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Abstract 

Sludge accumulation, treatment and disposal can represent a high percentage of the 

operating cost for a wastewater system. This is especially important for small-scale and 

onsite wastewater treatment systems, where sludge removal can be one of the few 

operating costs of the system. In 2000, as a result of a large number of septic system 

failures, the community of Wardsville installed a Clearford Industries Inc. Small Bore 

Sewer™ (SBS™) system which included two-chamber 3600 L tanks located on the 

properties of individual homes. The tanks were collectively attached to a small bore 

piping system to deliver the effluent from the tanks to a small community wastewater 

treatment system.  

During the summer of 2007, a field study was initiated with a community survey, 

followed by a review of candidate sites, leading to the selection of 29 sites for site 

investigation and sampling. Sampling involved the collection of samples for sludge 

characterization along with the measurements of the height of solids (scum and sludge) 

within the tank. The data were analyzed to determine the factors having a statistically 

significant impact on solids accumulation rates within each of the two chambers of the 

tank. Household water usage was found to be the variable having the strongest 

association with sludge and scum accumulation, and models were estimated relating 

solids accumulation to water usage in order predict pump out frequency. A second field 

sampling program was conducted in Wardsville during April 2008, involving only the 

first chamber of 13 primary clarifier tanks.  
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Overall contributions have been made in understanding and quantifying solids 

accumulation rates and sludge characterization in onsite primary clarifier tanks. As well, 

the information gained from the analysis of the data collected provides a meaningful 

insight into the factors influencing solids accumulation within individual residential 

primary clarifier tanks, and points to future research directions for understanding the 

factors influencing solids accumulation. 
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CHAPTER 1.  INTRODUCTION 

1.1. Motivation for the Research 

Increasingly there is not only an awareness of the need to protect water supply sources, 

but also the quality of water within these sources. In many urban environments, domestic 

wastewater is collected as it leaves residences and is transported through a large sewer 

system network and subsequently treated in a centralized wastewater treatment plant 

facility. Conversely, in rural areas, the treatment of domestic wastewater from single-

family residences or small clustered communities typically takes place, at least in part, at 

the site where the domestic wastewater is collected. Approximately 15% of Ontarians use 

onsite wastewater systems, while in the United States about 25% of the population relies 

on onsite wastewater treatment (Dawes and  Goonetilleke, 2003; OOWA, 2004).  

Although there are a variety of options available to treat onsite domestic wastewater, 

conventionally, the use of septic tanks combined with soil absorption fields has been the 

most common system employed over the past century (Hu and Gagnon, 2006; Joy et al., 

2001). With the phenomenon referred to as the urban sprawl, the development of small 

clustered communities is spreading to more rural areas where there are currently no 

centralized wastewater treatment facilities or infrastructure. These developments typically 

have individual plot sizes that are smaller than would traditionally have been expected in 

rural areas, and for this reason traditional onsite wastewater treatment technologies are 

not always appropriate.  

For small clustered communities, a range of onsite technologies are available, such as the 

Clearford Industries Small Bore Sewer™ (SMS™) that utilizes an onsite primary 
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clarification unit followed by a small bore sewer system which collects the primary 

clarifier effluent and transports it to a wastewater treatment plant. The purpose of the 

primary clarification, as a pre-treatment process, is to remove a large fraction of the 

suspended solids before the wastewater enters the sewer system. This is important to 

reduce the occurrence of clogging in the sewer system (USEPA, 2000). For both 

traditional and more advanced wastewater treatment systems, which rely on onsite 

primary clarification, the removal of the accumulated solids within the septic tank can 

represent the primary maintenance requirement for the onsite stage of wastewater 

treatment. The septic tank provides primary clarification and is considered to act as a 

primary clarifier tank. While solids removal is critical, the determination of when these 

accumulated solids should be removed is complicated by the occurrence of processes 

such as settling and partial treatment through anaerobic digestion that can affect the 

volume and quality of the accumulated solids (Talbot et al., 1996).  

In 2000, the village of Wardsville (Ontario), located between London and Chatham, 

implemented a Clearford Industries Inc. SBS™ system. This system was installed to 

replace individual conventional septic systems (septic tanks followed by leach fields) as a 

result of a large number of system failures including leach field clogging.. The Clearford 

Industries Inc. SBS™ system includes two-chamber 3600 L tanks located on individual 

residential properties and collectively attached to a small bore piping system that delivers 

the effluent from the tanks to a small community wastewater treatment system. The 

removal of sludge can represent one of the major operating costs of the Clearford 

Industries Inc. SBS™.  As a result, a study was undertaken to assess the onsite portion of 

the system and gain a better understanding of the sludge and scum accumulation rates. 
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The aim was to optimize the frequency of solids removal, which would not only benefit 

the community in terms of cost savings to the municipality, but also protect the 

downstream collection and treatment system. As well, optimization of pump-out 

frequency can potentially minimize the liquid volume of septage requiring disposal. 

1.2. Scope of the Research 

The primary objective of this research was to characterize the Clearford Industries Inc. 

SBS™ System and to investigate the accumulation of solids within the system. A field 

investigation was conducted in the community of Wardsville in conjunction with 

Clearford Industries Inc., the Municipality of Southwest Middlesex and Queen’s 

University. This study was accomplished through the distribution and completion of a 

residential community survey; selection of a number of sites representative of a wide 

range of operating conditions based on household size and estimated water usage; 

coordination and performance of onsite solids sampling followed by physical and 

chemical characterization of the solids; and, data analysis and interpretation. The field 

sampling of sludge accumulated within the two chambers of 29 primary clarifier tanks 

operating at selected residences in Wardsville was initiated in August, 2007, and aimed to 

determine the solids profile, characterize the sludge and the accumulation rate of solids, 

as well as the frequency of solids removal required from the tank to maintain optimum 

operating conditions.  

A review of the literature indicated that standard or established procedures for onsite 

solids characterization were not currently available for sludge and scum layer 

determination and the sampling of septic tank systems in field investigations. As such, a 
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standard procedure was developed and implemented in this study focusing on the 

protocol for sludge level determination and sludge sampling procedures, as well as 

methodologies necessary to characterize the sampled sludge. 

Once the field sampling was completed, a detailed statistical analysis of the data set was 

performed in an attempt to establish patterns in the data that might be useful in further 

studies and to identify the importance of factors that influence the solids accumulation 

rate within the residential primary clarifier tanks located. The data sets were also used to 

estimate statistically significant models that could estimate sludge and scum 

accumulation rates based on readily measurable parameters.  

1.3. Objective of the Research 

The objective of this research was to characterize the sludge accumulation rate, as well as 

the solids and nutrient profile within the residential primary clarifier tanks of a 

community’s onsite wastewater treatment systems. In order to achieve these objectives 

the research was separated into the following tasks: 

- Review of the literature available on onsite wastewater technologies including 

individual residential primary clarification; 

- Examination of past studies investigating sludge characterization and 

accumulation rates in onsite wastewater systems containing individual residential 

primary clarifier tanks; 

- Establishment of a systematic field investigation approach for the sampling and 

measurement of primary clarifier sludge and scum layers to allow for the 

characterization of solids and the quantification of sludge accumulation rates in 
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both chambers of the primary clarifier tank, at individual residences within the 

onsite wastewater treatment systems; 

- Characterization of the solids and nutrient profiles in the two chambers of primary 

clarification units at survey selected residences within the Wardsville onsite 

wastewater treatment system; 

- Characterization of the sludge and scum accumulation rates, as well as the 

determination of a conservative solids removal frequency for each chamber of 

primary clarification units based on the collected Wardsville onsite wastewater 

treatment system data; 

- Development of predictive models to estimate sludge and scum accumulation 

rates based on readily measurable parameters related to the operation of both 

chambers of a domestic primary clarification unit within an onsite wastewater 

treatment system. 

1.4. Organization of the Thesis 

This thesis contains 6 chapters and 1 sub-divided Appendix. Chapter 1 includes the 

introduction, scope and objective of this thesis. The review of the available literature is 

presented in Chapters 2 and 3. In Chapter 2, the review of onsite wastewater processes 

has been discussed, while in Chapter 3 a review of the past studies and information 

available on septic sludge characteristics and accumulation rates has been compiled and 

discussed. Chapters 4 and 5 focus on the field investigation and the resulting data 

generation and analysis. Chapter 4 contains the field sampling approach developed for the 

Wardsville (ON) site and was elaborated for application to future studies involving onsite 

community wastewater treatment systems with individual residential primary clarifier 
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tanks. Additionally in Chapter 4, the sludge characteristics and accumulation results from 

the August 2007 field investigations of the first and second chambers of 29 primary 

clarifier tanks at residences in Wardsville (ON) were analyzed and a number of scum and 

sludge accumulation models were estimated from the data set. Chapter 5 presents and 

compares the field investigation of April 2008 of 13 first chambers of primary clarifier 

tanks at residences in Wardsville (ON) with a focus on 3 sites included in both the 

August 2007 and April 2008 site investigations. Finally, Chapter 6 presents the 

conclusions emerging from the overall study, as well as the significance of this study, and 

provides research direction recommendations for consideration in future studies. 
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CHAPTER 2.  REVIEW OF ONSITE WASTEWATER TREATMENT 

UTILIZING SEPTIC TANKS FOR PRELIMINARY TREATMENT 

2.1.  Preface to Chapter 2.0 

This chapter provides an overview of the onsite wastewater technologies focusing on 

those that utilize septic tanks for primary clarification. The chapter also includes a review 

of the governance surrounding onsite wastewater technology installation, operation and 

management. The focus of this review is on the regulations, management plans and 

technologies approved for use in North America. 
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Abstract 

Historically, onsite wastewater treatment, also known as decentralized wastewater 

treatment, has relied on the disposal of the waste with minimal treatment, which generally 

consisted of a septic tank followed by a soil absorption field. For systems that are 

properly sited, sized, constructed, and maintained, these systems have been thought to be 

an efficient and cost effective method of onsite wastewater treatment and disposal. 

However, increasingly the limitations of this technology, as well as the intensification of 

development in previous rural areas, are leading to the development of new treatment 

systems and innovative methods to treat wastewaters onsite. These processes have 

previously been utilized in larger centralized treatment facilities, and hence can typically 

incorporate some aspects of a conventional onsite treatment systems with additional 

enhancements such as aeration or support media for the attachment of microorganisms to 

enhance wastewater treatment. These treatment units usually incorporate septic tanks as a 

means of pre-treatment for separating solids content. This paper will discuss onsite 

wastewater treatment technologies, which include septic tanks as a pretreatment step. A 
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focus is provided on treatment units approved for use under the Ontario Building Code. 

However, several other emerging technologies approved for use in other jurisdictions are 

also included. In addition to treatment processes, the regulations, standards and 

management requirements that govern onsite wastewater systems are reviewed.  

Keywords: Decentralized Wastewater Treatment, Domestic, Sewage Systems, Septic 

Tanks, Onsite, Management, Aerobic Attached Growth Processes, Aerobic Suspended 

Growth Processes, Filtration, Soil Based Treatment, Small Diameter Sewers, 

Regulations, Governance  
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2.2. Introduction 

A sizeable portion of the population throughout the world relies on onsite wastewater 

treatment, which is also known as onsite wastewater treatment and disposal. 

Approximately 15% of Ontarians use of onsite wastewater treatment systems, while in 

the United States about 25% of the population relies on these systems (Dawes and 

Goonetilleke, 2003; OOWA, 2004). Although the most primitive methods of onsite 

treatment were cesspools and pit privies, for the past century and a half most systems 

have used a combination of a septic tank followed by a soil absorption field to treat 

domestic wastewater (Joy et al., 2001; Hu and Gagnon, 2006). Within the conventional 

septic tank, solids separation and partial treatment occurs through anaerobic digestion 

followed by further treatment by absorption, filtration and possibly ion-exchange in the 

soil as it percolates towards the water table (Talbot et al., 1996). When the construction 

of traditional septic systems is properly done and adequate site conditions are present, the 

treated effluent can be discharged into the groundwater (Hu and Gagnon, 2006). 

However, it is when these systems fail that there is a potential for environmental and 

public health concerns. Failures in conventional septic systems can occur for a number of 

reasons including (Reneau et al., 1989; Talbot et al., 1996);  

- poor construction practices during installation which can result in soil damage 

- installation of systems in locations which do not have soils appropriate for soil 

absorption systems due to either low or high soil permeabilities 

- a high water table during a portion of the year  

- shallow rock depth below the ground surface 
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In addition, the higher demand for water in rural homes and building of homes on 

increasingly smaller plots of property, often with soil that has inadequate infiltration 

capacity, has led to the decreasing reliability of conventional onsite systems for the 

treatment of wastewater (USEPA, 1998; Joy et al., 2001).  

Within the past several decades there has been an interest in alternative onsite 

technologies due to the possibility of more stringent regulations being imposed on the 

quality of septic tank effluents by local municipalities, as well as national and 

international governing bodies. The numerous regulations and standards for onsite 

wastewater treatments will be discussed in greater detail later in this review.  

With the introduction of a number of new technologies for onsite wastewater treatment 

has come the increased need and realization that, especially in areas with a high density 

of onsite systems, it may not be appropriate to leave the oversight and management of 

wastewater treatment solely in the hands of the home owner (USEPA, 2002). For this 

reason, in the past several decades, the introduction of management programs has been 

more frequently discussed and implemented at all levels of government. These 

management plans, which will be discussed later in this review, involve the regulation of 

inspection programs to ensure that all systems operating in a municipality or 

environmentally sensitive region have some level of oversight after installation (USEPA, 

1998). Traditionally, once a conventional septic system had been installed, the operation 

and maintenance of the systems was the responsibility of the owner, but with no 

consequences or repercussions if the system was not properly operated. 
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As a result of the increased oversight and more stringent effluent discharge criteria, a 

number of technologies have emerged that typically incorporate aspects of traditional 

septic systems either to retrofit failing systems or for greenfield installations. These 

technologies combine conventional septic tanks with various physical, biological and 

chemical technologies that have been used successfully in larger scale wastewater 

treatment applications, as well as for small communal wastewater treatment systems. The 

technologies have allowed new communities, as well as existing communities, to 

implement new alternatives to conventional septic systems. These communities now have 

the option to install new collection systems and treat the wastewater in a small communal 

wastewater treatment plants.    

Overall, in the past several decades, the wastewater treatment options for rural onsite 

residences and communities have expanded to include many of the same advanced 

technologies being implemented in the world’s largest municipal wastewater treatment 

plants, taking the best aspects of the conventional septic systems and increasing the 

treatment performance while still requiring little maintenance and operational 

requirements. 

2.3. Governance of Onsite Wastewater Treatment  

The procedures and protocols for a wastewater technology to be approved for use in a 

jurisdiction vary depending on the regulations in place. Typically the oversight of 

centralized and onsite systems is divided between two or more agencies (USEPA, 1998). 
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2.3.1. Onsite Wastewater Technology Regulations 

In 1998, the USEPA reported that the division of wastewater treatment oversight could 

lead to confusion with respect to onsite systems (USEPA, 1998). Within a number of 

provinces and states, local governments have regulations that allow for the installation of 

conventional septic systems or alternatives which have been placed on an approved list of 

technologies (USEPA, 1998). The USEPA report suggested that states should consider 

consolidating all legal authority for centralized and onsite systems under one regulatory 

agency and codes in order to streamline the management and oversight of wastewater 

systems. Within Ontario, the approval process for onsite wastewater technology falls 

under the mandate of the Ontario Ministry of Municipal Affairs and Housing and, in 

particular, technologies must be approved for use by the Building Materials Evaluation 

Commission.  

2.3.2. Alternative Onsite Technology Accreditation: NSF 40  

For an onsite wastewater treatment system to be approved for use in North America, it is 

must pass a set of tests conducted by a third party testing organization. In the United 

States, NSF International is the most well known independent not-for-profit, non-

governmental organization (NSF International, 2004a). It is a leader in standards 

development, product certification, education and risk-management for public health and 

safety (NSF International, 2004a). NSF created a standard for residential wastewater 

treatment systems known as NSF 40 that is used to provide basic criteria to promote 

sanitation and protection to public health (NSF International, 2004a). In order for an 

onsite wastewater treatment technology to receive certification under NSF 40, it must 
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meet the minimum materials, design and construction and performance requirements, as 

set out in the standard (NSF International, 2004a). This standard also extends to include 

the minimum requirements for information that should be provided to authorized 

representatives and owners, as well as the service requirements that the manufacturer 

must extend to the owners (NSF International, 2004a). The testing that a system must 

undergo includes testing under design loadings, as well as under stress conditions set over 

a 26-week period of consecutive testing (NSF International, 2004a). The stress conditions 

include wash-day, working-parent, power-equipment failure and vacation (NSF 

International, 2004a). There are two classifications of systems in the NSF 40. Class 1 and 

Class 2. Class 1 is a higher classification with very detailed testing and effluent 

requirements that includes, but is not limited to those set out in Table 2.1. 

Table 2.1: NSF/ANSI 40 standard class 1 effluent criteria (NSF International, 2004a) 

 Units 
Maximum 30 

day average 

Maximum 7 

day average 

CBOD5 mg/L 25 40 

TSS mg/L 30 45 

A Class 2 certification requires that no more than 10 percent of the effluent CBOD5 and 

TSS exceed 60 mg/L and 100 mg/L, respectively (NSF International, 2004a).  

Although NSF international sets the standard for accreditation, other third-party testing 

bodies are able to provide the actual testing for new technologies attempting to get NSF 

40 accreditation. One example of a third party testing body is Canada’s Environmental 

Technology Verification (ETV) Program which was established in 1997 by Environment 
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Canada, for the independent performance verification of environmental technologies 

(ETV, 2007).  

2.3.2.1. Case Study: Ontario Onsite Wastewater Treatment Regulations  

The Province of Ontario can be used as a case study, as it is similar to many jurisdictions 

where onsite wastewater treatment technologies are divided into several classes of 

treatment systems. In the 1970s, the responsibility for overseeing the installation of 

sewage systems was transferred from the Ministry of Health to the Ministry of 

Environment (MOE). Later, regulations governing private sewage systems were 

transferred from the MOE to the Ministry of Municipal Affairs and Housing, and 

subsequently incorporated into the Ontario Building Code (OBC – 1997) (North Bay 

Mattawa Conservation Authority, 2008).  

Currently in Ontario there are 5 classes of treatment systems: Class 1 for various forms of 

toilets and privies, Class 2 for grey water systems, Class 3 for cesspools, Class 4 for 

leaching systems and Class 5 for systems requiring holding tanks (Ministry of Municipal 

Affairs and Housing, 2007).   

Conventional septic systems and alternative wastewater treatment options are generally 

found in Class 4, which includes various treatment units followed by a leaching bed. The 

design and size of the leaching field required depends on the effluent characteristics after 

the treatment unit.  
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Alternative technologies approved for operation in Ontario can either be considered to 

meet secondary or tertiary effluent criteria as stated in Table 2.2 (Ministry of Municipal 

Affairs and Housing, 2007). 

Table 2.2:  Ontario Building Code secondary and tertiary treatment unit effluent quality 

criteria (Ministry of Municipal Affairs and Housing, 2007) 

Parameter Units Secondary Effluent Tertiary Effluent 

BOD5 mg/L 40 15 

CBOD5 mg/L 30 10 

Suspended Solids mg/L 30 10 

In order to be considered a secondary or tertiary effluent approved technology, the system 

must be tested by a third party testing program to demonstrate that system is able to meet 

the requirements as set in the Ontario Building Code.  

2.3.3. Onsite Wastewater Management  

The purpose of onsite wastewater management programs and regulations is to protect the 

public health and water quality. A USEPA report to the Congressional House of 

Representatives Appropriations Committee stated that onsite wastewater systems are 

“cost-effective and can augment public health and water quality objectives in rural/small 

communities” (USEPA, 1998). However it was also noted that few communities have 

developed an organizational structure necessary to effectively manage onsite systems. 

The report proposed that programs be developed to ensure that systems are sited, 

designed, installed, operated and maintained properly (USEPA, 1998). Currently, the 

management of onsite wastewater systems in North America is typically the 

responsibility of a conservation authority, municipality or county (USEPA, 1998). There 

are numerous communities that have developed management strategies for the oversight 
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of onsite wastewater systems. This being said, even when management programs are 

introduced for onsite wastewater processes in a jurisdiction, they can typically be limited 

or take a number of years to implement as a result of the funding and constraints for the 

resources required for full re-inspection programs. Some programs have been developed 

as a precautionary measure, while others have been developed in response to 

environmental (visible eutrophication of a water body or region) or public health 

(deterioration of public water source) concerns (USEPA, 1998). In their early stages, 

some of these programs focus on regions which are highly environmentally sensitive or 

systems that are thought to be of the most concern.  

2.3.3.1. Case Study:  Mattawa Conservation Authority  

One example of a management program that has been introduced is the re-inspection of 

onsite wastewater treatment units in Sequin Township and North Bay developed by the 

Mattawa Conservation Authority (Hachigian and Hunter, 2006). The Mattawa 

Conservation Authority’s area of jurisdiction covers over 2,800 square kilometers and is 

based on identified watersheds within the Lake Nipissing and Ottawa River Basins 

(North Bay Mattawa Conservation Authority, 2008). The re-inspection program began in 

2002 and as of the end of 2006; over 3000 systems had been physically visited and 

inspected on over 25 bodies of water (Hachigian and Hunter, 2006). Before visiting each 

site, an extensive search for documents relating to the installed system was undertaken 

including the permits relating to the treatment of sewage and other file reviews which 

indicated additional fixtures flowing in the onsite system (Hachigian and Hunter, 2006). 

These documents were necessary to gain an understanding of both the type of system and 

its location on the site. Once the sites were inspected, it was intended that any issues 
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encountered would be remedied and the owners of the system would be educated to 

ensure that any issues could be solved in the future without requiring an inspection. Once 

the sites were investigated, system deficiencies as well as any action required by the 

owner subsequent to inspection were noted. These deficiencies included:  substandard 

privies, bed overgrowth (including invasive roots), greywater discharge (i.e., outdoor 

showers without any treatment), heavy objects on bed, substandard clearances, inability 

to locate system, inadequate greywater system, old steel treatment units, and blackwater 

discharge (Hachigian and Hunter, 2006). For one particular region, 134 properties were 

inspected on 3 lakes, and of those properties 40 were found to have deficiencies or to 

require further inquiries (Hachigian and Hunter, 2006). Out of the 40 properties found to 

have deficiencies, the majority were related to substandard privies and greywater 

discharges (Hachigian and Hunter, 2006). 

2.3.3.2. Case Study: Craven County  

Another example of an onsite sewage monitoring program can be found in Craven 

County, which is in the central coastal area of North Carolina with a population of 

83,000, 50% of whom are served by individual onsite sewage treatment systems (Myers, 

1993). In 1993, this county was one of the fastest growing in North Carolina, and has soil 

conditions that are not conducive to conventional septic systems. In 1988, all concerned 

parties in the county began to plan a program to allow for the use of innovative onsite 

technologies, to be monitored by a county controlled operation and maintenance plan to 

ensure that the systems were adequately operated (Myers, 1993). The program began as a 

pilot program in 1989 with the following objectives: develop site criteria and 

maintenance requirements for alternatives, conduct appropriate scientific evaluations to 
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determine system performance, develop local technical and management skills necessary 

to institute a county-wide operation, and utilize data collected to suggest appropriate 

changes to applicable rules (Myers, 1993). The next step in the plan was to classify all the 

soil types in the county into 6 groups which allowed for a simplification of design 

(Myers, 1993). A variety of pre-treatment, disinfection and effluent treatment units were 

then evaluated by the county and installed at 18 sites (Myers, 1993). A two year 

monitoring program was implemented involving weekly systems operational checks, 

water flow recording, and groundwater sampling (pH, chloride, total organic carbon, 

nitrate, phosphorous, fecal coliform, ammonia and total dissolved solids) from 5 shallow 

wells surrounding the site (Myers, 1993). Following the 2-year monitoring and evaluation 

of the systems, the most effective treatment system for the county was to be selected for 

utilization in the county-wide management phase of the program (Myers, 1993). 

