aimed to create a mixture 

that best resembled the properties of “real” faecal sludge. The winning recipe can be found in 

Appendix B-4. Under the assumption that an average human stool weighs 123.6 g, the wastewater 

recipe was adjusted to reflect sample sizes based on the number of people per household.  

 

TABLE 14: LIST OF INGREDIENTS FOR THE SYNTHETIC WASTEWATER MIXTURE.  

Ingredient 1 Person 3 People 4 People 5 People 
Instant Yeast 8.99 g 26.97 g 35.96 g 44.95 g 
Water 95.93 g 287.79 g 383.73 g 479.65 g 
Psyllium Husk 3.00 g 9.00 g 12.00 g 15.00 g 
Peanut Oil 4.80 g 14.40 g 19.20 g 24.00 g 
Miso Paste 3.00 g 9.00 g 12.00 g 15.00 g 
PEG  3.00 g 9.00 g 12.00 g 15.00 g 
Bone Meal Powder 3.00 g 9.00 g 12.00 g 15.00 g 
Shredded Toilet Paper 1.53 g 4.59 g 6.12 g 7.65 g 
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The grey water mixture was composed of two main ingredients; surfactants and FOGs, as seen in 

the table below. The concentrations of each ingredient were based off of experimental procedures 

extracted from other research studies.  

 

TABLE 15: CONCENTRATIONS OF SOAPS AND FOGS FOR THE GREYWATER MIXTURE.  

Ingredient Concentration Low Concentration Med. Concentration High 

Soaps 
 (Misra, Patel, & Baxi, 2010) 

15 mg/L 82.5 mg/L 150 mg/L 

FOGs 
 (Vazquez, 2018) 

9.63 mg/L 17.42 mg/L 35.25 mg/L  

** Soaps include a combination of shampoos, dish soap, and laundry detergent  
** FOGs include a combination of vegetable oil, bacon grease, olive oil, and butter 

 

A-12 VOLUME OF GREYWATER AND WASTEWATER BASED ON HOUSEHOLD 

DENSITY 
The chart below describes the total volumes of grey water and wastewater required to run the 

laboratory experiments. These values are based off of the number of people residing in the home.  

 

TABLE 16: VOLUMES OF WATER MIXTURES BASED ON HOUSEHOLD DENSITY.  

 1 Person 3 People 4 People 5 People 
Wastewater Volume 29.09 L 87.27 L 116.36 L 145.45 L 
Grey Water Volume 41.59 L 124.77 L 166.36 L 207.95 L 
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A-13 EXAMPLE DATA COLLECTION PAGE FOR THE MAINLINE FULLPORT 

VALVE 
The figure below displays one of the three data collection pages used to document the results of the 

experimental tests. The only difference between the pages is the diagram representing the type of 

valve under study. The diagrams of the valves for each data collection page were adjusted to reflect 

the types of valve that was being evaluated.  

 

 

FIGURE 36: EXAMPLE DATA SHEET OF THE MAINLINE FULLPORT VALVE FOR EXPERIMENTATION.  
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A-14 EXPERIMENTAL CONDITIONS FOR SLOPE TESTS 

 

 

A-15 EXPERIMENTAL CONDITIONS FOR HOUSEHOLD DENSITY TESTS 

 

 

A-16 EXPERIMENTAL CONDITIONS FOR WASTEWATER COMPOSITIONS TESTS 
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APPENDIX B: CALCULATIONS 
 

Appendix B contains examples of the calculations that were used in the creation of this thesis. These 

calculations were required to determine the conditions of some of the experimental procedures, as well 

as to analyse and interpret the results.  

 

B-1 DETERMINING THE WASTEWATER FLOW RATE 
ASSUMPTIONS: 

- Maximum allowable flow rate of a toilet, 2010 standards: 1.28 gallons per flush (EPA, 2014) 

- Each flush takes approximately 30 seconds (Heinselman, 2016) 

- 1 gallon = 4546.092 ml  

 

SOLUTION: 

𝑊𝑎𝑠𝑡𝑒𝑤𝑎𝑡𝑒𝑟 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 =  
1.28 𝑔𝑎𝑙

𝑓𝑙𝑢𝑠ℎ
 𝑥 

4546.092𝑚𝑙

𝑔𝑎𝑙
 𝑥 

1 𝑓𝑙𝑢𝑠ℎ

30 𝑠𝑒𝑐𝑜𝑛𝑑𝑠
= 193.97 

𝑚𝑙

𝑠
  

 