Unfortunately, no further information could be located discussing the outcome of the 

monitoring and system evaluation, and therefore the final outcome of the study cannot be 

addressed. 

2.3.3.3. Future of Onsite Management  

Currently, operation and maintenance programs for onsite wastewater treatment systems 

are usually initiated on a voluntarily basis and left to the discretion of a principal 

authority which is usually a local municipality, county or conservation authority. 

However, some jurisdictions are starting to move towards the creation of regulations to 

mandate programs. In Ontario, there is a review of the current Building Code that would 

mandate the principal authority to establish mandatory maintenance inspection programs 

in areas designated as vulnerable, which include areas that have been assessed to require 
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source protection (Ministry of Municipal Affairs and Housing, 2008). In addition, 

discretionary maintenance programs are also outlined in the proposed changes for areas 

that have not been designated vulnerable. The Ontario Act proposes an initial inspection 

by an inspector within 5 years of the vulnerable areas being established and a re-

inspection every 5 years (Ministry of Municipal Affairs and Housing, 2008). Site 

inspections would include locating the sewage system, identifying any signs of system 

failure or malfunction and identifying systems at risk of failure. Once the preliminary site 

inspection is completed, if deemed to be at risk of malfunction, a second more intensive 

inspection could be required that would include a physical inspection of the tank and 

leaching bed (Ministry of Municipal Affairs and Housing, 2008).  

It is becoming more evident to those involved in onsite wastewater treatment, that even 

with the more advanced technologies available, without proper oversight, operation and 

maintenance of these systems, there is still a potential to negatively impact public health 

and the environment.  

2.4. Onsite Wastewater Treatment Processes 

The oldest form of onsite wastewater treatment that is still in use today in some seasonal 

use situations is the pit privy or the cesspool (Joy et al., 2001). The pit privy and 

cesspools offer only minimal environmental protection and that is why most have been 

replaced with conventional septic systems, which were, until several decades ago, the 

main treatment technology used onsite (Joy et al., 2001). In recent years, there have been 

advances in the treatment technologies, but in the majority of these systems a septic tank 

is typically involved in the pretreatment or primary treatment of the influent. The 
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following sections will describe and discuss not only this septic tank but also the 

additional treatment processes and technologies that have evolved from the utilization of 

septic tanks. 

2.4.1. Conventional Septic System 

Conventional septic systems consist of a septic tank and a soil absorption field typically 

known as either a disposal, drain or leaching field.  

2.4.1.1. Septic Tank  

In the 1860s, the first septic tank was developed in France and was quickly patented and 

copied throughout the world (Metcalf and Eddy Inc., 1991). Figure 2.1 depicts the design 

of the original septic tank. A comparison with the design in Figure 2.2 of a more recent 

septic tank indicates that the tanks still being installed today closely resemble the original 

septic tank design.   
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Figure 2.1:  Schematic of first septic tank (Metcalf and Eddy Inc., 1991) 

The Canadian Standards Association (CSA) and the USEPA have broad guidelines for 

septic tank design and construction, however it is the responsibility of each province and 

state agency to mandate their own the design and construction standards for septic tanks. 

The CSA’s guidelines for pre-fabricated sewage holding tanks does not explicitly state 

that the septic tank must be divided in compartments (Lossing, 2001). These regulations 

vary immensely in the detail that is given and many aspects of design and construction 

including the number of compartments are not included in every province’s regulation. A 

review of all Canadian provincial regulations and those of 10 randomly selected states 

indicates that there are 4 provinces (Manitoba, Ontario, Saskatchewan, and Quebec) that 

require two compartment septic tanks at all installations, and 1 province (Prince Edward 

Island) that requires two compartments tanks when the tank is larger than 4090L 

(Lossing, 2001). The remaining provincial regulations do not specifically state the 
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number of compartments in the septic tanks. From the 10 randomly selected regulations 

from the United States (Alaska, Colorado, Connecticut, Idaho, Maine, Minnesota, Rhode 

Island, Texas, Utah, and Wyoming) three states require two compartments (Alaska, 

Colorado, and Texas) (Lossing, 2001).    

Although the majority of the solids should settle in the first chamber, the presence of the 

second chamber acts as additional protection to prevent washout of the solids during high 

hydraulic load situations. In some of the more advanced wastewater treatment 

technologies, septic tanks can contain three or more chambers that are used to house and 

perform additional treatment.  

 
Figure 2.2:  Schematic of two chamber septic tank (U.S. Inspect, 2006) 
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Within the septic tank, solids settle to the bottom forming a sludge layer, while fats, oils 

and greases float to the surface forming a scum layer (Metcalf and Eddy Inc., 1991; 

Crites and Tchobanoglous, 1998). The solids that have settled can be divided into two 

general categories: inorganic and organic. For typical domestic wastewater, the majority 

of the solids can be assumed to be organic and this fraction undergoes facultative and 

anaerobic decomposition and is converted to carbon dioxide (CO2), methane (CH4) and 

hydrogen sulfide (H2S) (Crites and Tchobanoglous, 1998). Although a large portion of 

the solids can be degraded by anaerobic decomposition, there will always be a net 

accumulation of sludge due to the small fraction of inorganic solids in the inlet 

wastewater, as well as some portion of the organic solids that has an extremely slow 

decomposition rate (Crites and Tchobanoglous, 1998). For this reason there will always 

be an accumulation of solids within the tank which will require periodic pumping. 

Although the main purpose of the septic tank is solid settling and digestion, the treatment 

of the liquid stream also occurs as a result of solids settling, as well as biological 

treatment. Table 2.3 shows typical values of the inlet and outlet characteristics of 

wastewater flowing through a septic tank. 

Table 2.3: Septic tank influent and effluent characteristics(Metcalf and Eddy Inc., 1991) 

Parameter Units Influent Effluent 

BOD mg/L 210-530 140-200 

SS mg/L 237-600 50-90 

Total Nitrogen mg/L 35-80 25-60 

NH4
+
 mg/L 7-40 20-60 

NO3
-
 mg/L <1 <1 

Total Phosphorous mg/L 10-27 10-30 

Fecal Coliform MPN/100 mL 10
6
-10

10
 10

3
-10

6
 

Viruses PFU/mL Unknown 10
5
-10

7
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The range of values presented in Table 2.3 is the result of fluctuations in wastewater 

characteristics based on factors including, but not limited to lifestyle, and number of 

people per residence, as well as water usage. As the partially treated wastewater flows out 

of the septic tank in the majority of newer tanks, it passes through an effluent filter. These 

are discussed in more detail in section 2.4.5.1. The effluent from the septic tank then 

flows through a pump chamber or distribution box or directly to the next stage in the 

treatment process depending on the process.  

2.4.1.2. Soil Absorption Fields  

Soil-based treatment is as an aerobic attached growth treatment that, when combined with 

pre-treatment by a septic tank, represents a conventional septic system. A soil-based 

treatment is typically the final treatment stage, as well as the method for distributing the 

treated effluent for almost all onsite wastewater treatment systems. Soil-based processes 

are traditionally known as leaching or soil absorption fields (Lesikar, 2006). Subsurface 

effluent disposal is a critical part of the treatment process as it acts as a last line of 

defense along with buffer zones to prevent contamination of surface and groundwater 

resources by sewage (Dawes and Goonetilleke, 2003).   

There are several types of soil-based treatments which are selected for installation at a 

specific site, depending on the characteristics of the soil at the site, the footprint available 

and the location of the groundwater table. These soil-based treatment options are 

discussed in more detail later in this review. Site investigation and soil characteristic 

considerations assist in the siting of the leach field at a particular site. Soil classification 

is required to determine the capacity of the soil to absorb the effluent and involves a 
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percolation test performed normally at several locations on the site to determine if the soil 

characteristics are uniform throughout the site (Crites and Tchobanoglous, 1998). Not all 

soils are suitable for subsurface systems and, therefore, inspection of the soil profile is 

necessary (Crites and Tchobanoglous, 1998).  

All soil-based treatment systems use physical, chemical and biological mechanisms to 

contain untreated materials, inactivate pathogens, disperse residual water and remove 

organic matter and nutrients (OOWA, 2004). These mechanisms are complex and have 

been shown to be highly influenced by the biological zone, or biomat, that naturally 

develops within the soil. In general after start up, the hydraulic conductivity of the soil, 

which is the ability of the soil to accept and process the wastewater within the biomat, 

decreases over time. The increased resistance in the biomat can result in the saturation of 

the soil if the hydraulic loading rate to the soil is maintained above the hydraulic capacity 

of the biomat (OOWA, 2004). Hydraulic conductivities for mature biomats have been 

estimated to be approximately 0.6 mm/day for clay soils and 2 mm/day for sandy soils 

(Bouma, 1975). 

The development of a biomat occurs typically in 3 phases and is greatly impacted by the 

wastewater characteristics entering the soil including the suspended solids, biochemical 

oxygen demand, and the loading rate (Beal et al., 2005). The first phase of biomat 

development involves a rapid reduction in the hydraulic conductivity of the soil by 

physical straining of organic matter and suspended particles which act to block the pores 

of the soil in the top layer of the infiltrative surface, causing a reduction in the flowrate 

through the zone (Beal et al., 2005). After this initial phase, a slower decrease in 
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hydraulic conductivity is observed during the second phase of biomat development (Beal 

et al., 2005). Biological activity is stimulated by changes in soil conditions during the 

first phase (Beal et al., 2005). The third phase of biomat development is also considered 

an equilibrium state within the biomat (Beal et al., 2005). During this phase, 

accumulation of clogging materials at the biomat's surface is balanced out by die-off and 

sloughing of clogging material at the bottom (Beal et al., 2005). Once this equilibrium is 

established, the influential factors leading to failure of absorption have been found to 

relate to hydraulic and organic (i.e., cumulative BOD and suspended solid) loading rates, 

dosing regime (i.e., pressure versus gravity), oxygen transfer at the soil surface and the 

underlying soil biogeochemical properties (Beal et al. , 2005; Bouma, 1975).   

Another regional influence on biomat development is the temperature of the wastewater 

being applied to the soil. Wastewaters with lower temperatures tend to promote higher 

biomat development. This could occur as a protective response to the stress imposed on 

the microorganisms by the change in temperature resulting in the production of additional 

extracellular polymeric substances (EPSs) by microorganisms within the biofilm At sites 

where the wastewater treatment system is only used intermittently, as would be seen in 

summer cottage areas, the absence of biomats has been noted in some cases, which can be 

an issue in terms of the protection of the groundwater table. 

2.4.2. Aerobic Attached Growth Processes  

Aerobic attached growth processes are part of a broad class that includes many treatment 

processes involving the growth of an aerobic film of microorganisms attached to external 

support media. This film is also commonly known as a biofilm or biomat. Aerobic 



 

28 

 

attached growth processes can be broken down into three categories: non-submerged 

attached growth processes, submerged growth processes and hybrid attached processes 

(Metcalf and Eddy Inc., 1991). A more detailed description of these categories is 

presented in the following sections, but the overall treatment microbiology and process is 

similar for all categories.  

As discussed in the previous section, the traditional soil leaching field can be included in 

the grouping of treatment processes known as aerobic attached growth processes. 

Typically in these processes, the wastewater first flows through a primary clarifier tank, 

which in this context is a septic tank, and then the effluent is conveyed to the aerobic 

attached growth treatment process. To treat the wastewater effectively, this process 

requires microorganisms, a support structure and, typically oxygen. The microorganisms 

in this process affix themselves to some form of support structure, or medium, which 

allows the microorganisms to stabilize them and form a biofilm. A biofilm contains a 

high percentage of water and contains not only microorganisms but also EPS produced by 

the microorganisms (Gavrilescu and Macoveanu, 2000). The structure of biofilms is 

highly dependent not only on the characteristics and strength of the substrate but also on 

the hydrodynamic patterns of the wastewater through the biofilm (Gavrilescu and 

Macoveanu, 2000). 

The biofilm characteristics can be affected by the type of media that are used as support 

structures. The support structure is not necessarily a highly engineered structure and can 

include soil particles, as in soil leaching fields; or in more advanced technologies, the 

media can include peat or plastic as highly engineered structures with large surface area 
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to which the microorganisms can attach (Metcalf and Eddy, Inc., 1991). Typically, 

wastewater in aerobic attached growth processes is distributed over the surface of the 

media and allowed to flow downwards using gravity (Stephenson et al., 2000). The 

presence of oxygen typically comes from either passive ventilation or aeration. 

Advantages of this process revolve around the immobilization of the microorganisms 

(Stephenson et al., 2000). The attachment of cells in biofilms promotes the slow growth 

microbial species unable to compete in suspended growth environment due to the shorter 

residence time (Stephenson et al., 2000). Slower growth microbial species have the 

ability to biodegrade complex compounds and pollutants due to the longer solids 

retention time, but without requiring long hydraulic retention times or high recycle ratios 

(Stephenson et al., 2000). 

The mechanisms involving oxygen and substrate transfer within the biofilm are complex 

and most factors that influence the characteristics are interrelated and not well understood 

(Stephenson et al., 2000). The highest concentration of oxygen and substrate are present 

at the biofilm liquid interface which results in the highest microbial activity near this 

point. In the biofilms, anaerobic conditions exist near the surface of the media 

(Stephenson et al., 2000). Figure 2.3 is a simplified representation of the concentration 

profiles of oxygen, carbon substrate and microbial activity in a biofilm as expected in the 

typical biofilms. 
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since in suspended flocs, the microorganisms are removed from the reactor along with the 

bulk liquid.  

The biological conversion of the organic matter occurs as a result of a community of 

microorganism including: aerobic, anaerobic and facultative bacteria, as well as fungi, 

algae and protozoans (Stephenson et al., 2000). Microorganisms in all forms are present 

within all regions of the biofilm layer where they perform the decomposition of the 

organic matter, with facultative bacteria typically dominating the microorganisms (Crites 

and Tchobanoglous, 1998). There are also some higher trophic organisms present at times 

in or on the biofilm including worms, insect larvae and snails (Crites and Tchobanoglous, 

1998). The distribution of individual populations can vary greatly throughout the filter 

depth due to many factors such as organic loading, hydraulic loading, influent wastewater 

composition, pH, temperature, and oxygen availability (Crites and Tchobanoglous, 1998).  

Over time, the microorganisms form a growing and dynamic biological film on the 

medium and the colloidal and dissolved solids are absorbed by this film where 

biochemical oxidation takes place (Crites and Tchobanoglous, 1998). Eventually, the film 

becomes very thick as a result of all the accumulated organic matter and will detach from 

the media. This detachment is also known as sloughing. The sloughed biofilm can either 

be reintegrated into the biofilm at a lower point in the filter or is discarded with the 

effluent. Nitrifying bacteria are also present at the lower depths of the filter chamber 

since the biochemical oxidation takes place closer to the top section of the biofilter as the 

breakdown of organics is, thermodynamically, more favorable (Crites and 
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Tchobanoglous, 1998). Nitrifying bacteria are able to utilize the nitrogen present in the 

wastewater as a substrate source (Crites and Tchobanoglous, 1998).  

2.4.2.1. Non-Submerged Attached Growth Processes 

The most common type of non-submerged attached growth process is the trickling filter. 

Trickling filter use for treating wastewater can be traced back to the 1890s, and for many 

years trickling filters were the most common type of biological process for the centralized 

and onsite treatment of domestic wastewaters (Crites and Tchobanoglous, 1998). In the 

treatment process, the wastewater to be treated is distributed over the top of the filter 

chamber that has been filled with filter media. There are several technologies approved 

for use in Ontario including, but not limited to: the Orenco sand filtration system, the 

Waterloo Biofilter system which is a trickling biofilter containing a patented engineered 

medium, and the Ecoflo® Biofilter system which is a trickling biofilter containing a peat-

based medium (Ministry of Municipal Affairs and Housing, 2007). Typically, these 

treatment systems convey wastewater through a septic tank with an effluent filter 

followed by the biological treatment unit. For treatment in Ontario, in all cases the 

effluent from the unit must flow through a form of soil absorption bed. The size and 

design of these beds is dependent on the quality of the effluent and its classification as a 

secondary or tertiary effluent as stated in Table 2.2. Figure 2.4 below provides a 

schematic of a Waterloo Biofilter treatment system, which is one potential process 

technology in the non-submerged aerobic attached growth process category.  
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Figure 2.4: Schematic of Waterloo Biofilter buried concrete tank with pump disposal 

(Waterloo Biofilter Systems Inc., 2007)  

Figure 2.4 represents only one of several potential configurations possible with the 

Waterloo Biofilter with the entire system installed below ground. It is also possible to 

install the system above ground with the soil absorption system (area bed), located 

directly underneath the filter unit (Waterloo Biofilter Systems Inc., 2007).   

The design of the Waterloo Biofilter System depends on the expected flow through the 

system (for residential systems the design is based on the number of bedrooms), the soil 

characteristics, site characteristics (shape, treed lot, size of lot), jurisdiction where it will 

be installed, distance to the groundwater table and/or any surface water (Waterloo 

Biofilter Systems Inc., 2007). The sizing of the septic tank and biofilter are determined 

according to some standard configurations and guidelines. Hence, the complexity in the 

design comes from determining which area bed to install and which configuration will 

work best based on the site characteristics. 
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The Waterloo Biofilter was tested by a third party over the period 2001-2002. The 

purpose of the study was to confirm and report the long-term system performance and 

treatment efficiency of a Waterloo Biofilter system, which also enhanced its acceptance 

as a new innovative or improved environmental technology (NSF International, 2004b). 

A 13-month study of a 4 bedroom model of the Waterloo Biofilter designed to handle 

1660 litres per day was conducted at the Massachusetts Alternative Septic System Test 

Centre (MASSTC) (NSF International, 2004b). The system was operated under hydraulic 

load patterns simulating those of a normal household, as well as stress conditions (such as 

periods of high and low hydraulic loading). The testing profiles included start-up, 

verification and stress testing periods (NSF International, 2004b).    

The start-up period was considered to be the first 8 weeks of operation and provided the 

opportunity for a biofilm to develop on the media in the Waterloo Biofilter and for the 

biological system to acclimatize to the site-specific wastewater. The treatment load 

during the start-up period was expected be lower than during the normal treatment period 

after an acclimatized biofilm had been established in the system.  

After the 8-week start-up period, the verification period was initiated with a daily flow of 

1516 to 1678 L per day (averaged on a monthly basis) to the system (NSF International, 

2004b). The TSS, BOD5/CBOD5, and nitrogen results of the verification study are 

summarized in Tables 2.4 and 2.5 (NSF International, 2004b). The results shown include 

the sampling performed during the 13-month verification study and during the stress 

testing periods. The test results for the entire study show an average BOD5/CBOD5 

percent removal of 95% and a median percent removal of 96%. The test results for TSS 
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show an average TSS percent removal of 95% and a median percent removal of 97% 

(NSF International, 2004b).  

Table 2.4:  Waterloo Biofilter NSF 40 testing results - BOD5/CBOD5 and TSS Data 

summary (NSF International, 2004b) 

 BOD5 

Influent 

(mg/L) 

CBOD5 

Effluent 

(mg/L) 

Percent 

Removal 

TSS 

Influent 

(mg/L) 

TSS 

Effluent 

(mg/L) 

TSS 

Percent 

Removal 

Average 210 10 95 150 7 95 

Median  200 7.4 96 130 5 97 

Maximum 370 43 99 340 55 >99 

Minimum 67 1.0 71 61 <1 51 

Standard 

Deviation 
73 9.0 6.0 66 8 8 

The nitrogen results are presented in Table 2.5 and include all of the stress testing 

periods. It was assumed that the influent nitrate and nitrite (NO3-N and NO2-N) 

concentrations were negligible (NSF International, 2004b). The system averaged 90% 

ammonia (NH3-N) removal with a median removal of 97%. The average total nitrogen 

(TN) reduction was 62% for the test period with a median removal of 65% (NSF 

International, 2004b). 

These 13-month verification tests provided an extensive data set of information regarding 

the operation and performance of the Waterloo Biofilter system. The system performance 

was monitored during typical, as well as upset conditions. Upset conditions can include 

periods of increased flow through the system, extended periods of time with little to no 

use of the systems, or a failure of some aspect of the system as a result of a mechanical 

part failing or an electric short. The overall system response to upsets was shown to a 

recovery of performance within 2-4 weeks (NSF International, 2004b). This study 
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confirmed the classification as a Class 4 sewage wastewater treatment system with 

tertiary effluent quality (Table 2.2) as an accurate representation of the treatment capacity 

of the technology (NSF International, 2004b). The results also illustrate the importance of 

periodic system inspections since it was noted that during some test periods the treatment 

efficiency was adversely affected by operational issues. Once the inspection was 

completed and the system issues rectified, the system treatment efficiency was again 

improved and stabilized (NSF International, 2004b). 

Table 2.5:  Waterloo Biofilter NSF 40 testing results - nitrogen data summary  

(NSF International, 2004b) 

 
TKN 

(mg/L) 

Ammonia 

(mg/L) 

Total 

Nitrogen 

(mg/L) 

Nitrite 

(mg/L) 

Nitrite 

(mg/L) 
Temperature (

o
C) 

 

In
flu

en
t 

E
fflu

en
t 

In
flu

en
t 

E
fflu

en
t 

In
flu

en
t 

E
fflu

en
t 

E
fflu

en
t 

E
fflu

en
t 

In
flu

en
t 

Average 37 3.7 23 2.4 37 14 10 0.19 15 

Median 37 1.6 23 0.7 37 13 10 0.14 15 

Maximum 45 31 29 24 45 45 33 0.84 24 

Minimum 24 <0.5 18 <0.2 24 6.8 0.6 <0.05 5.2 

Standard 

Deviation 
4.1 5.5 2.4 4.0 4.2 6.0 5.0 0.20 5.9 

Note: The data in this table are based on 53 samples, except for temperature which is 

based on 51 samples 

2.4.2.2. Submerged Attached Aerobic Growth Processes 

Submerged attached growth processes are a more recent treatment development than 

trickling filters, and have been developed to enhance the removal of carbonaceous 

material and reduce the levels of nitrogen in the effluent stream (Crites and 

Tchobanoglous, 1998). Another name that has been used to describe this technology is a 
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moving bed biofilm reactor as it involves an engineered media suspended by aerator-

inducted turbulence (Crites and Tchobanoglous, 1998). The aeration increases the contact 

potential between the biofilm on the media and the wastewater constituents to be 

degraded. Aeration also increases the dissolved oxygen in the bulk liquid and, therefore, 

has the potential to increase oxygen content in the active zone within the biofilm for the 

oxidation of organics including nitrogen (Crites and Tchobanoglous, 1998). The 

wastewater flows into a septic system designed for the settling of solids and then flows in 

an up-flow direction from the bottom to the outlet tee. In some cases, the second chamber 

of the tank is fitted with an insert that guides the flow pattern in the tank. Otherwise a 

pump can be used to introduce the wastewater in the desired location. There are several 

technologies that utilize this process for the treatment of onsite wastewater, including a 

process known as the Fast® wastewater treatment system (Figure 2.5). It contains an 

aerated biofilter with a plastic engineered media and is an example of an attached-growth 

process (Ministry of Municipal Affairs and Housing, 2007). The treatment unit for the 

Fast® process can be in the form of an insert to the second chamber of a tank containing 

an aeration chamber filled with plastic engineered media followed by an effluent tee.  
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Figure 2.5:  Schematic of Fast® system installation (Bio-Microbics Incorporated, 2008) 

Submerged attached-growth processes utilize aeration for mechanical mixing as well as 

to improve the biological degradation potential within the biofilm, thereby utilizing the 

benefits of both biofilm and activated sludge processes. These benefits include a long 

solids retention time, which improves the treatment efficiency by improving the contact 

between the waste stream and the microorganisms, and by providing a longer retention 

time between the solids and microorganisms within the treatment system.  

The design of the MicroFast® septic products for onsite wastewater treatment is based on 

the expected flow through the systems. There are standard system designs for the 

treatment of 1864 to 34,095 L/d (Pinnacle Environmental Technologies Inc, 2008). There 

are also types of Fast® technologies that can be used to retrofit existing septic systems by 

installing components into the second chamber of an existing tank.  
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Third party performance testing of the MicroFast system was performed at the Mamquam 

Wastewater Technology Testing Facility (MWTFF) located at the Mamquam Wastewater 

Treatment Plant (WWTP), which serves the District of Squamish, British Columbia 

(ETV, 2003). The system tested was the RetroFast® 0.375 System which is inserted into 

the outlets of new or existing septic tanks and is designed to treat 1420 L/day. The testing 

took place over 12 months, including an 8-week start-up period to allow for the 

development of an acclimatized biological growth in the RetroFast® (ETV, 2003). The 

testing was much like that described for the Waterloo Biofilter third party testing, and 

included five test sequences designed to test the unit response to various loading 

conditions and power failures. The TSS and BOD5/CBOD5 results can be seen in Table 

2.6. The nitrogen results from the 12-month study are shown in Table 2.7. 

Table 2.6:  BOD5, CBOD5 and TSS summary data table Retrofast model 0.375 ETV 

Testing (ETV, 2003) 

 

BOD5 

Influent 

(mg/L) 

CBOD5 

Effluent 

(mg/L) 

Percent 

Removal 

Influent 

(mg/L) 

TSS 

Effluent 

(mg/L) 

Percent 

Removal 

Mean 150 12 91 180 28 84 

Median 150 12 92 170 24 88 

Maximum 210 28 98 440 170 98 

Minimum 65 2 79 110 3 14 

Standard 

Deviation 
30 5.9 4.4 56 25 15 

Note: Data in this table are based on 60 samples. 
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Table 2.7:  Nitrogen summary data table for Retrofast model 0.375 ETV Testing (ETV, 

2003) 

 
TKN 

(mg/L) 

Ammonia 

(mg/L) 

Total 

Nitrogen 

(mg/L) 

Nitrite 

(mg/L) 

Nitrite 

(mg/L) 
Temperature (

o
C) 
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E
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Average 39 11 28 5.9 39 19 8.0 0.46 12.8 

Median 36 6.2 28 3.4 36 18 9.1 0.46 14.5 

Maximum 64 44 42 30 64 44 18 1.2 20.2 

Minimum 28 1.7 19 0.15 28 6.4 0.06 0.04 4.90 

Standard 

Deviation 
9.0 10 3.9 7.0 9.0 7.5 5.0 0.31 4.75 

Note: The data in this table is based on 60 samples, except for nitrite and nitrate, which 

are based on 58 samples. 

The RetroFAST® effluent showed a mean CBOD5 value of 12 mg/L with a median of 12 

mg/L; the mean TSS in the effluent was 28 mg/L and the median TSS was 24 mg/L 

(ETV, 2003). The effluent had a mean TKN concentration of 11 mg/L and a median 

concentration of 6.2 mg/L, while the mean ammonia concentration in the effluent was 5.9 

mg/L and the median value was 3.4 mg/L (ETV, 2003). The mean as well as the median 

effluent nitrite concentration was 0.46 mg/L and the mean nitrate effluent concentration 

was 8.0 mg/L with a median of 9.1 mg/L (ETV, 2003).  

2.4.2.3. Hybrid Attached Aerobic Growth Processes 

The hybrid aerobic attached growth process is best described as a combination of the 

non-submerged and submerged aerobic attached growth processes, just as the name 

suggests. Some hybrid systems can involve several treatment processes in sequence 

including a combination of submerged and non-submerged processes. However, in this 

case only processes that involve both submerged and non-submerged units in the same 
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wastewater treatment stage will be discussed. One common hybrid system is known as a 

rotating biological contactor (RBC). This process was developed during the 1960s and 

involves cylindrical plastic disks mounted on a rod as shown in Figure 2.6. The disks are 

partially submerged from 40 to 80 percent in a tank, containing the wastewater to be 

treated, and rotated (Crites and Tchobanoglous, 1998). A biofilm forms on the disks, and 

as it slowly rotates out of the liquid it absorbs the oxygen required for treatment; in some 

cases additional aeration is provided in the tank (Crites and Tchobanoglous, 1998). When 

the disc is submerged the biofilm comes in contact with the wastewater and a portion of it 

is degraded by the microorganisms within the attached biofilm (Metcalf and Eddy, 2003). 

As the disk continues to rotate the biofilm becomes thicker and some sloughing of the 

biofilm can occur (Metcalf and Eddy, 2003). 
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Figure 2.6: Sketch of Rotating Biological Contactor (Crites and Tchobanoglous, 1998) 

An example of this process that is approved for use in Ontario is the Rotordisk 

Wastewater System. This RBC unit is a self contained tank divided into three 

compartments (Ministry of Municipal Affairs and Housing, 2007). The biological 

contactor is located in the second compartment with a primary and final chamber on 

either side. The effluent from the tank then flows from the chamber to a final stage of 

treatment consisting of either an absorption field or a single-pass sand filter (Ministry of 

Municipal Affairs and Housing, 2007). The model approved for use in Ontario is 

designed for daily design flows of up to 2000 L/day. The rotordisk actually consists of at 

least three packs of high density polyethylene disks having a total surface of 67 m
2
 

(Ministry of Municipal Affairs and Housing, 2007).  
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2.4.3. Aerobic Suspended Growth Processes 

The aerobic suspended growth process, also referred to as an activated sludge process, is 

the most commonly used process for biological treatment in centralized wastewater 

treatment plants. The term “activated” arises because the treatment involves an activated 

mass of microorganisms that are able to treat wastewater aerobically (Crites and 

Tchobanoglous, 1998). The key element of an activated sludge process is the mass of 

microorganisms maintained in suspension using an aeration system also designed to 

provide the oxygen content required for the biodegradation of the organic compounds and 

nutrients (Crites and Tchobanoglous, 1998). Typically, as seen in Figure 2.7, an activated 

sludge treatment plant involves a primary clarifier tank where physical solids separation 

takes place, followed by an aeration tank where the suspended growth of microorganisms 

is optimized, and then a secondary clarifier for the settling of the biomass formed in the 

aeration tank (Metcalf and Eddy, 2003). In municipal wastewater treatment activated 

sludge plants there is a recycling of the sludge from the secondary clarifier back to the 

aeration basin to ensure that the microorganisms are not entirely lost to waste sludge 

(Metcalf and Eddy, 2003). There are two potential process layouts for activated sludge 

reactors:  completely-mixed and plug-flow (Metcalf and Eddy, 2003). The two processes 

have very different layouts and mixing methods. Completely mixed activated sludge 

systems, as shown in Figure 2.7, have one large well mixed aeration basin, in which the 

characteristics of the suspended solids as well as the wastewater constituents are 

relatively similar at all locations in the reactor (Metcalf and Eddy, 2003).    
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Traditionally, activated sludge treatment has been used only in large-scale applications 

due to the associated high operating and potential maintenance requirements. However, in 

the last decades, several technologies have been developed for use in small onsite 

applications that require much less oversight in comparison to the traditional plants. The 

aerobic suspended growth processes for onsite applications can have various 

configurations, typically with the first stage of treatment involving the primary settling of 

solids in a septic tank. One example of a system approved for use in Ontario is the 

Norweco Singulair
®

 treatment system (Figure 2.9). This process system consists of a 

single tank with a baffled pretreatment chamber, followed by an aeration chamber and 

than a settling chamber equipped with a sludge return (Ministry of Municipal Affairs and 

Housing, 2007). The effluent then flows through an effluent filter to a pump chamber or a 

sand filter depending on the type of soil at the site. NSF International has certified the 

Norweco Singulair
®

 model 960 and states that it can produce an effluent quality having a 

BOD of 6 mg/L, TSS of 10 mg/L and TN less than or equal to 10 mg/L (Ministry of 

Municipal Affairs and Housing, 2007).    
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  Figure 2.9: Norweco Singulair

®
 Treatment System (Norwalk Wastewater Equipment  

Company, Inc, 2006) 

2.4.4. Constructed Wetlands and Aquatic Treatment Processes 

Wetlands and aquatic treatment systems utilize aquatic plants and animals to treat 

wastewater. Aquatic treatment is a broad category that covers a wide range of constructed 

wetlands, floating aquatic plants and related hybrid systems. Constructed wetlands can be 

designed to treat onsite wastewater, as well as for the final disposal stage of the treatment 

process. Constructed wetland design can either be free-water-surface flow or subsurface 

flow (Leonard and Swanson, 2001). For onsite systems, to ensure public safety, 

subsurface flow systems are generally the most appropriate design (Crites and 

Tchobanoglous, 1998). Subsurface flow constructed wetlands for onsite applications are 

usually designed using one of two methods: the Tennessee Valley Authority (TVA) 
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method or the plug-flow (USEPA) method (Crites and Tchobanoglous, 1998; Leonard 

and Swanson, 2001).  

The TVA method calculates the required cross-sectional area of the wetland cell using 

two different equations and then utilizes the larger computed area in the design of the 

system. One cross-sectional area (Acs) is calculated using the organic loading (Low) in kg 

BOD/d as shown in Equation (2.1): 

                                   (2.1) 

where, Loc is the organic loading criteria which is 4.1 m
2
 per day (Leonard and Swanson, 

2001).  

The other computation of cross-sectional area uses Darcy’s equation as seen in Equation 

(2.2): 

�
                          (2.2)  

where, Acs is the cross sectional area in m
2
, Q is the hydraulic load in m

3
/s, Ks is the 

hydraulic loading conductivity in m/s and S is the hydraulic slope in m/m (Leonard and 

Swanson, 2001). The hydraulic slope is calculated by taking the height difference 

between two points and dividing it by the distance between the two points. 

Once the cross-sectional area is determined, the length and width dimensions for the cell 

are found for a standard depth of 0.3-0.5 m, a range of depths that maximizes oxygen 

uptake for the aerobic microorganisms and vegetation root systems (Leonard and 

Swanson, 2001). 
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The surface area (As) for the TVA method is calculated using Equation (2.3) and employs 

a hydraulic loading (Lhc) parameter which is a constant of 0.032 m
2
/L/d in colder climates 

and when there is no area restrictions in place which could result from limitations in the 

land available for the constructed wetland (Leonard and Swanson, 2001):   

                 (2.3) 

where As is the surface area in m
2
, Lhc is the hydraulic loading m

2
/L/d and Q is daily flow 

in  L/day (Leonard and Swanson, 2001).  

The EPA method calculates the cross-sectional area directly using Equation (2.2). The 

surface area is computed assuming the flow is laminar and using plug-flow reaction 

kinetics. The organic loading to the system and the desired effluent BOD5 (Ce) are also 

required for this calculation which can be seen in Equation (2.4): 

� �

� �
                            (2.4) 

where, the Co is the initial BOD concentration in mg/L, KT is the reaction rate constant in 

days, D is the depth in metres, and n is the media porosity (Leonard and Swanson, 2001).  

Although these two methods can produce slightly different results, the total volumes and 

retention times are very similar for residential onsite designs (Leonard and Swanson, 

2001).  

One example of a proprietary wetland system is the Aqua wetland system by Aqua 

Treatment Technologies (Aqua Treatment Technologies, 2008). These systems are 

designed for both summer and winter conditions, and there are numerous examples of 
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systems operating in Ontario with daily flows of 3,000 L/day to 400,000 L/day (Brand, 

2007). The Aqua wetland system, utilizes a subsurface flow constructed wetland with 

three vertical flow cells in series, each of which is lined with an impermeable liner. A 

cross-sectional view of a typical subsurface flow constructed wetland is illustrated in 

Figure 2.10. 

 
Figure 2.10:   Schematic of cross section of subsurface flow wetland (Rozema, 2001) 

The performance of 5 sets of 2-cell subsurface vertical flow constructed wetland was 

investigated in a 12-month study by Rozema (2001). Each set of cells had a different type 

of vegetation known as a root media, but it was determined that the type of vegetation did 

not affect the BOD5 removal (Rozema, 2001). As well, each of the 5 sets consistently met 

MOE discharge requirements (less than 25 mg/L) for BOD5 throughout the year. The 12 

month average BOD5 concentration from all sets with plants was below 2.36 mg/L 

(Rozema, 2001). All of the sets were also within MOE discharge requirements (less than 

25 mg/L) for suspended solids with effluent concentrations ranging from 1.53 to 14.80 

mg/L (Rozema, 2001). The treatment effectiveness was not largely impacted by season 
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influences with effluent well below MOE discharge requirements (less than 20 mg/L in 

winter and less than 10 mg/L in summer) for ammonium (Rozema, 2001). Only one set of 

data was able to meet the MOE discharge requirements (less than 1mg/L) for total 

phosphorus year-round with a 12 month mean effluent concentration of 0.23 mg/L 

(Rozema, 2001). Overall, the use of constructed wetlands for treatment of onsite 

wastewater is possible, but each installation requires a detailed site investigation and 

system design which could increase the complexity of the installation process as well as 

the cost of the system.  

2.4.5. Filtration Processes 

Filtration processes are characterized as physical processes through which the removal of 

suspended solids and other pollutants including organic matter from wastewater is 

achieved.  

2.4.5.1. Effluent Filters 

In septic systems, it is important that the solids be retained in the septic tank and not 

overflow to the soil-based downstream treatment. A large amount of solids discharged to 

the soil absorption field could lead to clogging and a reduction in the ability of the soil 

absorption field to treat and disperse the normal liquid flow. If this problem persists over 

an extended period of time, the drainage field could need to be replaced (NSF 

International, 2004c). Effluent filters for septic tanks are a relatively inexpensive means 

of preventing solids discharge. They are usually installed in the outlet tee of the septic 

tank and prevent solids from being discharged from the tank. As a result, some of the 

solids will accumulate on the filter which can cause poor performance of the septic tank 
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over the long term if the effluent filter is not backwashed, inspected and maintained 

regularly (NSF International, 2004c). Figure 2.11 illustrates an effluent filter installed in 

the effluent tee of a septic tank. 

 
Figure 2.11:  Schematic of effluent filter (Arrow Septic and Sewer, 2007) 

Within many jurisdictions, an effluent filter is mandatory, including in Ontario where 

effluent filters must be certified in accordance with NSF/ANSI Standard 46 which 

evaluates components and devices used in wastewater treatment systems (Ministry of 

Municipal Affairs and Housing, 2007).  
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2.4.5.2. Single Pass Sand Filtration 

The use of single pass sand filters for the treatment of domestic wastewaters in individual 

homes has been employed for over 100 years (Crites and Tchobanoglous, 1998). An 

Intermittent Sand Filter (ISF) treats the effluent from the septic tank as it flows out of the 

tank. It is an intermittent form of treatment, since effluent flows in plugs of treated 

wastewater out of the tank as it is displaced with influent entering the tank. An ISF is 

typically installed when the native soil onsite is not appropriate for a soil-based 

absorption bed. For example in Ontario when the native soil percolation rate is between 

50 and 125 min/cm, a single pass sand filter is stipulated under the Ontario Building 

Code (Ministry of Municipal Affairs and Housing, 2007). There are a number of 

approved ISF treatment systems in the Ontario Building Code, including the Norweco 

Singulair
®

 treatment system. A plan and cross-sectional view of a modern ISF is shown 

in Figures 2.12 and 2.13. 

 



 

 

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

of 44.98 m

 

 

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

of 44.98 m

Figure 2.

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

of 44.98 m

Figure 2.

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

of 44.98 m

Figure 2.

Figure 2.

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

of 44.98 m

Figure 2.

Figure 2.

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

of 44.98 m

Figure 2.

Figure 2.

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

of 44.98 m

Figure 2.

Figure 2.

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

of 44.98 m

Figure 2.

Figure 2.

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

of 44.98 m

Figure 2.

Figure 2.

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

of 44.98 m

Figure 2.

Figure 2.13

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

of 44.98 m

Figure 2.

13

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

of 44.98 m
2

Figure 2.

13

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

2
 

Figure 2.12

13: S

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

 for a 

12

: S

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

for a 

12: Plan view of schematic of modern intermittent sand filter 

: Schematic of m

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

for a 

: Plan view of schematic of modern intermittent sand filter 

chematic of m

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

for a 

: Plan view of schematic of modern intermittent sand filter 

chematic of m

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

for a 

: Plan view of schematic of modern intermittent sand filter 

chematic of m

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

for a sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

chematic of m

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filt

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

chematic of m

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

to 1100 L, a sand filter bed area of 23.79 m

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

chematic of m

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

chematic of m

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

chematic of m

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

chematic of m

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

chematic of m

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

chematic of m

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

chematic of m

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

chematic of modern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

Tchobanoglous

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

Tchobanoglous

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

Tchobanoglous

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

Tchobanoglous

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

Tchobanoglous

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

Tchobanoglous

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

sewage flow of 2000

: Plan view of schematic of modern intermittent sand filter 

Tchobanoglous

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

sewage flow of 2000 

: Plan view of schematic of modern intermittent sand filter 

Tchobanoglous

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

 L

: Plan view of schematic of modern intermittent sand filter 

Tchobanoglous

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

L 

53

: Plan view of schematic of modern intermittent sand filter 

Tchobanoglous

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m

 (Ministry of Municipal Affairs and Housing, 

53

: Plan view of schematic of modern intermittent sand filter 

Tchobanoglous

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

er bed area of 23.79 m
2

(Ministry of Municipal Affairs and Housing, 

53 

: Plan view of schematic of modern intermittent sand filter 

Tchobanoglous

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

2
 

(Ministry of Municipal Affairs and Housing, 

 

: Plan view of schematic of modern intermittent sand filter 

Tchobanoglous

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

 would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

Tchobanoglous

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

Tchobanoglous, 1998)

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

, 1998)

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

, 1998)

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

, 1998)

odern intermittent sand

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

, 1998)

odern intermittent sand 

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

, 1998)

 (Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

, 1998)

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

, 1998) 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

: Plan view of schematic of modern intermittent sand filter (

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

(Crites and 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

Crites and 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

Crites and 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

Crites and 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

Crites and 

Crites and Tchobanoglous

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

Crites and 

Crites and Tchobanoglous, 1998)

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

Crites and 

, 1998)

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

Crites and 

, 1998)

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

Crites and 

, 1998)

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

Crites and 

, 1998)

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

Crites and 

, 1998)

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

 

, 1998)

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

 

 
, 1998) 

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

 
 

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 

The design of a low load ISF developed by Orenco is based on the expected sewage flow 

per day, which affects the required sand filter area. For a daily design sewage flow of up 

would be required, compared to a bed area 

(Ministry of Municipal Affairs and Housing, 



 

54 

 

2007). As can be seen from Figure 13, additional components of the sand filter include a 

PVC liner, an under-drain pipe, distribution manifold and layers of rock, filter sand, and 

pea gravel (Crites and Tchobanoglous, 1998).  

ISFs are known to produce high quality effluents that are low in BOD, TSS, turbidity and 

ammonia concentrations (Crites and Tchobanoglous, 1998). Typical effluent 

concentrations from single-pass ISF employed in single-family domestic wastewater 

treatment are less than 5 mg/L and 10 mg/L for BOD and TSS, respectively (USEPA, 

2008). Effluent is nearly completely nitrified but some variability has been reported in 

nitrogen removal capability. Controlled studies have generally noted nitrogen removals of 

18 to 33 percent with intermittent single pass filters (USEPA, 2008). The concentration of 

suspended solids in the effluent is typically low and the solids present are usually 

digested within the media over time (USEPA, 2008).  

2.4.5.3. Membrane Bioreactor Reactor 

Membrane treatment technologies have been in use in large-scale commercial, municipal 

and industrial applications in Canada for the past several decades, but to date no 

processes have been approved for use in onsite systems. Membrane bioreactors can be 

coupled with activated sludge processes in a submerged membrane filtration unit as seen 

in Figure 2.14. However, this technology is currently employed for the treatment of 

onsite wastewater in other countries including Germany and Japan (Ouellet, 2007). 

Membrane technologies tend to have high operational and maintenance requirements, as 

well as high capital costs.  
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Figure 2.15:  MicroClear™ MBR (Filtrer Innovations Inc.) 

The MicroClear™ membrane bioreactor module can reportedly achieve high effluent 

discharge qualities of less than 5 mg/L of TSS, less than 5 mg/L of BOD5, and less than 

15 mg/L of COD (Filtrer Innovations Inc.). In the next decade, membrane technologies 

could become more common in onsite wastewater treatment systems, as the improved 

treatment efficiency also could allow for direct disposal rather than through a soil-based 

disposal units, thereby potentially reducing the land area requirement for onsite systems 

significantly.  
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2.4.6. Soil-Based Treatment and Effluent Disposal for Onsite Systems 

Effluent disposal for onsite wastewater treatment systems are often combined with the 

final stage in the treatment of the wastewater through a soil-based dispersal system. The 

site characteristics are critical in the choice of the most appropriate disposal method to 

ensure protection to the environment and human health. If the native soil characteristics 

are not appropriate for soil-based treatment, it is possible to import soil to the site that has 

characteristics to create a soil-based dispersal system either at the surface of the native 

soil or by replacing the native soil. In other cases, alternatives for effluent disposal 

including a single pass sand filter can be used if it is not possible to use a soil-based 

disposal method.    

The fundamental processes of soil-based treatment systems remain fairly consistent 

between the different types of installations. However, the design and appearance of the 

soil-based treatment systems can depend greatly on the type of soil absorption system 

installed. There are a number of different soil-based treatment systems including gravity 

flow leach fields, shallow buried trenches and area beds. 

2.4.6.1. Gravity Leach Fields   

The most common type of soil disposal is the gravity flow leach field which works best 

on sites where the groundwater table could not possibly come in contact with any portion 

of the leach field and the soil is relatively permeable (a soil percolation of between 1 and 

125 cm/min) (Ministry of Municipal Affairs and Housing, 2007; Crites and 

Tchobanoglous, 1998). Gravity-flow leach fields are the typical disposal mechanism for 

conventional septic systems. The five main components of a leaching bed (also known as 
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absorption trenches) are shown in Figure 2.16: backfill and topsoil, geotextile fabric, 

distribution pipe, clear stone, and receiving soil.  