B-2 DETERMINING THE GREY WATER FLOW RATE 
ASSUMPTIONS: 

- Maximum allowable flow rate of a showerhead, 2010 standards: 2.0 gallons per minute (EPA 

Watersense, 2010) 

- 1 g/min is equivalent to 63.09 ml/s  

 

SOLUTION: 

𝐺𝑟𝑒𝑦 𝑤𝑎𝑡𝑒𝑟 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 = 2.0
𝑔𝑎𝑙

𝑚𝑖𝑛
 𝑥 63.09

𝑚𝑙

𝑠
= 126.18

𝑚𝑙

𝑠
  

 

B-3 DETERMINING VOLUME OF WATERWATER PER PERSON PER DAY 
ASSUMPTIONS: 

- Maximum allowable flow rate of a toilet, 2010 standards: 1.28 gallons per flush (EPA, 2014) 

- Average number of flushes per day: 5  

 

SOLUTION: 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒𝑤𝑎𝑡𝑒𝑟 =  
1.28 𝑔𝑎𝑙

𝑓𝑙𝑢𝑠ℎ
 𝑥

4.546092 𝐿

𝑔𝑎𝑙
= 29.09 𝐿    

 

B-4 DETERMINING VOLUME OF GREY WATER PER PERSON PER DAY 
ASSUMPTIONS: 

- Maximum flow rate of grey water: 126.18 ml/s  
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- Average length of a shower: 8.2 minutes (EPA Watersense, 2010) 

- Average number of showers per person per day: 0.67 (EPA Watersense, 2010) 

 

SOLUTION: 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑔𝑟𝑒𝑦 𝑤𝑎𝑡𝑒𝑟 = 0.67
𝑠ℎ𝑜𝑤𝑒𝑟𝑠

𝑑
 𝑥 8.2 min 𝑥 126.18

𝑚𝑙

𝑠
 𝑥  

60𝑠

 𝑚𝑖𝑛
𝑥

𝐿

1000𝑚𝑙
=  41.59 𝐿  

 

B-5 ADJUSTING THE WASTEWATER RECIPE TO MATCH EXPERIMENT 

CONDITIONS 
ASSUMPTIONS: 

- Average weight of a human stool:123.6 g (Rendtorff & Kashgarian, 1967) 

- Average times a human produces a stool in one day: 1 

- Original wastewater recipe (University of KwaZulu-Natal Pollution Research Group, 2014): 
Ingredient Amount per 1000 g Amount per 500 g 

Instant Yeast 72.80 36.40 
Water 776.10 388.05 
Psyllium Husk 24.30 12.15 
Peanut Oil 38.80 19.40 
Miso Paste 24.30 12.15 
PEG  27.20 12.15 
Bone Meal Powder 24.30 12.15 
Shredded Toilet Paper 12.40 6.20 

 

SOLUTION: 

(𝑦 ∗=
(𝑥∗−𝑥1)(𝑦3−𝑦1)

(𝑥3−𝑥1)
+ 𝑦1) 𝑥 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑒𝑜𝑝𝑙𝑒 𝑃𝑒𝑟 𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑  

 

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐼𝑛𝑠𝑡𝑎𝑛𝑡 𝑌𝑒𝑎𝑠𝑡 = ( 
(123.6−500)(72.80−36.40)

(1000−500)
+ 36.40) 𝑥 1 𝑝𝑒𝑟𝑠𝑜𝑛 = 8.99 𝑔  

 

B-6 DETERMINING THE CONCENTRATION OF FOGS IN THE GREY WATER 

HIGH FOG CONCENTRATION 

ASSUMPTIONS:  

- FOG influent range is 30+ mg/L 

- Annacis Island WWTP FOG influent is 32.50 mg/L (Vazquez, 2018) 

- Lulu Island WWTP FOG influent is 38.00 mg/L (Vazquez, 2018) 

 

SOLUTION:  

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐹𝑂𝐺 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 =
32.50

𝑚𝑔

𝑙
+38.00

𝑚𝑔

𝑙

2
= 35.25

𝑚𝑔

𝑙
  

 

MEDIUM FOG CONCENTRATION 

ASSUMPTIONS: 