 
Figure 2.16:  Gravity leach field (Crites and Tchobanoglous, 1998) 

Each component in the leaching bed has a specific role in the treatment and disposal of 

the septic tank effluent. The backfill and topsoil is a permeable material that provides 

separation between the effluent and the ground surface, allows the movement of oxygen 

into the trenches from the atmosphere, and the movement of water upwards via capillary 

forces (Passmore, 2004). The geotextile fabric prevents the soil from moving into the 

stone layer, while distribution pipes distribute the effluent to the absorption field. Clear 

stones are washed stones that support the trench so that the sidewalls will not collapse. 

The clear stones also assist in the distribution of the effluent and provide a surface on 

which the biofilm can attach for additional treatment of the effluent (Passmore, 2004). 

Finally, the receiving soil is a media that allows for biofilm growth and provides effluent 

polishing and a final method to disperse the treated effluent.  
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The design of all soil-based treatment systems requires an onsite percolation test which 

provides an indication of the infiltration rate of the native soil in cm/min. Additional site 

requirements for a leaching field include: a slope less than 1 unit vertically by 4 units 

horizontally and protected from soil compaction (i.e., a driveway or area where heavy 

items are placed on the surface of the field) as this could reduce the effectiveness of the 

bed over time (Ministry of Municipal Affairs and Housing, 2007).  

The design of traditional leaching beds depends on the effluent quality to be fed to the 

bed and therefore the type of treatment unit upstream. For conventional septic systems 

with a septic tank as the only treatment upstream, the design of the distribution pipe 

should follow Equation (2.5): 

             (2.5) 

where L is total length of distribution pipe (m), Q is the total design sewage flow (L/d), 

and T is the design percolation rate (min/cm) (Ministry of Municipal Affairs and 

Housing, 2007). 
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When treatment units other than septic tanks are employed and the system meets the 

requirements for tertiary effluent as stated in Table 2.2, the design of the distribution 

pipes must be according to Equation (2.6): 

              (2.6) 

where L is total length of distribution pipe (m), Q is the total design sewage flow (L/d), 

and T is the design percolation rate (min/cm) (Ministry of Municipal Affairs and 

Housing, 2007). 

The design of the absorption trenches cannot be longer than 30 m, between 50 and 100 

cm wide, with a depth of between 30 and 90 cm.  

2.4.6.2.  Shallow Buried Trenches 

Shallow buried pressurized trenches and area beds usually require a smaller footprint than 

traditional leaching fields because their installation is only permitted when the effluent 

quality meets more stringent criteria. The higher quality of effluent results in lower 

concentrations of contaminants that must be treated within the soil. Shallow buried 

trenches consist of a plastic chamber (30 cm in diameter) buried in a 60 cm deep trench in 

which the effluent from the septic tank sprays upwards by means of a small diameter (25 

mm) pipe with a number of orifices along its length as seen in Figure 2.17 (Joy et al., 

2001).   
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Figure 2.17: Shallow buried trench (Waterloo Biofilter Systems Inc., 2007) 

As shown in Table 2.8, the design length of the shallow buried trenches varies with the 

percolation time through the soil. 

Table 2.8:  Ontario Building Code Shallow Buried Trench Length (Ministry of Municipal 

Affairs and Housing, 2007) 

Percolation Time, T of soil, min/cm Trench Length, m 

1 < T ≤ 20 Q/75 

20 < T ≤ 50 Q/50 

50 < T < 125 Q/30 

In Table 2.8, Q is the total daily design sanitary sewage flow (L), and T is the design 

percolation time (min/cm) (Ministry of Municipal Affairs and Housing, 2007). 

Shallow buried trenches have many advantages over conventional leaching beds, 

including the lower cost associated with lower excavation and gravel requirements, 

increased biological activity and evapo-transpiration since the system is closer to the 

ground surface, as well as the decreased system footprint. For these reasons, it is possible 
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to locate the trenches where a traditional leach field could not be located (Joy et al., 

2001). 

2.4.6.3. Area Bed 

An area bed is a type of soil absorption system used in conjunction with a sewage 

treatment unit that, in Ontario, meets the tertiary effluent quality as listed in Table 2.2. 

There are two types of area bed soil absorption field configurations: a pipe flow area bed 

and a gravity flow area bed (Figures 2.18 and 2.19). The gravity flow area bed is used in 

applications when the treatment unit can be installed above ground such as with the 

Waterloo Biofilter treatment unit, while the piped system is utilized when the area bed is 

not placed directly underneath the treatment unit.  

 
Figure 2.18:  Piped area bed (Waterloo Biofilter Systems Inc., 2007) 
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Figure 2.19:  Gravity flow area bed (Waterloo Biofilter Systems Inc., 2007) 

The area bed in both cases consists of a layer of stone followed by a layer of sand that is 

obtained off-site. One approved area bed design has been developed by the designers of 

the Waterloo Biofilter (Waterloo Biofilter Systems Inc., 2007). The depth of the stone 

and sand layers is calculated knowing the inlet flow to the system and the percolation rate 

of the native soil on the site. The minimum depth of the stone layer is 25 cm and the 

stones must be either 1.9 cm clear aggregates, free of fine material or 1.9-5.3 cm clean 

gravel (Waterloo Biofilter Systems Inc., 2007). The minimum depth of the sand layer is 

25.0 cm with a percolation time ranging between 6-10 min/cm and it must contain less 

than 5% silt and clay (Waterloo Biofilter Systems Inc., 2007). One advantage of the 

Waterloo Biofilter is that it can be installed above ground which allows systems to be 

implemented where typical septic systems have traditionally not been located. The 

determination of the appropriate area bed configuration to be employed at a site depends 

upon the site characteristics and any footprint restrictions, as these will determine 

whether an above or below ground system is most appropriate.  
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For an area bed, the footprint is calculated knowing the inlet flowrate (Q) in L/d to the 

system, percolation time (T) of the native soil in cm/min  and using the guidelines set out 

by the Building Materials Evaluation Commission as presented in Table 2.9. 

Table 2.9:  Design parameters of Waterloo Biofilter area bed (Building Materials 

Evaluation Commission, 2001; Waterloo Biofilter Systems Inc., 2007) 

Inlet Flow (Q) Area of Stone Layer in m
2
 Area of Sand Layer in m

2
 

Q ≤ 3000L/d Q/75 QT/850 

Q > 3000 L/d Q/50 QT/850 

The depth of the layers depends on the results of the percolation tests. If the soil has a 

percolation rate of less than 6 min/cm, then 60.0 cm of sand is required otherwise 30.0 

cm can be used (Building Materials Evaluation Commission, 2001). Area beds require a 

minimum of 15 m of 25.0 cm deep layer of native soil, known as the mantle, in the 

direction of the flow.  

2.4.6.4. Small Communal Wastewater Treatment Plants 

Increasingly, the development of small clustered communities is taking place in areas 

where there is currently no centralized wastewater treatment. These developments 

typically have individual plot sizes that are smaller than would traditionally have been the 

case in rural areas and, for this reason, conventional onsite wastewater treatment 

technologies are not always appropriate to ensure an adequately treated effluent. 

Additionally, other site restrictions could also be present such as non-ideal soil 

conditions, sloping sites, or high water tables. These factors along with other social, 

political, environmental and economic factors can lead to the implementation of 

communal treatment systems rather than individual wastewater treatment systems. 
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Communal systems, in some cases, can involve the pretreatment of the sewage in a septic 

tank before it is conveyed through an underground pipe network to a pumping station or 

directly to a sewage treatment plant (USEPA, 2000). An example of a technology that 

involves pretreatment in a septic tank is the small diameter gravity sewer (SDGS). SDGS 

incorporates a septic tank followed by a small bore sewer system to transport the 

pretreated effluent to a downstream treatment facility as shown in Figure 2.20 (USEPA, 

2000).  

 
Figure 2.20:  Small Diameter Gravity Sewer (USEPA, 2000) 

The purpose of the septic tank for pre-treatment is the removal of most of the suspended 

solids before the wastewater enters the sewer system. This is important to reduce the 

occurrence of clogging in the sewer system (USEPA, 2000). Removal of the majority of 

solids allows for smaller diameter piping. There are access points that are called 

cleanouts which are used to provide access for flushing rather than manholes which are 



 

66 

 

very rarely used. As a result of the small diameters and increased flexibility in the slope 

and alignment of the SDGS, the excavation depths and volumes required can be much 

smaller than for conventional sewer systems (USEPA, 2000).  

The design of these systems is generally based on actual flow data, but when this is not 

available the peak flows can be estimated. Using the Hazen-William (Crites and 

Tchobanoglous, 1998) or Manning equations (Crites and Tchobanoglous, 1998), the 

piping size and system slope can then be verified to ensure that they can handle peak 

design flows (USEPA, 2000). “Pipe diameters for SDGS are 8 cm or more with a 

minimum recommended pipe diameter of 10.16 cm. SDGS systems do not need to meet  

minimum velocity requirements because solids settling is not a design parameter as in 

traditional sewer systems. The depth of the piping is typically 60 to 75 cm unless more 

depth is required to prevent damage from anticipated earth and truck loadings and 

freezing” (USEPA, 2000).  

The design of the septic tanks is typically based on local building code requirements. 

Downstream treatment can include stabilization ponds, subsurface infiltration, or a 

wastewater treatment plant. Ideally, the pre-treatment provided by septic tanks should 

result in the removal of a portion of the BOD5, suspended solids, grit and grease. The 

wastewater reaching the downstream treatment plant will then usually be more diluted 

than conventional raw sewage, which can lead to a smaller treatment unit required 

(USEPA, 2000). Alternative collection systems can be an option for locations with small 

lot sizes, poor soil conditions, or other site-related limitations making onsite wastewater 

treatment options inappropriate or too costly. 
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2.5. Conclusion 

The use of a conventional septic tank with a soil absorption field has been the most 

popular onsite wastewater treatment method for the larger portion of the past century. For 

systems that are properly sited, sized, constructed and maintained, a septic tank combined 

with a soil absorption field has proven to be an efficient and cost effective approach to 

onsite wastewater treatment and disposal. However, in recent decades, due to a number of 

factors including more stringent regulations and management programs to protect public 

health and sensitive natural areas, innovative treatment processes and processes 

previously utilized in larger centralized treatment facilities have been applied for onsite 

wastewater treatment. These treatment processes can still incorporate some aspects of a 

conventional treatment process with additional enhancements such as aeration or support 

media for the attachment of microorganisms to enhance wastewater treatment. These 

treatment units usually incorporate septic tanks as a means of pre-treatment for separating 

solids content.   
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CHAPTER 3.  REVIEW OF DOMESTIC ONSITE WASTEWATER 

SLUDGE CHARACTERISTICS AND ACCUMULATION 

3.1. Preface to Chapter 3.0 

As previously discussed in Chapter 2, the operation and maintenance of onsite septic 

tanks or primary clarifier tanks traditionally involves only the intermittent pump out of 

accumulated solids. This chapter provides a review of previous studies and reports that 

have attempted to determine the solids accumulation rate within septic tanks. 

Methodologies used in the studies, including sampling techniques, solids characterization 

and analyses performed, are discussed in as much detail as available.  
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Abstract 

Within conventional septic systems, settling and partial treatment through anaerobic 

digestion occurs in the septic tank, followed by further treatment by percolation through 

soil provided via absorption, filtration and ion-exchange processes. One of the by-

products of the separation of the solids in the septic tank is the semi-liquid material, 

known as septage, that must be pumped occasionally from the septic tank. There are a 

number of factors that influence septage characteristics including the rate at which the 

sludge and scum accumulate within the tank. This paper presents a review of the 

processes involved in the separation and digestion of solids within septic tanks, as well as 

the approaches, rationale and results of previous studies. Key system parameters are 

discussed in detail, particularly those suspected to limit digestibility within the settled 

sludge.  

Keywords: Decentralized Wastewater Treatment, Onsite, Septic Tanks, Anaerobic 

Digestion, Domestic Wastewater, Sludge Accumulation, Scum, Solids, Septage Pump out 

period, Sludge Characteristic, Septage Management 
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3.2. Background/Introduction 

A sizeable portion of the population of most countries relies on onsite wastewater 

treatment also known as decentralized wastewater treatment and disposal. Approximately 

15% of Ontarians and 25% of the population in the United States rely on onsite 

wastewater treatment systems (Dawes and Goonetilleke, 2003; OOWA, 2004). Although 

the most primitive methods of onsite treatment is considered to be cesspools and pit 

privies, in the past century and a half most onsite wastewater treatment systems have 

traditionally used a combination of a septic tank and a soil absorption field to treat 

domestic wastewater (Joy et al., 2001; Hu and Gagnon, 2006). Within a conventional 

septic system, settling and partial treatment through anaerobic digestion occur in the 

septic tank followed by further treatment by percolation through the soil which provides 

absorption, filtration and ion-exchange (Talbot et al., 1996). One of the by-products of 

the separation of the solids in the septic tank is the semi-liquid fraction, also known as 

septage that must be pumped occasionally from the septic tank. Septage is defined as the 

liquid and solid material pumped from a septic tank, cesspool, or other primary treatment 

source and can be characterized as being composed of large amounts of grit, oil, grease, 

solids, and organic material (Crites and Tchobanoglous, 1998; USEPA, 1999a). Septage 

includes not only that which settles on the bottom of the tank, but also the scum that 

accumulates on the surface, as well as the liquid between the scum and settled solids. 

According to the U.S. Department of Commerce, Census Bureau, it was estimated that in 

1990 the number of housing units with septic tanks or cesspools in the U.S. was 24.6 

million and approximately 5.5 billion gallons of septage were being generated each year 

(USEPA, 1999a). Knowing that in the United States alone such a large volume of septage 
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is generated, it is critical that the processes currently involved in the treatment and 

disposal of this waste stream be optimized to ensure that environmental health and safety 

are maintained. This review discusses the mechanisms involved in the digestion 

processes within the septic tank. In addition, a review of previous sludge accumulation 

studies was undertaken to examine the results of these studies. As well as to determine 

potential parameters that could be monitored more closely to potentially optimize the 

scum and sludge accumulation rate and/or the pump-out period of septage throughout the 

operational lifespan of the onsite wastewater treatment system. 

3.2.1. Septage Management and Disposal 

The handling and management of septage from septic tanks is essential to protect human 

health and enhance environmental safety, as it is a host for many disease-causing viruses, 

bacteria, and parasites (USEPA, 1999b). Once the septage is pumped from the septic 

tank, typically by sludge haulers, the treatment or further management of the septage is 

dependent on local jurisdiction. Typically, some form of septage management plan is in 

place to establish procedures and rules for the handling and disposable of septage that is 

affordable and that will protect public health and ecological resources (USEPA, 2002). 

Septage management programs typically include tracking systems to identify acceptable 

septage sources, pumpers, transport equipment, final destination and treatment (USEPA, 

2002). In addition, management programs can include procedures for minimizing human 

exposure to septage including vector control, wet weather runoff and access to disposal 

sites (USEPA, 2002). 
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Once septage has been pumped, there are typically three categories of disposal. These 

will be discussed further in the following sections; land application, treatment at a 

wastewater treatment plant, or treatment at a special septage treatment plant (USEPA, 

2002). 

3.2.2. Land Application 

Land application is the most common type of septage disposal in the United States 

because of its low cost, minimal use of energy and the recycling of organic material and 

nutrients back into the land (USEPA, 2002). There are various options for land 

application including: spreading by hauler truck or farm equipment, spray irrigation, 

ridge and furrow irrigation, subsurface incorporation of septage, and the co-disposal of 

septage in sanitary landfills (USEPA, 2002).  

In order to prevent harmful effects to public health and the environment, the application 

of septage to land must be undertaken carefully ensuring that the topography, soils, 

drainage patterns, and type of agriculture crop of the application area are well known 

(USEPA, 2002). For example, the application of septage to agricultural land must only be 

used for crops not targeted for human consumption to protect public health (USEPA, 

2002).  

Septage can be spread by hauler or farm equipment after pumping of the septage from the 

tanks. The septage is transported by truck to the application site and directly applied to 

the soil. Alternatively, if this is not practical at that time, it can be transferred to a wagon 

spreader or stored for spreading at a later time (Seabloom et al., 2004). Septage spread by 

spray irrigation is pumped through nozzles at a high pressure directly into a soil 
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(Seabloom et al., 2004). One concern with this method is the potential spraying in the air 

rather than directly into the ground, leading to the release of air borne water droplets, 

which can be a health and safety concern (USEPA, 2002). Another method of septage 

disposal known as ridge and furrow refers to septage that is directly applied to level land 

with planted crops in rows or furrows (Seabloom et al., 2004).  

A number of methods involve subsurface disposal. In plow and furrow applications, a 

plow makes narrow furrows typically 15 to 20 centimetres deep (Seabloom et al., 2004). 

The septage is then placed in the furrows and covered (Seabloom et al., 2004). Another 

similar method is termed subsurface injection which involves making a cavity 10 to 20 

centimetres deep, injecting the septage into the cavity and covering (Seabloom et al., 

2004). Finally, land application of sludge can also involve the spreading of septage 

directly into a landfill and then covering to minimize odours (USEPA, 2002).       

3.2.3. Wastewater Treatment Plant  

Disposal of septage at a wastewater treatment plant is another option. It can be 

convenient option for septage disposal if an existing treatment plant has additional 

capacity to handle the septage which tends to be more concentrated than the typical 

municipal wastewater influent (Seabloom et al., 2004). The septage can be introduced to 

the plant at several different locations depending on the system including: introduction at 

upstream manholes, headworks of the treatment plant, or sludge handling processes 

already in place (Seabloom et al., 2004). For pumped septage introduced at an upstream 

manhole, the septage is fed into a manhole access and incorporated into the treatment 

process as if it was typical influent (Seabloom et al., 2004). For septage added to the 
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treatment plant headworks, it is pumped into the treatment plant using a grinder-type 

transfer pump and processed with the wastewater influent. Finally, for sludge managed 

via existing sludge handling processes at the treatment plant, the septage is fed to the 

processor rather than the headworks. Sludge handling plants can vary in complexity 

ranging from simple lagoons to complex mechanical and/or chemical processes. Complex 

sludge handling processes can include lime stabilization, chlorine, aerobic and anaerobic 

digestion, composting and dewatering using pressure or vacuum filtration or 

centrifugation (USEPA, 2002). This is the most complicated and expensive option for 

sludge handling and should only be undertaken if the other options are not possible 

(USEPA, 2002).  

3.2.4. Specialized Anaerobic Sludge Treatment Processes 

Anaerobic sludge digestion processes for larger centralized municipal plants can vary 

greatly depending on the layout of the sludge digester. The three typical digesters 

include; a) conventional standard-rate single-stage process, b) single stage high-rate 

complete mix and c) two stage high rate complete mix and are illustrated in Figure 3.1. 

The main difference between a conventional standard rate digester and a high rate 

digester is the type of mixing and the operating temperature of the reactor. In 

conventional standard rate digesters, the reactor is unmixed and unheated and requires a 

typical sludge retention time of 30 to 60 days (Metcalf and Eddy, 2003). In high rate 

reactors, the digestion taken place in a mixed and heated reactor resulting in a decrease in 

required retention time, typically less than 15 days (Metcalf and Eddy, 2003). Finally, the 
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two-stage process generally involves a combination of standard rate and high rate 

processes.     

In the past, the deterrent in using anaerobic sludge digestion processes in comparison to 

aerobic has been the long detention time required for digestion as a result of the slow 

growth rate of methanogenic bacteria (Metcalf and Eddy, 2003). However, the advantage 

of the slow growth rate associated with anaerobic sludge digestion is a lower sludge yield 

as a result of lower number of new cells being synthesized from the organic matter 

(Metcalf and Eddy, 2003). Anaerobic digestion processes will be discussed in further 

detail in the following sections. 
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Figure 3.1: Schematic of typical anaerobic digesters (Metcalf and Eddy, 1991) 

3.3. Decentralized Wastewater and Sludge Treatment in Septic Tanks 

The initial step in the treatment of wastewater in the majority of onsite wastewater 

treatment systems is through the septic tank. In the 1860s, the first septic tank was 

introduced in France and was quickly patented and copied throughout the world (Metcalf 
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and Eddy, 1991). Figure 3.2 illustrates this tank and when compared to more recent septic 

tank schematics such as the one shown in Figure 3.3, it is evident that it closely resembles 

the septic tanks being installed today.   

 
  Figure 3.2:  Schematic of first septic tank (Metcalf and Eddy, 1991) 
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Figure 3.3:  Schematic two chamber septic tank (U.S. Inspect, 2006) 

The Canadian Standards Association (CSA) and the USEPA have broad guidelines, but it 

is generally the responsibility of each Province and State Agency to mandate the design 

and construction standards for septic tanks. The CSA’s guidelines for pre-fabricated and 

sewage holding tanks does not explicitly state that the septic tank must be divided in 

compartments (Lossing, 2001). Provincial and state regulations vary immensely in the 

details provided, and many aspects of design and construction, including the number of 

compartments, are not explicitly stated in all provincial regulations. In reviewing 

Canadian provincial regulations for each of the 10 provinces and 10 randomly selected 

US states (Alaska, Colorado, Connecticut, Idaho, Maine, Minnesota, Rhode Island, 

Texas, Utah, and Wyoming), four provinces (Manitoba, Ontario, Saskatchewan and 

Quebec) were found to require two compartments at all installations and one province 

(Prince Edward Island) to require two compartments for tanks larger than 4090 L 
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(Lossing, 2001). The remaining provincial regulations did not explicitly state the number 

of compartments for septic tanks. From the regulations reviewed from the 10 randomly 

selected US states, only three specified two compartment tanks (Alaska, Colorado, and 

Texas) (Lossing, 2001).    

Although the majority of the solids should settle in the first chamber, the presence of the 

second chamber acts as an additional buffer or barrier to prevent washout of the solids 

during high hydraulic loading situations. In several of the more advanced wastewater 

treatment technologies, septic tanks can contain three or more chambers that are 

effectively used to house and perform additional treatment when more advanced onsite 

wastewater treatment systems are installed within the septic taken such as an attached 

growth process. 

Within the septic tank, solids settling and digestion take place along with the treatment of 

the liquid portion that flows through the tank. Table 3.1 lists typical values of inlet and 

outlet characteristics of wastewater flowing through a septic tank. The range in values 

result from fluctuations in the wastewater characteristics based on many factors 

including, but not limited to: lifestyle, number of people per residence, and as water 

usage. The effluent from the septic tank then flows through a pump chamber or 

distribution box or directly to the next stage in the treatment process.  

 

 

 



 

84 

 

Table 3.1: Septic tank influent and effluent characteristics (Metcalf and Eddy, 1991) 

Parameter Units Influent SepticTank Effluent 

BOD mg/L 210-530 140-200 

SS mg/L 237-600 50-90 

Total Nitrogen mg/L 35-80 25-60 

NH4
+
 mg/L 7-40 20-60 

NO3
-
 mg/L <1 <1 

Total Phosphorous mg/L 10-27 10-30 

Fecal Coliform MPN/100 mL 10
6
-10

10
 10

3
-10

6
 

Viruses PFU/mL Unknown 10
5
-10

7
 

3.4. Wastewater Treatment within Septic Tanks 

The processes occurring in septic tanks are often believed to be simple. however, in 

reality, these systems are truly complex processing units that involve treatment of 

wastewater through a number of physical, chemical and biological processes, which act 

together to treat the wastewater, as well as the scum and sludge accumulated within the 

tank. The treatment within septic systems is primarily accomplished through physical and 

biological processes. These are elaborated further in the following sections.  