- FOG influent range is 15 mg/L – 30 mg/L  
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- Northwest Langley WWTP FOG influent is 17.42 mg/L (Vazquez, 2018) 

 

 

SOLUTION: 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐹𝑂𝐺 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 =
17.42 

𝑚𝑔

𝑙

1
= 17.42

𝑚𝑔

𝑙
    

 

LOW FOG CONCENTRATION 

ASSUMPTIONS:  

- FOG influent range is 0 mg/L – 15 mg/L  

- Iona Island WWTP FOG influent is 9.67 mg/L (Vazquez, 2018) 

- Lions Gate WWTP FOG influent is 9.58 mg/L (Vazquez, 2018) 

 

SOLUTION: 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐹𝑂𝐺 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 =
9.67

𝑚𝑔

𝑙
+9.58

𝑚𝑔

𝑙

2
= 9.63

𝑚𝑔

𝑙
  

 

B-7 CALCULATING TIME TO RUN THE PUMPS  
ASSUMPTIONS: 

- Grey water flow test = 4.2 seconds to fill 500 ml of a graduated cylinder 

- Wastewater flow test = 2.5 seconds to fill 500 ml of a graduated cylinder 

- Household Density: 3ppl/house  

- Volume of grey water per person per day: 41.59 L  

- Volume of wastewater per person per day: 29.09 L 

 

SOLUTION: 

𝐺𝑟𝑒𝑦 𝑤𝑎𝑡𝑒𝑟 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 =
500 𝑚𝑙

4.2 𝑠
= 119.05 

𝑚𝑙

𝑠
  

 

𝑇𝑖𝑚𝑒 𝑡𝑜 𝑟𝑢𝑛 𝑔𝑟𝑒𝑦 𝑤𝑎𝑡𝑒𝑟 𝑝𝑢𝑚𝑝: 41590 𝑚𝑙 ÷ (
119.05 𝑚𝑙

𝑠
 𝑥 

60 𝑠

𝑚𝑖𝑛
)  𝑥 3 𝑝𝑒𝑜𝑝𝑙𝑒 = 17.4 𝑚𝑖𝑛 

 

𝑊𝑎𝑠𝑡𝑒𝑤𝑎𝑡𝑒𝑟 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 =
500 𝑚𝑙

2.5 𝑠
= 200 

𝑚𝑙

𝑠
  

 

𝑇𝑖𝑚𝑒 𝑡𝑜 𝑟𝑢𝑛 𝑤𝑎𝑠𝑡𝑒𝑤𝑎𝑡𝑒𝑟 𝑝𝑢𝑚𝑝: 29090 𝑚𝑙 ÷ (
200 𝑚𝑙

𝑠
 𝑥 

60 𝑠

𝑚𝑖𝑛
)  𝑥 3 𝑝𝑒𝑜𝑝𝑙𝑒 =  7.3 𝑚𝑖𝑛  

 

B-8 CALCULATING CRITICAL SETTLING VELOCITY OF WASTEWATER 

PARTICLES 
ASSUMPTIONS: 

- Gravity, g = 9.8 m/s2 

- Specific Gravity of Organic Waste, Ss = 1.2 (Kharagpur, n.d.) 
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- Specific Gravity of Water, Sw = 1 

- Average Diameter of Particles = 0.003 m  

- Kinematic viscosity of water, v = 1.004 x 10-6 

 

SOLUTION: 

 

𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑆𝑒𝑡𝑡𝑙𝑖𝑛𝑔 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =
𝑔 (

𝑆𝑠
𝑆𝑤

− 1) (𝑑)2

18(𝑣)
=  

9.8 (
1.2
1

− 1) (0.003)2

18(1.004 ∗ 10−6)
= 0.98

𝑚

𝑠
 

 

 

 
 

B-9 CALCULATING VELOCITY IN THE PIPE  
ASSUMPTIONS: 

- Manning’s Coefficient of Roughness, n, for PVC Pipe = 0.01 (LMNO Engineering, 1998) 

- 1 inch = 0.0254 meters 

- Average Flow Depth = 2 cm = 0.02 m  

- Slope = 2%  

 

SOLUTION: 

𝑃𝑖𝑝𝑒 𝑅𝑎𝑑𝑖𝑢𝑠 =
𝐷

2
=

 (4 𝑖𝑛)(0.0254𝑚)

2
= 0.0508 𝑚 

 

∅ = 2𝑎𝑟𝑐𝑜𝑠 (
𝑟 − 𝑑

𝑟
) = 2𝑎𝑟𝑐𝑜𝑠 (

0.0508 − 002

0.0508
) = 1.839 
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𝐴 =
𝑟2(∅ − sin(∅))

2
=

0.05082(1.839 − sin(1.839))

2
= 0.00113𝑚2 

 

𝑃 = 𝑟(∅) = 0.0508(1.839) = 0.0934𝑚 

 

𝑅ℎ =
𝐴

𝑃
=

0.00113

0.0934
= 0.01209𝑚 

 

𝑉𝑝𝑖𝑝𝑒 =  
𝑘

𝑛
𝑅ℎ

2
3𝑆

1
2 =

1

0.01
(0.01209)

2
3(0.02)

1
2 = 0.75

𝑚

𝑠
 

 

 

B-10 CALCULATING VELOCITY IN THE FULLPORT VALVE 
ASSUMPTIONS: 

- Manning’s Coefficient of Roughness, n, for PVC Pipe = 0.01 (LMNO Engineering, 1998) 

- Average Flow Depth, y = 0.7 cm = 0.007 m  

- Slope = 2%  

- Width of valve, b = 17 cm = 0.17 m 

 

𝑅ℎ =  
𝑏𝑦

2(𝑦) + 𝑏
=

0.17(0.007)

2(0.007) + 0.17
= 0.0065𝑚2 

 

𝑉𝑣𝑎𝑙𝑣𝑒 =  
𝑘

𝑛
𝑅ℎ

2
3𝑆

1
2 =

1

0.01
(0.0065)

2
3(0.02)

1
2 = 0.493

𝑚

𝑠
 

 

B-11 CALCULATING VELOCITY OF CANPLAS VALVE 
ASSUMPTIONS: 

- Manning’s Coefficient of Roughness, n, for PVC Pipe = 0.01 (LMNO Engineering, 1998) 

- Average Flow Depth = 2 cm = 0.02 m  

- Slope = 2%  

 

SOLUTION: 

𝑃𝑖𝑝𝑒 𝑅𝑎𝑑𝑖𝑢𝑠 =
𝐷

2
=

 (0.013𝑚)

2
= 0.065 𝑚 

 

∅ = 2𝑎𝑟𝑐𝑜𝑠 (
𝑟 − 𝑑

𝑟
) = 2𝑎𝑟𝑐𝑜𝑠 (

0.065 − 0.02

0.065
) = 1.61 

 

𝐴 =
𝑟2(∅ − sin(∅))

2
=

0.0652(1.61 − sin(1.61))

2
= 0.00129𝑚2 

 

𝑃 = 𝑟(∅) = 0.065(1.61) = 0.10465𝑚 
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𝑅ℎ =
𝐴

𝑃
=

0.00129

0.10465
= 0.012𝑚 

 

𝑉𝑝𝑖𝑝𝑒 =  
𝑘

𝑛
𝑅ℎ

2
3𝑆

1
2 =

1

0.01
(0.012)

2
3(0.02)

1
2 = 0.741

𝑚

𝑠
 

 

B-12 CALCULATING VELOCITY OF MAINLINE RETROFIT VALVE 
ASSUMPTIONS: 

- Manning’s Coefficient of Roughness, n, for PVC Pipe = 0.01 (LMNO Engineering, 1998) 

- Average Flow Depth, y = 1.0 cm = 0.01 m  

- Slope = 2%  

- Width of valve, b = 15 cm = 0.15 m 

 

SOLUTION: 

 

𝑅ℎ =  
𝑏𝑦

2(𝑦) + 𝑏
=

0.15(0.01)

2(0.01) + 0.15
= 0.0088𝑚2 

 

𝑉𝑣𝑎𝑙𝑣𝑒 =  
𝑘

𝑛
𝑅ℎ

2
3𝑆

1
2 =

1

0.01
(0.0088)

2
3(0.02 + 0.02)

1
2 = 0.85

𝑚

𝑠
 

 

B-13 CALCULATING THE AVERAGE ERROR BETWEEN THE DEM AND HAND 

MEASUREMENTS 
ASSUMPTIONS: 