3.4.1. Physical Wastewater Treatment 

Physical wastewater treatment is defined as any treatment process that is dominated by 

the application of physical forces and can include processes such as settling, flocculation, 

filtration and mixing (Crites and Tchobanoglous, 1998). Within the septic tank, 

sedimentation of the solids is a key requirement of a properly operating septic system, 

since a septic tank is mainly designed to ensure the removal of solids from the liquid 

stream.  

The septic tank can be thought of as a gravitational settling unit that provides space to 

allow sedimentation and flotation to occur (Seabloom et al., 2004). The process of 
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sedimentation requires laminar flow regimes (Jowett, 2007). Ideally the septic tank 

provides a quiet zone that allows solids that can settle to sink and accumulate while still 

allowing floatable solids to rise to the surface and accumulate (Seabloom et al., 2004). 

Unwanted higher-velocity plumes can be created when a septic tanks is designed with 

shorter, wider or deeper dimensions (Jowett, 2007). This can cause turbulent flow with 

eddies that re-suspend solids and allow untreated sewage to short circuit to the outlet of 

the tank (Jowett, 2007). In the early design of septic tanks, Winneberger suggested that it 

was valuable to have “slow flow through a long tank”, however over time the value of 

long tanks has been forgotten and possibly due to “construction convenience short stubby 

tanks became common” (Jowett, 2007). In addition, the re-suspension of solids can occur 

as a result of gas bubbles being produced by the anaerobic microbes that sporadically are 

released from the accumulated sludge (Seabloom et al., 2004). On occasion, a portion of 

the accumulated scum can begin to settle as a result of anaerobic digestion leading to 

increased gas production, causing the re-suspension of solids (Seabloom et al., 2004).    

The physical process of sedimentation by gravity occurs when the solid particles are 

heavier than water. This process can be divided into 4 different settling phenomena:  

discrete particle (type 1), flocculant (type 2), hindered or zone (type 3), and compression 

(type 4) (Seabloom et al., 2004). Figure 3.4 illustrates the type of settling possible within 

a septic tank. 
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Figure 3.4: Diagram of types of settling phenomena (Seabloom et al., 2004) 

“Discrete settling involves the descending of particles in a suspension of few solids with 

little to no interaction with other particles” (Metcalf and Eddy, 2003). In septic tanks this 

process removes heavier discrete and irregular particles. “The wastewater entering a 

septic tank does not, strictly speaking, fit the definition of a suspension of discrete 

particles since the particles are irregular however key information can be gained through 

discrete particle settling analyses” (Seabloom et al., 2004). Newton and Stokes classic 

law of settling indicates that a discrete particle descending in a quiescent fluid will 

accelerate to a terminal vertical velocity, at which point the frictional drag equals the 

gravitational force on the particle (Seabloom et al., 2004). Fictional drag is a function of 
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the particle velocity, diameter, fluid density, viscosity and drag coefficient (Seabloom et 

al., 2004).  

In addition to discrete settling, flocculant settling also takes place within septic tanks. 

Flocculant settling is much more difficult to estimate since it is affected by particle 

coalescence and can, therefore, not be estimated by Newton’s law as with discrete settling 

(Crites and Tchobanoglous, 1998; Seabloom et al., 2004). With time and depth, particle 

settling velocities typically increase as the particles collide and coalesce increasing their 

density and size (Seabloom et al., 2004).   

Hindered or Zone settling of particles within a septic tank occurs once biological flocs of 

particles have occurred within the settling particles (Seabloom et al., 2004).  This type of 

settling occurs in a septic tank with the creation of a definable solid-liquid interface 

where the flocs tend to settle as a mass of solids rather than individual particles 

(Seabloom et al., 2004). Finally, type 4 settling or compression occurs within a septic 

tank as a result of the consolidation of the mass of settled particles (Seabloom et al., 

2004). The weight of the always increasing particles being added to the top of the settled 

particles acts to compress the particles together and can depend on the structure of the 

particles and flocs (Seabloom et al., 2004). Compression typically occurs within the 

bottom of the region of settled solids (Seabloom et al., 2004). 

Separation and removal of suspended solids does not only take place as a result of 

sedimentation, but also through floatation which is significant in septic tanks. Floatation 

requires a quiescent environment. The presence of oil and greases is not solely 

responsible for scum formation, but can enhance this process as smaller particles are 
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encapsulated by the congealed oil or grease, making these particles more buoyant 

(Seabloom et al., 2004).  

The physical separation of the solids from the liquid within the septic tank is a function of 

not only the characteristic of the influent, but also the hydraulic loading characteristics as 

well as the layout and design of the septic tank.  

3.4.2. Biological Wastewater Treatment  

Biological treatment of wastewater can be defined as any treatment that involves 

biological activity that converts biodegradable organic matter to gas and cell tissues that 

can be settled (Crites and Tchobanoglous, 1998). Within the septic tank, solids settle to 

the bottom forming a sludge layer, while fats, oils and greases float on the surface 

forming a scum layer (Crites and Tchobanoglous, 1998; Metcalf and Eddy, 1991). The 

solids that have settled can be divided into two general categories: inorganic and organic. 

For domestic wastewater, typically 75% of the solids are assumed to be organic and this 

portion of the solids undergoes facultative and anaerobic decomposition and is converted 

to carbon dioxide (CO2), methane (CH4) and hydrogen sulphide (H2S) (Crites and 

Tchobanoglous, 1998). There are three steps involved in the anaerobic decomposition of 

sludge: 1) hydrolysis; 2) fermentation; and, 3) methanogenesis. These are shown in 

Figure 3.5.  
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       Figure 3.5: Theoretical stages of anaerobic digestions stages (Metcalf and Eddy, 

2003) 

Hydrolysis is the first stage of anaerobic digestion and it involves the breaking down of 

organic compounds including lipids, polysaccharides, protein and nucleic acids (Metcalf 

and Eddy, 2003). These organic compounds are used by various groups of organisms as a 

source of energy and carbon for cells (Crites and Tchobanoglous, 1998). At the end of 

this process, the organic compounds are transformed into less complex fatty acids, 

monosaccharide, amino acids, purines and pyrimidines and simple aromatics (Metcalf 

and Eddy, 2003, Crites and Tchobanoglous, 1998).  

The second stage of anaerobic decomposition is fermentation, also known as 

acidogenesis, during which amino acids, sugars and fatty acids are further degraded to 

acetate, hydrogen (H2) and carbon dioxide (CO2) (Metcalf and Eddy, 2003). There is an 

intermittent step in which propionate and butyrate are produced and then are further 

degraded to CO2, acetate and H2 (Metcalf and Eddy, 2003). These compounds are 
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required for the production of methane which is the third and final stage of anaerobic 

decomposition.  

Methanogenesis involves two groups of organisms that are involved in the production of 

methane (CH4): aceticlastic methanogens and hydrogen-utilizing methanogens (Metcalf 

and Eddy, 2003). The aceticlastic methanogens split the acetate into the CH4 and CO2 

while the hydrogen-utilizing methanogens use hydrogen as the electron donor and CO2 as 

the electron acceptor to produce CH4 (Metcalf and Eddy, 2003). Another minor reaction 

in the process is the conversion of CO2 to oxidize H2 to form acetic acid which is then 

converted to CH4 by bacteria known as acetogens which are present in all anaerobic 

processes (Metcalf and Eddy, 2003). In addition to these primary reactions, there are also 

by-product reactions of anaerobic processes that can yield non-desired and sometimes 

significant concentrations of sulphates.  

Although a large fraction of the solids can be degraded by anaerobic decomposition, there 

a net accumulation of sludge can always be expected due to the fraction of inorganic 

solids in the inlet wastewater, and the fraction of organic solids that have a slower 

degradation rate under anaerobic conditions (Crites and Tchobanoglous, 1998). Hence, 

periodic pump out will be required to remove and dispose of these accumulated solids.  

3.5. Characteristics of Septic Sludge 

Factors that can affect the physical characteristics of septage include: climate; water 

usage habits; septic tank size, design and pump-out period; water supply characteristics; 

piping material; and the use of water-conservation fixtures, garbage disposals, household 

chemicals, and water softeners (USEPA, 1999b). Septage is highly variable and organic, 
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with significant levels of grease, grit, hair, and debris (USEPA, 1999b). The exact 

characteristics of septage are dependent on the activities and habits of the septic system 

user. The USEPA Onsite Wastewater Treatment Systems Manual has presented an 

average range of characteristics for domestic septage as in Table 3.2. 

Table 3.2:  Characteristic of domestic septage (USEPA, 2002) 

Parameters Units Average Range 

Total Solids mg/L 34,106 1,132-130,475 

Total Volatile Solids mg/L 23,100 353-71,402 

Total Suspended Solids mg/L 12,862 310-93,378 

Volatile Suspended mg/L 9,027 95-51,500 

Biochemical Oxygen Demand mg/L 6,480 440-78,600 

Chemical Oxygen Demand mg/L 31,900 1,500-703,000 

Total Kjeldahl Nitrogen mg/L 588 66-1,060 

Ammonia Nitrogen mg/L 97 3-116 

Total Phosphorous mg/L 210 20-760 

Alkalinity mg/L 970 522-4,190 

Grease mg/L 5,600 208-23,368 

pH  - 1.5-12.6 

 

Table 3.2 indicates a wide range in values for different characteristics of domestic 

septage. As previously mentioned, this variation can be attributed to the wide range of 

inputs into individual household tanks. These as well as the influence of a number of 

other factors on the digestion of the septage can have a significant impact on the 

characteristics of the septage when pumped out. Overall, defining an average or expected 

septage characteristic is difficult as there are a large number of factors, which can impact 

the characteristic. Additionally there have only been few studies that involve the 

characterization of septic tank sludge characteristics, with small sample sizes, which has 

limited extrapolation of the available data.   
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3.6. Review of Past Septage Accumulation Studies 

A number of studies have been conducted that have investigated septage accumulation 

within domestic wastewater-fed septic tanks since the start of the 20
th

 century. In the 

following sections, the results, as well as the approaches and underlying rationale 

employed in undertaking these studies will be discussed. 

3.7. Pump-Out Level in Tank  

The period of septage pump out from a septic tank is dependent on a number of operating 

factors including the level of sludge, scum or both that should not be exceeded. The level 

of solids at which the tank is pumped is important to ensure that the solids accumulated 

are not carried out of the primary chamber into the second chamber. The settled solids 

and scum level at which the tank is pumped is typically based on the either regularly 

scheduled visit by septage haulers initiated by the owner of the system, or mandated by 

the district in which the tank is located as a result of the operational failure of the system. 

The predetermined levels for scheduled pump out or pumping frequencies are 

recommended by professionals or experts in the field. These levels are often very 

conservative and aim to prevent the washout of solids to the second chamber which can 

lead to a higher risk of solids being washed out to the next stage of treatment. The 

treatment processes following the septic tank are typically soil-based, where solids 

carried to soil based treatment processes can eventually cause them to fail through 

clogging, which can lead to ponding on the soil surface or even backing up of the septage 

influent into the residence.  
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From the sludge accumulation studies reviewed which included studies conducted by 

Kinsley et al., (2005), Gray, (1995), Philip et al., 1993 and Maunoir et al., 2007, no 

consistent solids level in the septic tank could be noted, but rather a number of different 

sludge levels in the tank were indicated as the level at which the septage should be 

pumped. In these studies, the maximum level of solids recommended was discussed in 

terms of the percentage of the overall level of the tank. The studies conducted suggested 

pump out levels of 33% (Kinsley et al., 2005), 48% (Gray, 1995), and 50% (Philip et al., 

1993; Maunoir et al., 2007) of the liquid level. The USEPA Onsite wastewater Treatment 

Systems Manual (2002) suggests that sludge and scum accumulation should not exceed 

30% of the tank volume and that pump out period is required when the scum or sludge is 

encroaching on the inlet or the outlet (USEPA, 2002).  

Mancl (1984) provided Equation (3.1) to compute the sludge storage volume required 

based on a theoretical calculation of estimated solids in the tank and the estimated 

digestion of solids within the tank (Mancl, 1984).  

                       (3.1) 

where Vsludge storage is the sludge storage volume required (L), Vtank  is the volume of tank 

(L), Q  is the daily water flow in tank per person (L/person/day), Nresidents is the  number 

of residents and t is liquid detention time (d). 

For example, using an estimated water flow into the tank of 189 L per person per day 

(Mancl, 1984), the sludge storage volume required for a 3400 L tank serving 6 people 

would require 2267 L for sludge storage or 66.7% of the total volume (Mancl, 1984). The 
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same 3400 L tank serving 2 people would require pumping when the level reaches 3000L 

of sludge or 88.2% of the total volume (Mancl, 1984).  

The decision of the level at which to remove the solids from the tank can be a critical 

parameter as it can have a large impact on the pump-out period. Using the level of solids 

in the tank as the deciding parameter to pump the tank requires ongoing onsite 

investigation to determine when the target level has been reached, which would be time 

consuming and not practically feasible.      

3.8. Septage Characteristics, Accumulation, and Pump-out period  

A review of available studies was conducted to assess not only the results in terms of 

calculated sludge and scum accumulation rates, but also to determine the characteristics 

of the sludges and the approaches utilized to conduct sampling and site investigations. A 

review of previous studies conducted by Philip et al. (1993) provided a range of reported 

sludge accumulations and related characteristics from a number of older studies. These 

are summarized in Table 3.3.  

Table 3.3: Sludge accumulation studies presented in article by Philip et. al (1993) 

Sludge 

Accumulated  

(L/person//year) 

Total Solids 

in Sludge 

(g/L) 

Volatile 

Solids in 

Sludge (g/L) 

Study Cited 

80 33.6-35.4 - Brandes, 1978 

71   Jones, 1974 

69   Weibel, 1954, USA in Brandes, 1978 

40   The Public Health Service of the USA 

360 to 440 27.9 21.4 Swiss Norm (Edeline, 1983) 

180   Great Britain (Jones, 1974) 

 22.6-40.5 16.9-26.7 Philip, 1983 
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The septic tank sludge study presented by Philip et al. (1993) was conducted in France 

and involved the selection of 33 tanks with 3 sets of sampling events at each tank in 

December or January of 1988-1989, 1989-90, and 1990-91. At the time of the first 

sampling, the tanks had been in operation for 3 to 33 months, since tank installation or 

last pump-out (Philip et al., 1993). Although not explained in detail, the sludge samples 

and level measurements were collected using a peristaltic pump, while the thickness of 

the scum was determined visually by inspection (Philip et al., 1993).  

A total of 93 sampling events were conducted throughout this study, and the results were 

divided into six month groups based on the years of use (from 0.5 to 3.5 years of use), 

with each group containing between 7 and 22 values for each parameter (Philip et al., 

1993). The mean and standard deviations were calculated using a student’s test at 5% 

significance level. Figure 3.6 shows that after 3 years the volume of solids accumulated 

in the tank stabilized and then decreased. After 3 years, the mean value of sludge 

accumulated was 82 L/person/year, while after 3.5 year it was 60 L/person/year (Philip et 

al., 1993). Unfortunately, no data were available beyond 3.5 years of use, which could 

confirm the trend in volume of sludge accumulated after this point of operation.  

Figure 3.7 illustrates the volume of sludge accumulated per person per day. It was found 

that the sludge accumulation was highest in the first year and then stabilized at 

approximately 0.2 L/person/day until the third year when it decreased to 0.163 

L/person/day (Philip et al., 1993).   
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Figure 3.6: Mean volume plus 95% confidence interval of sludge in study conducted by 

Philip et al. (1993) 

 

 
Figure 3.7: Sludge accumulation rate per person in study conducted by Philip et al. 

(1993) 
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Sludge samples were also taken in the study by Philip et al. (1993) and analyzed for pH, 

Eh, total solids (TS), volatile solids (VS), soluble chemical oxygen demand (COD), 

Methane (CH4) production rate, and volatile fatty acids (VFA). Figure 3.8 shows that the 

ratio between TS (termed as MS in Figure 3.8) and VS (termed as MV in Figure 3.8) was 

found to be similar during the first year of operation. From 0.5 to 3 years, the TS ranged 

from 27 g/L to 42 g/L and the VS ranged from the 19 g/L to 29 g/L (Philip et al., 1993). 

Figure 3.9 shows that soluble COD increased in the first two years and then rapidly 

declined in the concentration that could relate to the methane production shown in Figure 

3.10, which increased after the second year of operation. The soluble COD concentration 

represents the concentration of organic matter dissolved in the interstitial liquid of the 

sludge as a result of exoenzymatic degradation of the solid particles, while the increased 

methane production results from the hydrolyzed products and volatile fatty acid 

consumption (Philip et al., 1993). 
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Figure 3.8: Characteristic of solids within sludge in study conducted by Philip et al. 

(1993)  

 
 Figure 3.9:  Soluble COD concentration within sludge study conducted by Philip et al. 

(1993)  
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Figure 3.10: Methane production within sludge from study conducted by Philip et al. 

(1993)  

Finally, Philip et al. (1993) also divided the tanks sampled in this study into three 

categories based on whether they were considered to be efficient (good), medium or 

deficient (bad) tanks in terms of sludge accumulation based on a stabilized sludge 

accumulation rate of 0.2 L/person/day. These results are presented in Figure 3.11 (Philip 

et al., 1993). Efficient tanks had sludge accumulations rate below 0.175 L/person/day, 

middle tanks had values between 0.175 and 0.225 L/person/day, and deficient tanks had 

sludge accumulation rates above 0.225 L/person/day (Philip et al., 1993).  
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Figure 3.11: Sludge accumulation rate as a function of time in the study conducted by 

Philip et al. (1993)  

Once the tanks were categorized, mean values for the sludge parameters were compared 

for efficient and deficient tanks as outlined in Table 3.4. From Table 3.4 it can be seen 

that significantly higher concentrations of solids (TS and VS) and soluble matter (COD, 

acetic, propionic, isobutyric and isovaleric acids) were noted in the deficient tanks 

compared to the efficient tanks (Philip et al., 1993). Based on the results of this study, for 

an accumulation rate of 0.2 L/person/day, a septage pump-out period of 5 years would be 

recommended for a 3000 L tank with 4 users or a 4000 L tank with 6 users, thereby 

utilizing 50% of the tank for sludge accumulation (Philip et al., 1993).  
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Table 3.4:  Mean values of the physico-chemical parameters for the efficient and 

deficient tank groups according to the nominal value of the accumulation rate (0.2 

LL/person//day) of study conducted by Philip et al., 1993 

Parameters Units 
Effective Septic Tank 

Installations 

Deficient Septic Tank 

Installations 

  Mean 
Standard 

Deviation 
Mean 

Standard 

Deviation 

pH  6.73 0.27 6.62 0.24 

Eh mV -310 78 -339 37 

TS g/L 36.57 13.25 46.4 14.31 

VS g/L 25.81 8.93 31.57 9.34 

CH4 mg/L/d 26.31 30 15.88 30 

Soluble COD mg/L 2502 1753 3873 2554 

Acetic Acid mg/L 194 176 340 312 

Propionic Acid mg/L 300 378 547 465 

Isobutyric Acid mg/L 22 27 46 45 

Butyric Acid mg/L 42 67 36 128 

Isovaleric Acid mg/L 45 53 92 95 

Valeric Acid mg/L 15 32 24 38 

In comparison, the study under taken by Gray (1995) investigated the sludge 

accumulation in 28 septic tanks of various sizes and configurations. It was found that the 

sludge accumulation rate declined over time with a specific sludge accumulation per 

capita per day of 0.254 L/person/day after 0.5 years to 0.178 L/person/day after 5 years 

(Gray, 1995). The mean sludge accumulation rate, not taking into account the sludge age, 

was 0.234 L/person/day (Gray, 1995). From the data collected in this study it was 

determined that a standard 2720 L septic tank serving 4 people should require pumping 

every 5 years to maintain a 2-day hydraulic retention time and a volume available for 

liquid settling of 48% (Gray, 1995). 

A report prepared for the Canadian Mortgage and Housing Corporation in 2005 on the 

impact of water softeners also involved investigations into scum plus sludge 

accumulation rate within a number of tanks investigated. This study involved field 
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sampling 39 septic tanks for  sludge and septic tank effluent, with 17 of the tanks 

receiving water softener backwash (WSB) and 22 septic tank with no water softener 

backwash (NWSB). Out of 39 tanks, 31 involved the determination of sludge 

accumulation rate. The average sludge accumulation rate in the 31 tanks (both with and 

without softener backwash) sampled was determined to be 116.3±134.8 L/person/year 

which translated to 0.32 L/person/day (Kinsley et al., 2005).  Table 3.5 review the 

average sludge characteristics and sludge plus scum accumulation data collected in the 

study conducted by Kinsley et al. (2005).  

Table 3.5: Sludge characteristic of the study on impact of water softener backwash 

discharge on septic tank performance conducted by Kinsley et al., 2005 

Parameter Units 

Tanks 

receiving 

water 

softeners 

backwash 

# of 

tanks 

samples 

Tanks not receiving 

water softeners 

# of 

tanks 

samples 

Sodium mg/L 586±381 11 233±89 21 

Chloride mg/L 1609±1326 14 144±66 22 

VSS g/L 31.8 17 31.5±12.3 20 

Total coliform cts/100 mL 1,600,000 16 5,100,000 18 

Sludge and Scum 

Accumulation 

Rate 

L/person/yr 107±75 15 118±66 17 

Based on the results of the mean sludge and scum accumulation rate and information 

gathered on the number of inhabitants and tank size (average 3600 L) Table 3.6 indicates 

the corresponding tank pump-out period (Kinsley et al., 2005). This table was developed 

using a 30% of maximum scum plus sludge level for pump-out level. 
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Table 3.6: Pump-out period in years of the 1st chamber of septic tank suggested by 

Kinsley et al. (2005) 

Tank Volume Persons in the Home 

 1 person 2 person 3 person 4 person 5 person 6 person 

1800 L 5 2 1 1 1  

2700 L 7 3 2 1 1 1 

3600 L 10 5 3 2 2 1 

4500 L  6 4 3 2 2 

5400 L  7 5 3 3 2 

 

As an alternative to field sampling for the determination of pump-out period, a review of 

the literature was conducted by Mancl (1987). An equation was developed representing 

the sludge volume required for sludge storage, as shown in Equation (3.2) and then using 

theoretical estimates related to the fraction digested, and percentage of solids retained in 

the tank, Equation (3.2) calculates the mass of solids retained and Equation (3.3) the mass 

of solids to a volume. Finally the pump-out period can be determined using Equation 

(3.4) (Mancl, 1987). 

 = 0.032                               (3.2) 

where Xs is the solids retained in kg and Xinfluent is influent solids in %, 

The dry mass of solids is then converted to a volume to estimate pump-out period. An 

arbitrary value of 4 % solids was assumed and that it would have the same density of 

water (Mancl, 1984). 

               (3.3) 

where Vsludge is volume of sludge retained in the tank in L. 
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Knowing the volume of sludge retained per person on a daily basis, and the volume 

available for storage, the pump-out period can be calculated using Equation (3.4) (Mancl, 

1984).  

���	
� 

���	����
�

������∗	��

                          (3.4) 

where Vsludge is sludge storage volume required in L, Nresidents is the number of residents  

Using Equation (3.4), the table below was developed for various tanks volumes. 