- Error from fullport slope experiments (all in mm): 1.00116, 1.00766, 1.01538 

 

SOLUTION: 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 =  
1.00116 + 1.00766 + 1.01538

3
= 1.008067 𝑚𝑚 

B-14 CALCUALTING THE AVERAGE RATE OF ACCUMUALTION OF SOLID 

DEPOSITION 
ASSUMPTIONS: 

- Linear equations extracted from the Fullport Slope Experiment Graph: 

o Y = 0.0013x+0.00005 

o Y = 0.0009x + 0.00006 

o Y = 0.0003x + 0.0008 

 

SOLUTION: 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 =  
0.0013 + 0.0009 + 0.0003

3
= 0.00083 𝑚𝑚/𝑑  
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APPENDIX C: RAW RESULTS 

Appendix C contains raw data collected from the questionnaire and laboratory experiments. The raw 

data was used in the creation of all displayed results in the main body of the thesis.  

 

C-1 RESPONSES FROM QUESTION 1 OF THE QUESTIONNAIRE 
 

Response ID Percentage Homes with No BWV 

1 10 

2 15 

3 10 

4 25 

5 40 

6 10 

 

C-2 RESPONSES FROM QUESTION 2 OF THE QUESTIONNAIRE 
 

Unable to open cleanout plug 

Unable to find location of BWV 

Missing/Broken Flap 

Backflow leaking up access sleeve 

Flap is stuck closed  

Cannot access valve  

Cleanout plug was not tight  

Don’t know where the valve is  

Tree roots in pipe blocking flow  

Sump pump connected in wrong place 

Valve is not sealing shut in closed position  

Valve was sealed shut with glue or cement  

Didn't know they had a valve 

Garbage flushed down toilets (sanitary wipes, diapers, dental floss) 

Cannot get top off of valve 

Flap is broken 

Debris on flap hinges 

Heavy objects placed on top of valve 

Pieces of the floats on the flap are missing  

Valve is flooded with water all the time  

Debris caught in O-rings  

Flap has be deformed  

Debris from construction fell onto flap  
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Cannot get valve cover off 

Don’t know how to clean valve 

Hygiene products flushed down toilet 

Shower was used during backwater event  

Valve is not emptying all the way  

Flap is stuck to bottom of valve 

Cannot open cleanout plug  

 

C-3 RESPONSES FROM QUESTION 3 OF THE QUESTIONNAIRE 
 

Response ID Percentage BWV Installed Incorrectly 

1 40 

2 20 

3 25 

4 45 

5 10 

6 40 

 

C-4 RESPONSES FROM QUESTION 4 OF THE QUESTIONNAIRE 
 

Slope is not steep enough 

Debris Caught in threads and O-ring 

Garbage fell into drain system before occupancy  

Does not achieve 2% slope  

Other flood protection devices not installed correctly 

missing O-ring  

Lateral is back-sloped  

Valve was cemented or glued 

Valve was not connected to pipe properly (leaking)  

Slope is too low  

Heavy objects placed on top of valve preventing future 
access 

Pipe is sloped towards house  

Faulty connections to pipe  

Groundwater flooding into valve 

 

C-5 RESPONSES FROM QUESTION 5 OF QUESTIONNAIRE 
 

Response ID Percentage Homeowners Aware of Maintenance 

1 10 

2 10 
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3 10 

4 25 

5 20 

6 10 

 

C-6 RESPONSES FROM QUESTION 6 OF QUESTIONNAIRE 
 

Grease build-up  

No maintenance  

Flap cannot close because debris is blocking it  

Lack of maintenance  

Did not have right equipment to take cover off  

Flushing valve did not get rid of material that was stuck  

Improper procedures for maintenance 

Garbage was flushed down toilets (sanitary wipes, diapers) 

Did not have proper tools to access valve  

Did not know valve needed to be maintained 

Debris ontop of flap and in hinges  

Lack of maintenance  

Debris around seal  

Flap is stuck to bottom of valve  

Hygiene products flushed down toilet 

Grease and solids build-up  

 

C-7 FULLPORT AVERAGE SLOPE RESULTS OVER SEVEN DAYS  
 

 FULLPORT 

 SLOPE  
-2% 

SLOPE 
2% 

SLOPE 
10% 

1 1.0 1.0 1.1 

2 1.5 1.4 1.1 

3 1.7 1.7 1.1 

4 2.0 2.1 1.3 

5 2.4 2.5 1.4 

6 3.6 2.8 1.4 

7 4.1 3.3 1.5 

 