Table 3.7:  Septic tank pump-out period for year round residence in years estimated by 

Mancl, 1984 

Tank Volume (m
3
) Number of Persons in Residence 

 1 2 3 4 5 6 7 8 9 10 

1.9 5.8 2.6 1.5 1.0 0.7 0.4 0.3 0.2 0.1 - 

2.8 9.1 4.2 2.6 1.8 1.3 1.0 0.7 0.6 0.4 0.3 

3.4 11.0 5.2 3.3 2.3 1.7 1.3 1.0 0.8 0.7 0.5 

3.8 12.4 5.9 3.7 2.6 2.0 1.5 1.2 1.0 0.8 0.7 

4.7 15.6 7.5 4.8 3.4 2.6 2.0 1.7 1.4 1.2 1.0 

5.7 18.9 9.1 5.9 4.2 3.3 2.6 2.1 1.8 1.5 1.3 

6.6 22.1 10.7 6.9 5.0 3.9 3.1 2.6 2.2 1.9 1.6 

7.6 25.4 12.4 8.0 5.9 4.5 3.7 3.1 2.6 2.2 2.0 

8.5 28.6 14.0 9.1 6.7 5.2 4.2 3.5 3.0 2.6 2.3 

9.5 31.9 15.6 10.2 7.5 5.9 4.8 4.0 4.0 3.0 2.6 

Two of the most accepted empirical relationships to predict the scum plus sludge volume 

were independently suggested by Bounds (1988) and Weibel (1954) (Seabloom et al., 

2004). Both of these empirical relationships have statistical confidence levels of 95% and 

predict the gallons-per-person accumulated after a specified number of years of operation 

(Seabloom et al., 2004). Figure 3.12 shows a graphical representation Equations (3.5) and 

(3.6). 
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Additionally the USEPA in the 1980 and 2002 Onsite Wastewater Treatment Systems 

Manual suggested that for systems that are not regularly inspected, tanks should be 

pumped every 3-5 years depending on the size of the tank, the number of building 

occupants, and household appliances (Seabloom et al., 2004; USEPA, 2002). This 

recommendation was intended to be conservative and to ensure the protection of the soil 

infiltration systems (Seabloom et al., 2004). This suggestion was also prudent due to the 

fact that the management of septic systems is still quite limited and therefore it is 

reasonable that a rule of thumb requiring tanks to be pumped out every 3 to 5 years 

evolved for regulating authorities to implement and enforce (Seabloom et al., 2004).  

The studies reviewed in detail above indicate a wide range of per capita accumulation 

rates on an annual basis. Table 3.8 provides a summary of the findings. The review of the 

literature also indicated that no standard method currently exists for the measurement of 

sludge accumulation. In addition, no standard set of parameters are currently specified to 

evaluate system performance and process health. 

Table 3.8:  Summary of sludge accumulation  as found through review of previous 

studies  

Sludge Accumulated  

(L/person/year) 
Study Cited Reference 

50.68t + 192.5 Bounds, 1988 Seabloom et al., 2004 

178t
0.675 

Weibel, 1955 Seabloom et al., 2004 

116.3±134.8 Kinsley et al., 2005 Kinsley et al., 2005 

292 Mancl, 1984 Mancl, 1984 

82
* 

Philip et al., 1993 Philip et al., 1993 

    *indicates the maximum reached at 3
rd

 year of study 
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3.9. Factors Affecting Digestion of Septage in Tank 

There are many factors which influence the accumulation of septage within a septic tank. 

Some of these factors relate directly to the design of the tank including the width to 

length ratio of the tank and the flow profile through the tank, while other factors 

impacting the accumulation within septic tanks relate to the wastewater properties 

including; inlet solids characteristics, concentrations and ratios of organic constituents 

(carbon, nitrogen and phosphorous), temperature, amount of inorganic matter, water 

usage, flow profile, temperature of wastewater and ambient temperature within the tank. 

External factors also play a role in the digestion and accumulation of solids within the 

tank, including ambient temperature within the tank and in the external environment. In 

this section parameters of interest will be discussed in detail especially those, which are 

thought to possibly cause inhibition of the anaerobic digestion of the sludge.  

3.9.1. Temperature  

The effect of temperature on biological activity is well documented and forms the basis 

of a number of fundamental kinetic models developed for wastewater treatment 

processes. Temperature affects many aspects of wastewater treatment and sludge 

digestion including metabolic activity, gas transfer rates and settling characteristics. A 

relationship for the effect of temperature on the reaction rate of biological processes has 

been estimated based on the van’t Hoff-Arrhenius relationship which is presented in 

Equation (3.7) (Crites and Tchobanoglous, 1998). 

�
                          (3.7) 
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where k is the reaction-rate constant, T is the temperature in Kelvin (K), E  is the constant 

characteristic of reaction called activation energy, R is the ideal gas constant, 8.314 

J/mol*K  

When Equation (3.7) is integrated between temperature limits T1 and T2 and a new 

constant is developed to incorporate the activity energy and the ideal gas constant, the 

equation becomes Equation (3.8). 

                        (3.8) 

where kT is the reaction-rate coefficient at temperature T (
o
C), k20 is reaction-rate 

coefficient at 20
 o

C, θ is the temperature activity coefficient and T is temperature in 
o
C 

(Crites and Tchobanoglous, 1998).  

There are several assumptions associated with the development of this equation including 

that θ is considered to be constant, when in reality θ varies depending on the temperature 

range (Crites and Tchobanoglous, 1998). The value of θ can vary from about 1.02 to 1.09 

with 1.04 representing the typical value (Crites and Tchobanoglous, 1998). To determine 

the effect of temperature on the sludge within septic tanks, the kinetic coefficient for 

anaerobic sludge digestion of domestic sludge must be estimated. The reaction-rate 

coefficient for the anaerobic sludge digestion of domestic sludge ranges from 0.5-2 d
-1

 

with the typical 1.0 d
-1

 (Crites and Tchobanoglous, 1998). However, once again these 

values can vary depending on the specific characteristics of the wastewater and sludge 

(Crites and Tchobanoglous, 1998). Estimating the rate of digestion at typical values at a 

temperature of 10
o
C, which would be the low end of temperatures, expected in septic 

tank liquids in northern climates, a reaction-rate coefficient (k10) can be calculated to be 
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0.68 d
-1

. Conversely, the reaction-rate coefficient at 25
o
C using the same values as those 

used to calculate the reaction rate coefficient at 10
o
C was noted to be 1.2 d

-1
. The 

difference in this calculation illustrates the significance of temperature on digestion with 

close to a doubling of the rate over a range of 15
o
C. 

The deterrent for anaerobic sludge digestion processes in comparison to aerobic is the 

long detention time required for anaerobic digestion to take place as a result of the slow 

growth rate of methanogenic bacteria. The positive side of anaerobic digestion is that the 

slower growth results in a lower sludge yield as a result of lower number of new cells 

being synthesized from the organic matter. Anaerobic digestion processes are typically 

designed to operate at high temperatures to lower the mean cell residence time, since in 

municipal or industrial application long residence times are not desirable and require very 

large reactor volumes (Metcalf and Eddy, 2003). However in septic tanks where the 

sludge age is typically years in length, the requirement of high temperatures might not be 

as essential as long as the temperature does not fall below a critical point, in which case 

anaerobic digestion is inhibited. Although the optimum growth conditions for anaerobic 

organisms are found to be at 20
o
C or above, there have been no findings on the 

temperature at which sludge digestion within septic tanks is significantly inhibited. 

Hence, it can be assumed that if the temperature falls below 10
o
C, the reproduction times 

of organisms could slow to longer than 50 days compared to 3 days at 35
o
C (Jewell, 

1987). 

Although no specific studies could be found related directly to temperature and sludge 

accumulation, digestion studies in various areas of the world have shown that with higher 
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ambient temperature and lower rates of water consumption the treatment of BOD and 

suspended solids could be improved (Jewell, 1987). For example, septic tanks in rural 

India achieved an average suspended solids removal of 81-83% and a BOD reduction of 

91-95% with influent concentrations averaging more than 10 times those found in the 

United States (Jewell, 1987). The impact of temperature on treatment rate and digestion 

within the septic tanks has not been investigated intensely but it is evident that increasing 

the temperature of the sludge and liquid within the tank can have a positive effect on the 

digestion and treatment. Therefore the ability to improve the rates might lie in insulation 

or maintaining the temperature of the liquid within the tank much higher than ambient 

temperatures found in tanks during cold climates during the late fall, winter and spring 

months.  

3.9.2. Inhibitory substances 

Inhibiting digestion of the solids can lead to higher sludge accumulation rates as well as a 

higher chance of solids washing out to the downstream treatment processes. Therefore if 

inhibitors can be minimized and the operating conditions optimized to enhance the 

digestion within the tank this can result in a decrease in period of septic tank being 

pumped as well as protect the downstream processes from solids carry-over. In order for 

anaerobic treatment to work efficiently, the non-methanogenic and methanogenic bacteria 

must be in dynamic equilibrium (Metcalf and Eddy, 2003). This equilibrium occurs when 

there is no oxygen since oxygen is considered an inhibitor substance for anaerobic 

digestion. Additionally, sulphides, ammonia, metals and salts at various concentrations 

can inhibit the anaerobic digestion of sludge (Metcalf and Eddy, 2003; Chen et al., 2008).  
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3.9.3. Sulphides 

Unfortunately, sulphur compounds are byproducts of anaerobic digestion and, when 

present in high concentrations, can be inhibitory or even toxic to the methanogenic 

bacteria essential to anaerobic digestion (Metcalf and Eddy, 2003). In anaerobic 

digestion, sulfate is reduced to sulphide by bacteria called sulfate reducing bacteria 

(SRB). SRB can be divided into two types known as incomplete and complete oxidizers. 

Incomplete oxidizing SRB reduce lactate to acetates and CO2 while complete oxidizing 

SRB convert acetate to CO2 and HCO3
-
 (Chen et al., 2008). Inhibition as a result of 

elevated sulphur concentrations occurs in two stages. The first stage is the result of SRB 

competing for organic and inorganic substrate causing methane production to be 

suppressed, while the second is due to toxicity of sulphide to some types of bacteria 

(Chen et al., 2008). There is a wide range of inhibitory levels of sulphide reported in 

literature that have been noted to affect anaerobic digestion; 100-800 mg/L dissolved 

sulphide or approximately 50-400 mg/L un-dissociated hshydrogen sulphide (H2S) (Chen 

et al., 2008).  

3.9.4. Ammonia 

Ammonia (NH3-N) is an essential nutrient required for anaerobic digestion at 

concentrations of 200 mg/L or less (Chen et al., 2008). However, NH3-N can also cause 

inhibition of the anaerobic digestion process at higher concentrations, where 

methanogenic microorganisms, which are most sensitive to NH3-N, become limited in 

their function. In one study it was shown that when the concentration of NH3-N ranged 

from 4051 to 5734 mg NH3-N/L the population of the methanogenic microorganism 

activity dropped 56.5% while acidogenic bialmicrobial activity was barely affected (Chen 
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et al., 2008). In another study it was found that several specific strains within the 

methanogenic strains isolated from sludge are much more sensitive to NH3-N than others 

(Chen et al., 2008). One strain, Methanospririllum hungatei, was found to be inhibited at 

a concentration of 4200 g/L, while other strains were shown to have no inhibition with 

NH3-N concentration greater than 10,000 mg/L (Chen et al., 2008). Numerous studies 

have reported that ammonia in the range of 1700 to 14,000 mg/L was found to cause a 

50% reduction of CH4 production (Chen et al., 2008).   

3.9.5. Salt  

The impact of salt on biological processes has been studied for the past several decades 

due to the dehydration possible within the bacterial cells (Chen et al., 2008). Toxicity in 

anaerobic digestion is caused by the cation portion of the salt, which is typically a light 

metal ion such as sodium, potassium, calcium or magnesium. These light metals can be 

present in degraded organic compounds, water softening resins, and chemicals used to 

adjust pH. These metals are a requirement for microbial growth, however, at excessive 

concentrations these cations can cause inhibition or even become toxic. Sodium as an 

example has been shown to moderately inhibit anaerobic bacteria at a concentration 3.5 

to 5.5 g/L, and at a concentration of 8 g/L, the bacteria can be highly affected (Kinsley et 

al., 2005).  

In the study by Kinsley et al. (2005), the effect of water softener backwash discharge on 

septic tank treatment and sludge was found to be that there was little difference between 

tanks receiving water softener backwash and those not receiving the backwash. The main 

difference was in the total coliform concentrations within the sludges.  For tanks 

receiving water softener backwash discharge, the coliform concentration was 1,500,000 
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cts/100mL compared with a coliform concentration of 5,100,000 cts/100mL for tanks not 

receiving water softener backwash discharge (Kinsley et al., 2005). For the other 

parameters in the sludge studied, there was not a large difference in the sludge 

accumulation rate or VSS concentration between tanks with or without water softener 

backwash (Kinsley et al., 2005). The results from this study indicated that, at 

concentrations typical of even extreme cases that could enter a septic tank, the 

concentrations measured would not have a noticeable effect on sludge digestion and, 

therefore, accumulation.  

3.9.6. Alkalinity and pH  

The processes involved in anaerobic digestion can both increase and decrease the 

alkalinity in wastewater (Wilhelm et al., 1994). The decrease in alkalinity occurs as a 

result of the production of organic acids in the first two stages of anaerobic digestion; 

fermentation and hydrogen forming oxidation. The increase in alkalinity is due to the 

sulphate reduction and the methanogenic consumption of acetate that occurs during the 

methanogenesis stage of anaerobic digestion. An alkalinity of 1000 to 5000 mg/L is 

typical when anaerobic digestion is proceeding effectively (Metcalf and Eddy, 1991).   

For anaerobic digestion to proceed efficiently, the pH in the liquids in the tank should be 

6.6 to 7.2 (Metcalf and Eddy, 1991). A pH of 6.2 is critical because below this point 

methane bacteria stop functioning (Metcalf and Eddy, 1991). Typically there should be 

enough alkalinity present in the liquid to act as a pH buffer and to ensure that the pH does 

not fall below 6.2 (Metcalf and Eddy, 1991). Within septic systems, as it is not practical 

to regulate pH and alkalinity as closely as in larger scale centralized process, pH and 
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alkalinity information can be used as a check to ensure that the anaerobic digestion 

process has the appropriate environment.  

3.10. Conclusion 

The processes involved in treatment within a septic tank are much more complicated than 

they appear at first glance. The complex physical settling and biological treatment that 

takes place within the settled solid phases incorporate the unit processes typically 

accomplished in several stages in a centralized treatment plant. From the studies 

performed, it was found that there is a large range of concentrations of the characteristics 

studied. The characteristic of sludge and scum are dependent on the activities and habits 

of the user which vary for every tank. Finally, inhibition of the anaerobic digestion 

processes within the tank can lead to higher sludge accumulation rates resulting in solids 

washing out and possibly affecting the downstream treatment processes. Therefore, if 

inhibitors can be minimized and the operating conditions optimized, the digestion within 

the tank can be significantly improved resulting in a decreased period of septage pump 

out requirement, as well as the protection of downstream processes from solids carry-

over.  
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CHAPTER 4.  EXAMINATION OF SLUDGE ACCUMULATION RATES 

AND SLUDGE CHARACTERISTICS FOR A DECENTRALIZED 

COMMUNITY WASTEWATER TREATMENT SYSTEM WITH 

INDIVIDUAL PRIMARY CLARIFIER TANKS 

4.1. Preface to Chapter 4.0 

The maintenance and operation of onsite septic tanks traditionally only consists of the 

intermittent pumping of septage from the tank. Therefore, determining when to 

intermittently remove the solids accumulated within the tank is critical for ensuring that 

solids are not allowed to leave the septic tank, which could potentially harm the 

downstream treatment processes. In order to determine solids accumulation rate and 

solids characterization, a standard sampling procedure should be established. A standard 

procedure was developed and implemented in this study focusing on the protocol for 

sludge level determination and sludge sampling procedures, along with a method for 

characterizing the sludge sampled. 

The analysis of the dataset collected from the August 2007 field study of 29 primary 

clarifier located at individual residences tanks in Wardsville, Ontario is summarized in 

this chapter. The analysis identifies factors having a statistically significant impact on 

solids accumulation rates within the chambers of the tank. Several models are estimated 

that use household water consumption to predict the solids accumulation, from which the 

necessary frequency of solids removal required can be determined.  
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Abstract 

In conventional septic systems, settling and partial treatment through anaerobic digestion 

occurs in the septic tank. One of the byproducts of the separation of solids in the septic 

tank is a semi-liquid material known as septage, which must be pumped occasionally 

from the septic tank. Septage includes the liquid portion within the tank, as well as the 

sludge that settles to the bottom of the tank and the scum that floats to the surface of the 

liquid layer. There are many factors influencing the characteristics of septage, as well as 

the rate at which the sludge and scum within the tank accumulate. This paper presents a 

methodology developed and used in the 2007 field sampling study for this scum and 

sludge accumulation study. This paper also presents the results of a 2007 field sampling 

study conducted in Wardsville, Ontario. The field study examined 29 individual 

residential two-chamber septic tanks in a community serviced by a decentralized 

wastewater system that has been in operation for approximately 7 years without septage 

removal. The results are used to recommend a conservative pump out period, provide an 
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overview of the sludge characteristics, and to estimate statistically sound models for 

predicting sludge and scum accumulation rates based on the variables measured.  

Keywords: Onsite Wastewater Treatment, Decentralized, Domestic Sewage, Septic 

Tanks, Sludge, Scum, Solids Accumulation, Primary Clarifier, Septage 

4.2. Introduction 

The management of sludge in small or onsite wastewater treatment systems is a key 

factor affecting maintenance and operation of the systems. Sludge accumulation, 

treatment and subsequent disposal can represent a high percentage of the operating cost 

for a wastewater system. This is especially important for small-scale and onsite 

wastewater treatment systems, where sludge removal can be one of the few, but 

substantial, operating costs of the system. Cost savings and protection of the downstream 

treatment system, whether it be a soil absorption system or small wastewater treatment 

plant, are possible if the pump out period of the sludge can be optimized. As well, 

optimization of pump out period can potentially minimize the liquid volume of sludge 

requiring disposal.  

In 2000, as a result of a large number of failing septic systems, the community of 

Wardsville, Ontario installed a Clearford Industrial Inc. Small Bore Sewer™ (SBS™) 

system, which included two-chamber 3600 L tanks (Figure 1) located on the properties of 

individual homes, collectively attached to a small bore piping system that delivers the 

effluent from the tanks to a small community wastewater treatment system.  
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Figure 4.1:  Schematic of side and top section of Clearford Inc. 3600 L primary clarifier 

tank (Clearford Industries Inc., 2008) 
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The dimensions of each clarifier tank (shown in millimetres in Figure 4.1) included in the 

study were identical. During the summer of 2007, a sludge characterization and 

accumulation study was undertaken in the community by Queen’s University in 

conjunction with Clearford Industries Inc. and the Municipality of Southwest Middlesex. 

This study aimed to determine the solids profile, accumulation rate of solids and period of 

solids removal required from the tank to maintain optimum operating conditions. In 

addition, further analysis of the sludge samples was conducted, including sludge 

characterization, and statistical data analysis to identify possible relationships between 

the solids accumulation rate and characteristics of the sludge. The goal was to determine 

whether there is potential for identifying relationships between sludge characteristics and 

the accumulation rate of the sludge within each chamber.  

4.3. Previous Work 

4.3.1. Previous Methodology 

A review of individual residential primary clarifier tank sampling studies, manuals and 

guides was conducted to establish typical or standard sets of procedures for the field 

investigation and sampling of septic tanks. After this review it became apparent that, 

although there were a number of studies conducted involving septic tanks, there was very 

limited published information regarding the sampling methodologies and approaches 

employed in these studies. Three studies were identified which included at least a partial 

description of the sampling methodologies employed in the field investigations. These 

studies and the approaches used are summarized in this section.  
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In a 1949 study by Weibel et al., 300 single household septic tanks were examined. A 

door-to-door survey of hundreds of households throughout a number of states across the 

United States was conducted to identify the sites to be included in the study. The sites 

were selected based on various factors including: permission given to excavate the site by 

the owners, type of septic tank installed, number of people per household, number of 

bedrooms, geographical location, availability of household history, date of last clean out 

and water meter data (Weibel et al., 1949). The field sampling methodology used to 

assess the sludge and scum layer height in this study outlined the use of apparatus 

developed by the personnel involved in study (Weibel et al., 1949). The scum layer 

height was determined using an apparatus consisting of a stick with a hinged weighted 

flap (Weibel et al., 1949). The stick was pushed into the scum layer and then rotated until 

the flap fell to the horizontal position at which time the stick was raised until resistance 

was felt, which represented the bottom of the scum layer (Weibel et al., 1949 Seabloom 

et al., 2004). The sludge height was determined using another apparatus consisting of a 

jointed copper tube with a watertight window at the bottom with a light bulb fixed below 

this window (Weibel et al., 1949). The sludge height could then be estimated by noting 

the position in the tank at which the light bulb could no longer be visually observed 

(Weibel et al., 1949).   

Another investigation which described the methodology in great detail was conducted in 

France by Philip et al. (1993). It involved the selection of 33 tanks with 3 sets of 

sampling events undertaken in each of the tanks during the months of December or 

January of 1988-1989, 1989-90 and 1990-91 (Philip et al., 1993). The only details that 

could be found on the sampling methodology used in this study indicated that the samples 
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were collected and height measurements were made using a peristaltic pump, while the 

thickness of the scum layer was determined visually upon inspection. Along with sludge 

height measurements this study also collected sludge samples which were analyzed for 

pH, Eh, total solids (TS), volatile solids (VS), soluble chemical oxygen demand (COD), 

methane (CH4) production rate, and volatile fatty acids (VFA) including acetic acid, 

propionic acid, isobutyric acid, butyric acid, isovaleric acid, and valeric acid (Philip et al., 

1993).  

A third study undertaken for the Canadian Mortgage and Housing Corporation focused 

on the impact of water softeners on the overall performance of the septic system 

including effluent quality, sludge characteristics and accumulation (Kinsley et al., 2005). 

In this study, a residential survey was completed at 37 selected sites that collected 

information regarding water softener type, amount of salt used, tank age, date of last 

pump-out, number of residents and bedrooms, types of septic system, soil type, and a 

history of any system malfunctions or water quality issues (Kinsley et al., 2005). In 

addition, the size and condition of the tank, as well as any evidence of leaching field 

failure were recorded. The sludge and scum layer heights were measured in the first 

chamber using a device known as a “sludge judge” which consists of a 2.5 cm plastic 

column, with a ball valve in the sampling orifice. When the column is lowered into the 

tank, it fills with the liquid in the tank and when raised out of the tank the ball closes and 

allows for the sludge and scum to be measured (Kinsley et al., 2005). Once the sludge 

height was determined, a 2 L sample was collected from the top 10 cm of the sludge in 

the first chamber (Kinsley et al., 2005). The sampling occurred using several grab 

samples collected using the “sludge judge”, which takes a sample of the entire water 
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column; the sludge component was separated and then collected (Kinsley et al., 2005). 

The sludge samples were analyzed for chloride, sodium, calcium, magnesium, total 

suspended solids, volatile suspended solids, pH, and total coliform.  

In addition to the sampling methodologies employed for decentralized systems, the 

typical analyses conducted for sludge and scum characterization were reviewed in the 

current study. The parameters outlined in the United States Protection Agency (USEPA) 

Onsite Wastewater Treatment Systems Manual were noted and typically include TS, VS, 

total suspended solids (TSS), volatile suspended solids (VSS), biochemical oxygen 

demand (BOD), COD, total kjeldahl nitrogen (TKN), ammonia (NH3-N), total 

phosphorous (TP), Alkalinity, Grease and pH  (USEPA, 2002). 

From the review of the septic sludge accumulation studies it was noted that a standard 

sludge accumulation and characterization approach or methodology is not currently 

available for the collection and assessment of sludge accumulation and characterization 

data from onsite septic tanks.  

4.3.2. Pump Out Period  

The pump out period of onsite clarifier tanks depends on many operating factors. A 

number of studies including Kinsley et al., (2005), Gray, (1995) and Philip et al., 1993 

have attempted to establish an average pump out period through the selection of a 

conservative level threshold of solids in the tank, at which point the tank should be 

pumped. This in turn determines the pump out period based on the demand on the septic 

system. Having a solids level threshold at which the tank is pumped is key to ensuring 

that the solids accumulated within the tank are not carried out of the primary chamber, 
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which is typically the only chamber from which solids are pumped. If solids settled 

within the first chamber are transferred to the second chamber, there is a higher risk of 

the solids being washed out to the next stage of treatment. The treatment processes 

following the septic tank are traditionally soil-based which can be sensitive to high solids 

concentrations, as the high levels of solids can eventually cause their failure through 

clogging of the soil pores, leading to ponding on the soil surface or the backing up of 

wastewater into the residence.  

In a review of sludge accumulation studies that involved septic tanks of various designs 

and volumes, several sludge heights within the tank were noted as pump out heights 

based on the useful volume of the septic tank. A range of pump out levels, expressed as 

percentages, have been reported: 33% (Kinsley et al., 2005), 48% (Gray, 1995), and 50% 

(Maunoir et al., 2007; Philip et al., 1993). The USEPA Onsite Wastewater Treatment 

Systems manual (2002) suggests that sludge and scum accumulation should not exceed 

30% of the tank volume, or should be removed when the scum or sludge is encroaching 

on the tank inlet or the outlet (USEPA, 2002). The selection of the level at which to 

remove the solids from the tank can be a critical parameter as it can have a large impact 

on the pump out period, which in turn affects the cost of operation. It is important to note 

that although a maximum level of solids in the tank can be set, onsite investigation or 

monitoring, in conjunction with established procedures and equipment that can 

adequately determine the solids level, is required to determine when this level is reached. 

Once the height at which the septage should be pumped is identified, a pump out period 

can be established provided the scum plus sludge accumulation can be determined.  
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In 1980, the USEPA recommended that for systems that were not regularly inspected, 

tanks should be pumped every 3-5 years depending on the size of the tank, the number of 

building occupants, and household appliances (USEPA, 2002; Seabloom et al., 2004). 

This conservative recommendation was proposed to ensure protection of downstream soil 

infiltration systems. It also reflected the fact that in the 1980s, oversight and management 

of septic systems was limited (Seabloom et al., 2004).  

4.3.3. Sludge and Scum Accumulation  

A review of existing studies indicates a wide range of reported values in annual per capita 

accumulation rates (Table 4.3). Some of the studies simply reported a volume 

accumulated per year, while others also analyzed the sludge samples for a number of 

parameters, including pH, Eh, total solids (TS), volatile solids (VS), soluble chemical 

oxygen demand (COD), methane (CH4) production rate, and volatile fatty acids (VFA).    

A septic tank sludge study conducted in France by Philip et al. (1993) involved the 

selection of 33 tanks with 3 sets of sampling events performed for each tank in December 

or January of 1988-1989, 1989-90, and 1990-91. A total of 93 sampling occurrences were 

recorded in this study, and the results were divided into six-month age groups (from 0.5 

to 3.5 years of use) with each group having between 7 and 22 values for each parameter 

measured (Philip et al., 1993). The selected tanks had been operating from 0.25 to 2.75 

years from installation or last pump out at the time of the first sampling event. Average 

values from year to year were compared using the Student’s t test at a 5% significance 

level. Philip et al. (1993) reported that over a 3-year period, solids accumulate in the tank, 

start to stabilize and then begin to decrease. The estimated mean solids accumulation rate 
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over 3 years was 82 L/person/year, while after 3.5 years it was 60 L/person/year (Philip et 

al., 1993). Unfortunately, no data were collected after 3.5 years of use to confirm whether 

this downward trend would continue beyond 3.5 years. The ratio between TS and VS 

started to increase around the first year, with the TS increasing from 27 g/L to 42 g/L and 

the VS increasing from the 19 g/L to 29 g/L between 0.5 years and 3 years of operation. 

The soluble COD concentration showed that there was sharp decline after the first two 

years of operation, which could be related to the methane production, which was found to 

increase after 2 years of operation (Philip et al. 1993). Finally, the study also classified 

the sampled tanks into two categories, based on whether a tank was considered to be an 

efficient or deficient tank in terms of stabilized sludge accumulation, using the average 

sludge accumulation rate of 0.2 L/person/day as the dividing point (Philip et al., 1993). 

An efficient tank was considered to have a sludge accumulation rate below 0.175 

L/person/day, a medium tank had values between 0.175 and 0.225 L/person/day and a 

deficient tank was above 0.225 L/person/day (Philip et al., 1993). Using this 

classification, Philip et al. categorized the tanks according to mean accumulation rates, 

and compared the deficient (good) and deficient (bad) tanks as outlined in Table 4.1. 
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Table 4.1:  Mean values of the physico-chemical parameters for the efficient and 

deficient tank groups according to the nominal value of the accumulation rate (0.2 

l/person/day) (Philip et al., 1993) 

Paramters Units 
Septic Tank Efficient 

Installations 

Septic Tank  

Deficient Installations 

  Mean Standard Deviation Mean Standard Deviation 

pH  6.73 0.27 6.62 0.24 

Eh mV -310 78 -339 37 

TS g/L 36.57 13.25 46.4 14.31 

VS g/L 25.81 8.93 31.57 9.34 

CH4 mg/L-d 26.31 30 15.88 30 

Soluble COD mg/L 2502 1753 3873 2554 

Acetic Acid mg/L 194 176 340 312 

Propionic 

Acid 

mg/L 300 378 547 465 

Isobutyric 

Acid 

mg/L 22 27 46 45 

Butyric Acid mg/L 42 67 36 128 

Isovaleric 

Acid 

mg/L 45 53 92 95 

Valeric Acid mg/L 15 32 24 38 

Table 4.1 shows that the deficient tanks have significantly higher concentrations of solids 

(TS and VS) and soluble matter (COD, acetic, propionic, isobutyric, and isovaleric acids) 

than the “good” tanks, while the other parameters do not vary depending on the sludge 

accumulation rate  (Philip et al., 1993). Based on an accumulation rate of 0.2 

L/person/day a pump out period of every 5 years was recommended for a 3000 L tank 

with 4 users, or a 4000 L tank with 6 users, utilizing 50% of the tank for sludge 

accumulation (Philip et al., 1993).  

In comparison, a study by Gray (1995) investigated the sludge accumulation in 28 septic 

tanks of various sizes and configurations. It was found that sludge accumulation rate 

declined over time, with a specific sludge accumulation rate of 0.254 L/person/day after 

0.5 years and 0.178 L/person/day after 5 years (Gray, 1995). The average sludge 



 

129 

 

accumulation rate, not taking into account the sludge age, was 0.234 L/person/day. From 

the data collected, it was determined that a standard 2720 L septic tank serving 4 people 

would require pumping every 5 years, while maintaining a 2-day hydraulic retention time 

and an overall volume available for liquid settling of 48% (Gray, 1995). 

In 2005, a report prepared for the Canadian Mortgage and Housing Corporation on the 

impact of water softeners cited that the solids (scum plus sludge) accumulated in 31 tanks 

sampled for scum plus sludge levels was 116.3 ± 134.8 L/person/year which translated to 

0.32 L/person/day (Kinsley et al., 2005). This study also involved field sampling of 39 

septic tanks for both sludge and septic tank effluents, with 17 of the tanks receiving water 

softener backwash, and 22 septic tank receiving no water softener backwash. Table 4.2 

shows the results of this study divided into tanks with and without water softener 

backwash.  

Table 4.2: Result of Study on Impact of Water Softeners Backwash  

Discharge on Septic Tank Performance (Kinsley et al., 2005) 

Parameter Units 

Tanks 

receiving 

water 

softeners 

backwash 

# of 

tanks 

samples 

Tanks not 

receiving water 

softeners 

# of 

tanks 

samples 

Sodium mg/L 586±381 11 233±89 21 

Chloride mg/L 1609±1326 14 144±66 22 

VSS g/L 31.8 17 31.5±12.3 20 

Total coliform cts/100 mL 1,600,000 16 5,100,000 18 

Sludge and Scum 

Accumulation 

Rate 

L/person/yr 107±75 15 118±66 17 



 

130 

 

Other published, but less readily accessible, studies on accumulation rates and solids 

concentrations have also been cited in Seabloom et al., 2004; Philip et al., 1993; Kinsley 

et al., 2005; Mancl, 1984; Gray, 1995. These are summarized in Table 4.3 and illustrate 

the large range of sludge accumulation rates that have been reported. The variation in 

sludge accumulation could possibly be related to differences in influent characteristics, 

environmental conditions (e.g., temperature) and/or water usage. The key conclusion to 

be drawn from these studies is that there is no standard method for measuring sludge 

accumulation and no set of standard parameters for measuring system health or its ability 

to effectively degrade the accumulated sludge.  

Factors that affect the physical characteristics of septage are: climate; water usage habits; 

septic tank size, design and pump out period; water supply characteristics; piping 

material; and the use of water-conservation fixtures, garbage disposals, household 

chemicals and water softeners (USEPA, 1999). Septage is highly variable and high in 

organic content, with significant levels of grease, grit, hair and debris (USEPA, 1999). 

The USEPA Onsite Wastewater Treatment Systems Manual (USEPA, 2002) summarizes 

some averages and ranges of concentrations for septic sludge which are presented in 

Table 4.4. As can be seen from Table 4.4, the characteristics of domestic sludge vary over 

wide range of concentrations. As previously mentioned, this variety is the result of the 

wide range of inputs into the tank. The inputs to septic tanks, as well as those factors 

influencing the digestion of the septage (e.g., wastewater characteristics, temperature), 

can also have a large effect on the characteristics of the septage when pumped out. 
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Table 4.3: Summary of Accumulation Rates in Previous Studies  

Sludge Accumulated  

(L/person/year) 

Total Solids 

(g/L) 

Volatile 

Solids (g/L) 
Study Cited 

Source 

Reference 

178t
0.675*

 
  

Bounds, 1988 
(Seabloom et 

al., 2004) 

50.69t + 192.53
* 

 

  

Weibel, 1955 

(Seabloom et 

al., 2004; Philip 

et al., 1993) 

116.3±134.8 
  (Kinsley et al., 

2005) 

(Kinsley et al., 

2005) 

292   (Mancl, 1984) (Mancl, 1984) 

60-82
   

(Philip et al., 1993) 
(Philip et al., 

1993) 

80 33.6-35.4 
 

Brandes, 1978 
(Philip et al., 

1993) 

71or 180 
  

Jones, 1974 
(Philip et al., 

1993) 

40  
  The Public Health 

Service of the USA 

(Philip et al., 

1993) 

360 to 440 27.9 21.4 
Swiss Norm 

(Edeline, 1983) 

(Philip et al., 

1993) 

 22.6-40.5 16.9-26.7 Philip, 1983 
(Philip et al., 

1993) 

85.3   (Gray, 1995) (Gray, 1995) 

* t is the time in number of years since chamber last pump out 

 

     Table 4.4: Characteristic of Domestic Septage  (USEPA, 2002) 

Parameters 
Units Average Range 

Total Solids mg/L 34,106 1,132-130,475 

Total Volatile Solids mg/L 23,100 353-71,402 

Total Suspended Solids mg/L 12,862 310-93,378 

Volatile Suspended mg/L 9,027 95-51,500 

Biochemical Oxygen Demand mg/L 6,480 440-78,600 

Chemical Oxygen Demand mg/L 31,900 1,500-703,000 

Total Kjeldahl Nitrogen mg/L 588 66-1,060 

Ammonia Nitrogen mg/L 97 3-116 

Total Phosphorous mg/L 210 20-760 

Alkalinity mg/L 970 522-4,190 

Grease mg/L 5,600 208-23,368 

pH  - 1.5-12.6 
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4.4. Methodology 

4.4.1. Field Sampling Approach 

A field methodology and sampling protocol was established for the determination of 

sludge characteristics and accumulation for the study conducted in Wardsville, which 

included: (1) a pre-site sampling community survey to identify field sites; (2) the 

establishment of a field site sampling protocol; (3) the development of consistent onsite 

sampling and data collection methodologies and (4) an analytical approach for the 

analysis, review and interpretation of results. 

At the onset of the study, residents of Wardsville were informed of the planned door-to-

door community survey and the work to be conducted throughout the spring/summer 

field season of 2007 by municipal officials. The door-to-door survey of the community 

was conducted over approximately a two (2) week period, providing individuals 

interviewed at each of the residences with information regarding the investigation, 

obtaining responses to the questionnaire and inquiring as to whether, if selected, the 

respective parties would agree to participate in the study. The information collected from 

the questionnaire (Appendix A.1) included the number of residents at the site, previous 

owner information if the current residents had not lived at the site since tank installation, 

and any issues or concerns with the tank such as back-ups, odours, or slow draining. In 

addition to the questionnaire, additional information was gathered from the municipality 

including tank installation date, maintenance or pumping performed since tank 

installation, as well as the water meter data from each site since metering had been 

implemented two years prior to the study. Once the community survey was completed, a 

review of the responses was conducted and 29 sites were selected for the onsite system 
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investigation based on a number of criteria including: willingness to participate, ease of 

access to the tank on site, and number of residents per site. Once the sites were identified, 

a sampling schedule was established with the Wardsville Municipality to assist with the 

opening of hatches and removal of the soil covering the second hatch of the tanks at the 

selected residences. 

The first step at each site was to ensure that there was access to the lids of both chambers 

prior to the opening of either chamber. The site information was recorded (address, date, 

ambient temperature, weather conditions and site specific information). The lid to the 

second chamber was opened slightly, the temperature and pH probes were placed below 

the liquid interface of the tank, and the readings were recorded. If a scum layer was 

present that did not allow the probe to reach the liquid interface in the tank, the pH and 

temperature readings were recorded after an opening was created in the scum layer. The 

lid was fully removed to allow for head space ventilation for at least 5 minutes. A gas 

meter was placed into the chamber to measure the levels of O2, CO, and H2S gas. Using a 

hole-saw attached to a 61 cm (24-inch) shaft extension, the scum layer was carefully 

penetrated directly below the chamber lid. The plug of scum was placed on top of the 

scum layer within the tank but away from the opening of the hole in order to minimize its 

interference with the sampling process.  

The location of the sludge layer within each chamber of the tank was determined using a 

sludge interceptor detector known as the Sludge Gun® (Figure 4.2), which uses infrared 

light transmitted by a solid state light emitting diode (LED) across a gap in the probe. The 

infrared beam is received by a phototransistor on the other side of the gap with the 
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pulsing of the infrared beam repeated many times per second by the electronic control 

circuit (Markland Specialty Engineering, 2002). The probe was slowly lowered on a 

sludge gun into the chamber at approximately the same location in each chamber until it 

reached the bottom of the tank. The length of cord required to reach the bottom of the 

tank (using the top of the tank as a marker) was noted. The button on the sludge gun was 

depressed until a constant sound emission was audible at which point the probe was 

slowly raised until the emitted sound stopped (Markland Specialty Engineering, 2002). 

The length of the cord required to reach the interface was recorded. The assumption was 

made that the sludge level was constant across the width and length of the chamber. The 

difference between the length to the bottom and the length to the top of the region where 

the probe emitted a sound was considered to represent the height of the sludge layer.  

 
Figure 4.2:  Sludge Gun® (Markland Specialty Engineering, 2002) 
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Once the location and height of the sludge layer was determined, the depth of sludge 

sampling was established, as half the distance between the bottom of the tank and the 

determined sludge–liquid interface. Sludge sampling was performed using the patented 

Coliwasa sampler, which is illustrated in Figure 4.3.  

 
  Figure 4.3: Sketch of patented Coliwasa sampler  

This sampler was used by first pulling the bottom plug tightly closed. Then, the sampler 

was slowly placed into the tank until it reached the bottom of the tank and subsequently 

raised until the bottom of the sampler was at the sludge sampling location. Next, the 

bottom plug of the sampler was released to allow the sampler to fill. The bottom plug of 

the sampler was then closed and slowly removed from the tank, and the sample collected 

in a clean bucket. This procedure was repeated until over 1.5 L of sample had been 

collected which was typically 5 separate grab samples in the same sampling location 

within the sludge layer. The sample within the bucket was then mixed to provide a 

Handle 

Bottom Plug 
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representative composite sample and poured into 6 sample bottles totaling 1.5 L of 

sludge. Duplicate samples were taken for all parameters and therefore the bottles were 

labelled as illustrated in Table 4.5.  

    Table 4.5: Sludge analysis performed at each site sampled 

Sample Sampling Location TS VS TSS VSS BOD TKN NH3 NO3 TP 

1A* 

1st chamber - midway 

between tank bottom 

and sludge/liquid 

interface 

X X X X X X X X X 

1B 

1st chamber -midway 

between tank bottom 

and sludge/liquid 

interface 

X X X X X X X X X 

2A 

Second chamber -

Midway between tank 

bottom and 

sludge/liquid 

interface 

X X X X X X X X X 

2B 

Second chamber -

Midway between tank 

bottom and 

sludge/liquid 

interface 

X X X X X X X X X 

*labeling notation number indicates which chamber while the letter indicates whether 

sample is first sample or the duplicate 

The lid was then replaced on the second chamber. The same procedure was followed for 

the investigation and sampling of the first chamber. Sampling of the second chamber was 

conducted prior to the first chamber to prevent potential contamination of the second 

chamber samples by solids carry-over as a result of the sampling process within the first 

chamber. When sampling was completed any remaining sludge from either chamber was 

poured slowly back into the first chamber. The lids were then secured and the soil/sod 

was replaced leaving the site as undisturbed as possible. The paperwork (chain of 

custody) for the sludge samples was completed and the samples were then stored in a 
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cooler for transportation the accredited laboratory for analysis. This sampling procedure 

was repeated at each identified site location. Sample chemical analyses were conducted 

according to the American Public Health Association (APHA) and United States 

Environmental Protection Agency (USEPA) methods which included APHA 2540B for 

TS and VS, APHA 2540D for TSS and VSS, APHA 2510B for BOD, APHA 4500-N for 

TKN, APHA 4500-NH3 for NH3, and EPA 300.0(IC) for NO3, and APHA 4500-N for TP 

analysis. 

4.4.2. Data Analysis Approach 

The Wardsville data set was compiled and further analyzed using the JMP
®

 statistical 

software package (SAS Institute Inc., 2008). Any unusual results, which were identified 

during the statistical analysis, were further assessed. Otherwise the data were retained and 

the site information was re-evaluated with further investigation including contacting the 

residents to gather additional site information. 

As tank re-sampling was not feasible due to the associated disturbance created by each 

sampling event, duplicate samples were collected at each site. Samples were taken in both 

chambers of the tank, with sampling of the second chamber used to determine if there had 

been any solids carry-over. A full solids profile including TS, VS, TSS, and VSS was 

determined for each sample to provide an indication of the nature of the solids in each 

chamber. In addition, analyses for BOD, TN (TKN, NH3, and NO3), and TP, were 

conducted to establish the nutrient content of the solids sampled. Determination of the 

nutrient fraction is useful to establish whether the potential exists for further 
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biodegradation of the sludge, which could lead to the development of methods to 

minimize the accumulation of solids within the tank. 

The sample analyses were performed in duplicate by the ALS Laboratory Group in 

London, ON which has a CALA (Canadian Association for Laboratory Accredited) 

accreditation.  To assess the consistency of the measurements, duplicate samples were 

collected for each measured quantity and sent for analysis is separate and blindly labeled 

sample bottles.  The results of various quantities were plotted against each other as can be 

seen in example graph in Figure 4.4.  

 
Figure 4.4: Fit of 1st chamber sample 1 VS by 1st chamber sample 2 VS 

These plots can be used to identify potential quality control concerns associated with 

sample collection and/or analysis. Ideally, if the duplicate values were identical, the pairs 

of points would lie on a trend line having a slope of 1, as seen in Figure 4.4. Deviations 

from this ideal can indicate possible errors in the data either due to sampling or analysis, 

and the impact of noise. For example, points fairly scattered about a trend line of slope 1 
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would indicate more variability being present in the data. Alternatively, points tightly 

clustered about a trend line with slope 1 for smaller values, but more scattered for higher 

values would indicate that the precision of the measurement/sampling procedure was not 

constant; i.e., measurements of characteristics at lower values are more precise and 

consistent than the measurements at high values. Finally, these plots can also be useful in 

identifying possible outliers, which would lie far from the trend line. For this study the 

trends in all bivariate plots of duplicate samples were linear with the data showing some 

minor spreading, and the slopes in the majority of the relationships were close to 1. 

Nonlinear behaviour or slopes differing from 1 would be indicative of proportional bias 

in the measurements or some other unwanted influence.On the basis of the bivariate 

scatterplots, the conclusion was reached that the measured values were generally 

consistent and reliable, and that the averages of the duplicate measurements could be 

used for the remainder of the analysis.   

The statistical distributions of the measured characteristics were summarized using box 

plots generated with the JMP
®

 statistical software. Box plots indicate both the nature of 

the distribution of the characteristics (e.g., normally distributed, long tails), as well as 

allowing possible outliers to be identified visually. An example of a box plot can be seen 

in Figure 4.5. This type of visual analysis also allows for the determination of whether 

outlier values identified for different variables can be attributed to the same site. If a large 

number of outliers were associated with the same site, then it would be necessary to 

isolate or remove the site from the data set, if it can be determined that there are 

systematic issues with the data from the given site.   
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Figure 4.5: Frequency distribution of second chamber’s pH for all sites sampled 

represented in a box plot 

Once a thorough examination of the data was completed, trends were identified between 

accumulated sludge height and other measured variables from the collected information, 

including data gathered from the municipality of Southwest Middlesex on the water 

usage for each of the sites sampled. The JMP
®

 software was utilized to produce matrix 

scatter plots and pairwise linear correlations of the variables for the first and second 

chambers. Matrix scatter plots allow for the visualization of a large number of plots of 

multiple variables to determine whether there is any indication of systematic trends 

between these variables. Scatter plots can also provide insights to identify potential 

outlier data. In JMP
®

, scatter plots are accompanied by correlation values for each 

relationship which can provide an indication of the strength of the linear relationship 

trends between the different variables. A visual assessment of the scatter plot matrix can 

also indicate the presence of nonlinear trends. Although the correlation values are useful, 

they should be used in conjunction with the plotted data to provide a more comprehensive 
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indication of observed trends and, in particular, to identify whether the trend is linear or 

not, and the strength of the trend (scattered data points versus clustered). In this study, the 

response of interest was scum plus sludge accumulation rate (and/or scum or sludge 

volume) within each chamber. In particular, trends among sludge accumulation and solids 

and nutrient characteristics, and site characteristics (number of people per site, number of 

children, water usage and so forth) were identified. The next step in the analysis would 

involve the estimation of models for the first and second chambers. If there were an 

indication of the presence of systematic trends in the scatter plots to generate a first 

estimate of model parameters, the model could then be used to estimate sludge 

accumulation rates and establish pumping frequencies based on easily measurable 

parameters and operating conditions. 