C-8 CANPLAS AVERAGE SLOPE RESULTS OVER SEVEN DAYS  

 

 CANPLAS 

 SLOPE  
-2% 

SLOPE 
2% 

SLOPE 
10% 
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1 1.0 1.0 0.0 

2 1.2 1.0 1.0 

3 1.4 1.2 1.1 

4 2.1 1.4 1.1 

5 2.6 1.5 1.2 

6 2.8 1.6 1.2 

7 3.0 1.9 1.2 

 

C-9 RETROFIT AVERAGE SLOPE RESULTS OVER SEVEN DAYS  
 

 RETROFIT 

 SLOPE  
-2% 

SLOPE 
2% 

SLOPE 
10% 

1 1.0 1.0 0.0 

2 1.3 1.1 1.0 

3 1.7 1.4 1.1 

4 2.3 1.8 1.2 

5 2.6 2.2 1.4 

6 2.9 2.3 1.3 

7 3.4 2.6 1.3 

 

C-10 FULLPORT AVERAGE WASTE COMPOSITION RESULTS OVER SEVEN DAYS  
 

 FULLPORT 

 LOW MEDIUM HIGH 

1 1.0 1.0 1.1 

2 1.0 1.4 1.5 

3 1.0 1.7 1.9 

4 1.0 2.1 2.4 

5 1.0 2.5 3.1 

6 1.0 2.8 3.2 

7 1.0 3.3 3.5 

 

C-11 CANPLAS AVERAGE WASTE COMPOSITION RESULTS OVER SEVEN DAYS  
 

 CANPLAS 

 LOW MEDIUM HIGH 

1 1.0 1.0 1.0 

2 1.0 1.0 1.1 

3 1.0 1.2 1.1 

4 1.0 1.4 1.1 
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5 1.0 1.5 1.5 

6 1.0 1.6 1.9 

7 1.0 1.9 2.2 

 

C-12 RETROFIT AVERAGE WASTE COMPOSITION REUSLTS OVER SEVEN DAYS  
 

 RETROFIT 

 LOW MEDIUM HIGH 

1 1.0 1.0 1.0 

2 1.0 1.1 1.2 

3 1.0 1.4 1.2 

4 1.0 1.8 1.4 

5 1.0 2.2 1.9 

6 1.0 2.3 2.5 

7 1.0 2.6 2.6 

 

C-13 FULLPORT AVERAGE HOUSEHOLD DENSITY RESULTS OVER SEVEN DAYS  
 

 FULLPORT 

 3PPL 4PPL 5PPL 

1 1.0 1.3 1.5 

2 1.4 1.7 1.7 

3 1.7 2.2 3.4 

4 2.1 2.9 4.2 

5 2.5 3.3 4.9 

6 2.8 4.7 5.3 

7 3.3 5.4 6.9 

 

C-14 CANPLAS AVERAGE HOUSEHOLD DENSITY RESULTS OVER SEVEN DAYS  
 

 CANPLAS 

 3PPL 4PPL 5PPL 

1 1.0 1.2 1.0 

2 1.0 1.3 1.2 

3 1.2 1.7 1.5 

4 1.4 2.0 2.3 

5 1.5 2.5 3.9 

6 1.6 2.8 4.3 

7 1.9 3.4 5.1 
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C-14 RETROFIT AVERAGE HOUSEHOLD DENSITY RESULTS OVER SEVEN DAYS  
 

 RETROFIT 

 3PPL 4PPL 5PPL 

1 1.0 1.2 1.0 

2 1.1 1.3 1.4 

3 1.4 1.6 1.9 

4 1.8 1.9 2.3 

5 2.2 2.1 3.0 

6 2.3 2.5 3.6 

7 2.6 2.8 4.7 

 

C-15 CAMERA OPERATOR DATA 
 

Expert Level Total Error (mm) 

none 1.35212 

none 1.36118 

none 1.60703 

beginner 1.44644 

beginner 1.49407 

beginner 1.39491 

intermediate 1.36636 

intermediate 1.57694 

intermediate 1.46644 

advanced 1.41523 

 