4.5. Results  

Once the community survey was completed, a review of the responses was conducted and 

29 sites were selected for the onsite system investigation based on a number of factors 

including willingness to participate, ease of access to the tank on site and number of 

persons per site.  Table 4.6 summarizes some of the information collected during the pre-

sampling process of the study. The entire data set can be found in Appendix A.2. It can 

be seen that the average number of adults inhabiting the residences where the 29 tanks 

were sampled in Wardsville was less than 2, and that the average number of children per 

site was 0.5. The water usage values were calculated using the water usage data collected 

since the onset of individual residence water metering in Wardsville in early 2006.  
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Table 4.6: Wardsville clarifier tank usage information (+/- 1 standard deviation)  

 

Operating time of tank 

from installation to 

sampling 

Number 

of adults 

per site 

number of 

children 

per site 

Total number 

of people per 

site 

Water 

Usage 

 Days    L/person/d 

Average 2577±38 1.8±0.4 0.5±1.2 2.3±1.3 210±110 

Minimum 2481 1.0 0.0 1.0 20 

Maximum 2644 2.0 5.0 7.0 470 

Median 2577 2.0 0.0 2.0 220 

In Figure 4.6, the data collected for annual scum plus sludge heights at each sampled site 

have been plotted with averages indicated for each chamber. The figure shows that there 

is considerable variability in the height measurements and, as a result, prediction of the 

rate of sludge accumulation is likely to be highly variable. The data collected represents a 

snapshot of the sludge accumulation and characteristics at a particular point in time. The 

other implied data point is that associated with the original installation, when there would 

have been no accumulation. In order to obtain additional insight into the accumulation 

rate behaviour, it would be necessary to revisit the tanks after several more years had 

elapsed, as in the study conducted by Philip et al. (1993).  
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Figure 4.6: Scum plus sludge volume (L/yr) accumulation in 1

st
 and 2

nd
 chamber for 

August 2007 sampling of Wardsville Ontario 3600L primary clarifier tanks 

The pump out period for removing sludge and scum accumulated in the first and second 

chambers was estimated using the 30% volume of the liquid level in the tank as the 

threshold point, as this was the most conservative pump out height found from the 

literature. Traditionally, only the first chamber is pumped for septic tanks, as it is 

assumed that if the solids are removed frequently enough from the first chamber, then 

few solids will be transferred to the 2nd chamber. However, to our knowledge no studies 

have conclusively demonstrated that all solids can be retained within the first chamber, 

and for this reason the second chamber was included in this study.  As no information 

could be located on the solids removal requirements for the second chamber in this study, 

the solids pump out was assumed to be required once the sludge and scum levels had 
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accumulated to this threshold in either of the chambers. Data for the sludge accumulation 

rate were then used to compute a pump out period based on the number of people per site. 

It should be noted that the following calculations are specific to the 3600 L tank and the 

pump out period and pump out period calculations would vary depending on tank volume 

and dimensions. The pump out period required for the first chamber was calculated for 

each site, and from the set of periods over all sites, the average pump out period was 

determined to be 10.1 years with a standard deviation of 7.1 years (Table 4.7). Next, the 

pump out periods for the second chamber were calculated for each site, with the 

estimated average pump out period determined to be 49.4 years with a standard deviation 

of 60.3 years (Table 4.7).  

Table 4.7: 1
st
 and 2

nd
 chamber pump out period using 2007 data set for Wardsville, 

Ontario scum plus sludge data set (+/- 1 standard deviation)  

1
st
 Chamber 1

st
 Chamber  2

nd
 Chamber 

 yr Yr 

Average 10.1±7.1 49.4±60.3 

Minimum 4.1 6.9 

Maximum 30.5 273.8 

Median 7.7 25.7 

  

From these results, it is clear that sludge accumulation in the first chamber is the limiting 

factor determining when the tanks should be pumped out. To obtain the most 

conservative value for a pump out period, the site with the highest scum plus sludge 

accumulation rate in a single chamber was employed (site 11) and the pump out period 

was estimated to be 4.1 years. On a per person basis for site 11, the scum plus sludge 

accumulation rate was 27.7 L/yr/person which relates to a pump out period of 28.7 years 

per person. The site with the highest scum plus sludge accumulation rate on a per person 
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basis for the first chamber was site 5, with a value of 122.3 L/yr/person which relates to a 

pump out period of 6.5 years per person. In the second chamber, the highest value of 

scum plus sludge height accumulation rate was found at site 24, with a corresponding 

pump out period of 6.9 years per person. On a per person basis, the maximum scum plus 

sludge accumulation rate was also observed at site 24 with 41.8 L/yr/person which relates 

to a pump out period of 6.9 years per person since there was only one person at this site. 

Tables 4.8-4.10 show an overview of the average of the scum and sludge results collected 

from the 29 sites sampled. 

Table 4.8: Sludge accumulation rate using 2007 data set for Wardsville, Ontario (+/- 1 

standard deviation) 

 1st chamber 2nd chamber 

Units L/yr L/yr/person 

(L sludge/yr)/ 

(m
3
water 

used/yr) 

L/yr L/yr/person 

(L sludge/yr)/ 

(m
3
water 

used/yr) 

Average 79.9±40.7 39.7±22.3 0.8±0.8 12.9±10.1 6.4±5.5 0.2±0.4 

Minimum 20.3 10.2 0.2 10.1 0.0 0.0 

Maximum 161.7 86.9 3.1 0.0 20.9 1.9 

Median 80.6 37.2 0.5 10.8 5.4 0.1 

 

Table 4.9: Estimated scum accumulation rate using 2007 data set for Wardsville, Ontario 

(+/- 1 standard deviation) 

 1st chamber 2nd chamber 

Units L/yr L/yr/person 
L scum/m

3
 

water used/yr 
L/yr L/yr/person 

L scum/m
3
 

water used/yr 

Average 28.8±31.0 12.7±14.3 0.2±0.2 0.8±3.9 0.8±3.9 0.5±2.6 

Minimum 0.0 0.0 0.0 0.0 0.00 0.0 

Maximum 88.1 51.0 0.7 20.9 20.9 13.7 

Median 14.9 7.3 0.2 0.0 0.0 0.0 
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Table 4.10: Scum plus sludge accumulation rate using 2007 data set for Wardsville, 

Ontario (+/- 1 standard deviation) 

 1st chamber 2nd chamber 

Units L/yr L/yr/person 

L scum 

+sludge/m
3
 

water 

used/yr 

L/yr L/yr/person 

L scum+ 

sludge/m
3
 

water 

used/yr 

Average 108.7±52.8 52.4±26.0 1.0±0.8 13.5±11.3 7.1±8.1 0.2±0.7 

Minimum 26.0 14.9 0.1 0.0 0.0 0.0 

Maximum 193.6 122.3 3.6 41.9 41.9 3.8 

Median 103.0 44.1 0.7 10.8 5.4 0.1 

From Table 4.8, it can be seen that the average sludge accumulation rate of 39.7±22.3 

L/yr/person is lower than that reported in all but one of the previous studies (Table 4.3), 

while the average first chamber scum plus sludge accumulation data at 52.4±26.0 

L/yr/person (Table 4.10) is in the lower range of average results reported (Table 4.3). In 

general, the sludge accumulation rates reported in this study were lower than in 

previously discussed studies, which could be the result of a number of factors including 

sampling methods, usage patterns at the sites and higher sludge age within the tank at the 

time of sampling. Examination of the results for the estimated scum accumulation rates 

provided in Table 4.8 indicates that the omission of the scum accumulation in the overall 

accumulation rate calculations could result in an underestimation of pump out period.  

Further analysis of the data set was undertaken to determine whether there were any 

relationships between sludge and scum accumulation in the chambers and the variables 

measured in each chamber. These relationships could provide additional insights into the 

potential for further biodegradation of the accumulated solids. This phase of the study 

involved a comprehensive analysis of the Wardsville data set using the statistical 
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software package JMP
®

 (2008, SAS Institute Inc.). JMP
®

 is used in many Six Sigma 

corporate programs and allows for more rigorous data analysis. 

The trend in all plots was found to be linear and despite some spread of the data, the 

majority of the relationships between pairs of duplicate measurements were found to be 

linear with slopes close to 1, which would imply that the measurements were generally 

consistent and that the averages of the duplicate measurements could be used for the 

remainder of the analysis. The averages of the sludge characteristics are summarized in 

Tables 4.11 to 4.14.  

Table 4.11:  1st chamber solids characteristics from August 2007 data set for Wardsville, 

Ontario (+/- 1 standard deviation) 

 
TS VS TSS VSS 

VSS/TSS 

Ratio 

 g/L g/L g/L g/L  

Average 49.2±17.5 35.8±9.73 61.9±41.9 44.3±27.6 0.7±0.1 

Minimum 24.7 20.5 23.0 19.2 0.5 

Maximum 109.5 58.5 185.0 137.3 0.9 

Median 45.0 35.1 44.5 36.8 0.8 

Table 4.12: 2nd chamber solids characteristics from August 2007 data set for Wardsville, 

Ontario (+/- 1 standard deviation) 

 
TS VS TSS VSS 

VSS/TSS 

Ratio 

 g/L g/L g/L g/L  

Average 31.3±30.3 18.0±12.6 39.0±44.5 22.2±19.5 0.6±0.1 

Minimum 7.2 4.7 6.4 4.5 0.2 

Maximum 166.0 58.4 230.0 84.2 0.9 

Median 20.6 12.8 28.0 15.4 0.6 
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Table 4.13: 1st chamber- pH, BOD, nitrogen and phosphorous sludge characteristics from 

August 2007 data set for Wardsville, Ontario (+/- 1 standard deviation) 

 Temperatur

e 
pH BOD NH3-N 

NO3-

N 
TKN TP 

 
o
C  mg/L mg/L mg/

L mg/L mg/L 

Average 
24.6±2.3 6.7±0.

3 

5760±399

7 

279±11

1 <1 

1025±57

3 

336±21

1 

Minimum 21.4 5.4 1445 125 <1 266 72 

Maximu

m 

30.7 

7.2 16000 550 

<1 

2795 845 

Median 24.6 6.7 3950 275 <1 980 290 

Table 4.14: 2nd chamber – pH, BOD, nitrogen and phosphorous sludge characteristics 

from August 2007 data set for Wardsville, Ontario (+/- 1 standard deviation) 

 
Temperature pH BOD NH3-N 

NO3-

N 
TKN TP 

 
o
C  Mg/L mg/L mg/L mg/L mg/L 

Average 23.7±1.4 6.7±0.2 3637±3644 203±97 <1 572±221 186±138 

Minimum 19.6 6.3 531 74 <1 258 42 

Maximum 25.5 7.1 18550 620 <1 1090 568 

Median 23.7 6.7 2375 190 <1 580 135 

A comparison of the results of this study to those reported by Kinsley et al. (2005) and 

Philip et al. (1993) in which parameters including pH, VS and TS in the first chamber 

were also analyzed, indicates that these parameters were within the range of values 

reported in previous studies. Comparing the characteristics of sludge from this study to 

those reported by the USEPA (Table 4.4) indicates that the most notable difference was 

the NH3-N concentrations in both chambers which were much higher than the average 

reported USEPA values. In the case of the first chamber, the values from this study were 

close to 3 times above the average USEPA value. This high concentration could have an 

impact on the sludge accumulation rate. NH3-N is an essential nutrient that benefits 

anaerobic digestion at a concentration of 200 mg/L or less (Chen et al., 2008). However, 
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NH3-N can also cause inhibition of the digestion process at higher concentrations, as the 

methanogenic microorganisms required for anaerobic digestion are the most sensitive to 

NH3-N concentration (Chen et al., 2008). The average concentrations of NH3-N in this 

study for both chambers were greater than 200 mg/L and therefore it is possible that 

inhibition could occur as a result. Further analysis performed on the results of this study 

will also provide an indication of whether ammonia is affecting the digestion of the 

sludge within the tank.  

The BOD:TN:TP ratio is considered to be a key nutrient ratio with a typical value of 

100:5:1 considered to be optimal for microorganisms within aerobic activated sludge 

processes. No similar reported ratio could be found for anaerobic processes. However, 

considering the average characteristics of domestic sludge given in the USEPA Onsite 

Wastewater Treatment Systems Manual, a BOD:TN:TP ration of 30.9:2.8:1.0 (USEPA, 

2002) can be estimated. From the Wardsville study, ratios of 17.1:3.1:1.0 for the first 

chamber and 19.6:3.1:1.0 for the second chamber were obtained, demonstrating that there 

is a lower BOD value for septage in this study compared to the average reported by the 

USEPA.  

The temperature of the septage in the chambers is influenced by both the temperature of 

the water entering the tank and the temperature of the surrounding environment. 

Typically, since the plugs of water entering the tank constitute a very small portion of the 

total liquid volume of the tank, the surrounding environment is likely to have a greater 

effect on the liquid temperature. Temperatures were measured in the upper liquid portion 

of both chambers of each of the tanks sampled throughout the August study and these 
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represent a snapshot of the temperature within the tank. However, as these samples were 

collected during one of the warmest months of the year in Ontario, it was assumed that 

these temperatures were in the upper range of the temperatures reached within the 

chambers on an annual basis. The average temperature results for the chambers were not 

found to be significantly different with values of 24.6
o
C ± 2.3 and 23.7

o
C ± 1.4 for the 

first and second, respectively. Temperature has an effect on many aspects of wastewater 

treatment and sludge digestion including: metabolic activity, gas transfer rates and solids 

settling characteristics. Although optimum growth temperature conditions for anaerobic 

organisms are generally reported to be above 20
o
C, there have been no reported 

temperatures at which sludge digestion is completely inhibited. However, at temperatures 

below 10
o
C, the reproduction times of the organisms could slow to longer than 50 days, 

compared to 3 days at 35
o
C (Jewell, 1987).  

JMP
® 

was used to identify systematic trends between sludge accumulation and other 

variables. In particular, trends were examined between sludge accumulation, solids 

characteristics (TS, VS, TSS, VSS, BOD, TKN, NH3, NO3 and TP), and site 

characteristics (number of people per site, number of children, water usage and so 

forth). Determining relationships between sludge accumulation and easily measurable 

variables would allow for models to be used to more accurately predict the period of 

pump out for similar tank designs and operating conditions, and would provide a clearer 

indication of the factors influencing the sludge accumulation rate. The first step in the 

statistical analysis was to identify the factors that were correlated with sludge 

accumulation levels. For correlations, “statistical significance” addresses the question of 

whether the correlation could plausibly be 0 – if the correlation could plausibly be zero, 
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this suggests that there is no systematic linear relationship between two variables. 

Statistically significant correlations indicate the potential for systematic linear 

relationships between two variables. Tables 4.15 and 4.16 summarize various indicators 

of scum and sludge accumulation along with the factors that were found to have a pair 

wise correlation that is statistically significant at the 5% significance level. The 

correlation values for each pairing indicate the strength of the linear correlation between 

the two parameters within the data set. For example, the first chamber scum plus sludge 

scum height increase per year (L/yr) has a statistically significant, positive linear 

relationship with all the explanatory variables: total number of people per site, number of 

adults per site, first chamber BOD:TP ratio, and number of children per site. The first 

chamber scum plus sludge accumulation volume per year (L/yr) increases as the total 

number of people (adults and children) and first chamber ratio of BOD:TP increases. A 

negative correlation, as is found in the case of  first chamber  pump out period (yr) and 

number of adults, number of people per site, the second chamber VSS/TSS and the 

second chamber VS (%), indicates that the first chamber pump out period (yr) decreases 

as the above explanatory variable values increase. Tables 4.15 and 4.16 serve to illustrate 

the parameters that have a significant effect on the scum, sludge and scum plus sludge 

accumulation within the first and second chamber. The explanatory variables in Tables 

5.14 and 5.15 are sorted by those having the most significant probability of impacting 

each response variable. 

The next step in the analysis was to attempt to estimate models for the first and second 

chamber scum and sludge accumulation rates. The responses in the model were the 

variables listed in the first column of Tables 4.15 and 4.16 related to sludge and/or scum 
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accumulation, while the explanatory variable were those in the second column used to 

generate a first estimation of the model. Models were estimated individually and several 

model iterations were conducted for each of the various response variables. Initially, all 

of the explanatory variables in Tables 4.15 and 4.16 were included, but then removed if 

the parameter estimates in the model were not statistically significant at the 5% 

significance level. Additionally, the quality of fit provided by the estimated models was 

assessed using a number of standard diagnostics (R
2
, adjusted-R

2
, and the mean square 

regression (MSR) ratio). The R
2
 and R

2
 adjusted give an indication of the correlation 

between the observed and the predicted values and provide a coarse indication of the 

quality of the fit. Low values of R
2
 and R

2
 adjusted could be due to excessive variability 

relative to the trend in the data. This sometimes arises when historical data are used rather 

than data from statistically-designed experiments – the Wardsville data set represents 

historical data. A statistically-designed experimental program for the septic systems 

would require a program of intentional changes in loadings and input characteristics 

monitored over a period of years. The MSR ratio indicates trends explained by the model 

relative to noise. This ratio should be significant at the 25% or 5% level for significant 

trend to have been recognized. 

Using these diagnostics, three acceptable estimated models were developed from the data 

set and are presented as Equations (4.1), (4.2) and (4.3) for the first chamber scum plus 

sludge accumulation rate ((L sludge/yr)/(m3 water/yr)), the first chamber sludge 

accumulation ((L sludge/yr)/(m3 water/yr)), and the second chamber scum plus sludge 

accumulation rate (L sludge/yr), respectively. These model estimates were developed 

from 23 sets of site data out of the 29 potential sites. Six randomly selected data points 
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were removed from the model estimates for validation purposes, allowing the 

effectiveness of the model estimates to be tested by examining the extent to which 

predictions of the points that had been set aside matched the measured response values 

(i.e. scum plus sludge accumulation rate). Ideally, this plot should have a slope of 1 with 

points clustered tightly about this line, indicating that the validation predictions and 

actual values closely matched one another. 
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Table 4.15:  1
st
 chamber parameter correlations with a 5% significance level from 2007 

data set for Wardsville, Ontario 
Response 

Variable 

Explanatory Variables Correlation 

Number of 

data points 

1st chamber 

pump out period 

(yr) 

Number of adults per site -0.52 29 

Total number of people per site -0.42 29 

2nd chamber VSS/TSS ratio -0.39 29 

2nd chamber VS (g/L) -0.37 29 

1st chamber 

scum plus sludge 

height per year 

(L sludge/m3 

water/yr) 

Water Use Data per person 

(m
3
/d/person) 

-0.71 29 

Water Flow from water meter data 

per site (m
3
/d) 

-0.64 29 

2nd chamber Temperature (
o
C) -0.47 21 

1st chamber 

scum plus sludge 

height per year 

(L/yr) 

Total number of people per site 0.51 29 

Number of adults per site 0.46 29 

1st chamber BOD:TP ratio 0.39 29 

Number of children per site 0.4 26 

1st chamber 

scum 

accumulation 

rate (L/yr/capita) 

1st chamber NH3-N (mg/L) -0.42 29 

1st chamber TKN (mg/L) -0.37 29 

2007 1st 

chamber scum 

accumulation 

rate ((L 

sludge/yr)/(m3 

water/yr)) 

1st chamber   TP (mg/L) -0.42 29 

2nd chamber TN:TP ratio -0.41 29 

1st chamber  TKN (mg/L) -0.38 29 

1st chamber  NH3-N (mg/L) -0.38 29 

1st chamber TS (g/L) -0.37 29 

1st chamber 

sludge 

accumulation 

rate 

(L/person/yr) 

 

1st chamber  TP (mg/L) 0.56 29 

2nd chamber TN:TP ratio -0.49 29 

2nd chamber  TP (mg/L) 0.48 29 

1st chamber  NH3-N (mg/L) 0.47 29 

1st chamber TN:TP -0.46 29 

2nd chamber  NH3-N (mg/L) 0.44 29 

2nd chamber  VSS (mg/L) 0.43 29 

2nd chamber TS (g/L) 0.42 29 

1st chamber Ratio VSS/TSS -0.4 29 

1st chamber  TKN (mg/L) 0.39 29 

2nd chamber  TSS (mg/L) 0.37 29 

1st chamber 

sludge 

accumulation 

rate ((L 

sludge/yr)/(m3 

water/yr)) 

water usage per person (m
3
/d/person) -0.7 29 

2nd chamber Temperature (
o
C) -0.56 21 

1st chamber  NH3-N (mg/L) 0.39 29 
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Table 4.16: 2
nd

 chamber parameter correlations with 5% significance level from 2007 

data set for Wardsville, Ontario 
Response 

Variable 
Explanatory Variables Correlation 

Number of 

data points 

2007 2nd 

chamber pump 

out frequency 

(yr) 

 

1st chamber sludge accumulation rate (L/yr) -0.64 28 

1st chamber pump out frequency (yr) 0.57 28 

1st chamber sludge accumulation rate 

(L/person/yr) 
-0.56 28 

1st chamber sludge+scum  (L/yr) -0.48 28 

2nd chamber TN:TP ratio 0.44 28 

1st chamber TN:TP ratio 0.42 28 

1st chamber pump out frequency 

(yr-person) 
0.4 28 

2nd chamber  TP (mg/L) -0.39 28 

2nd chamber  NH3-N (mg/L) -0.38 28 

1st chamber volume of scum (L) -0.38 28 

2nd chamber  VSS (mg/L) -0.38 28 

2nd chamber 

scum plus sludge 

increase per year 

(L sluge/m
3
 

water/yr) 

 

1st chamber scum accumulation rate (L/m
3
 

water/yr) 
0.99 29 

1st chamber sludge accumulation rate (L 

sludge/m
3
 water/yr) 

0.99 29 

1st chamber scum accumulation rate (L/yr) 0.99 29 

1st chamber sludge accumulation rate 

(L/person/yr) 
0.56 29 

1st chamber pump out frequency (yr) 0.53 29 

1st chamber  TP (mg/L) 0.47 29 

1st chamber sludge accumulation rate (L 

sludge/m
3
 water/d) 

0.43 29 

1st chamber scum plus sludge accumulation 

rate 

(L sludge/m
3
 water/yr) 

0.39 29 

2nd chamber 

scum plus sludge 

height increase 

per year (L/yr) 

 

1st chamber sludge accumulation rate (L/yr) 0.94 29 

1st chamber sludge accumulation rate 

(L/person/yr) 
0.92 29 

1st chamber sludge accumulation rate (L 

sludge/m
3
 water/yr) 

0.6 29 

1st chamber scum accumulation rate (L/m
3
 

water/yr) 
0.48 29 

1st chamber scum accumulation rate (L/yr) 0.47 29 

2nd chamber  TP (mg/L) 0.46 29 

2nd chamber TS (g/L) 0.43 29 

1st chamber TN:TP ratio -0.43 29 

1st chamber  TP (mg/L) 0.42 29 

2nd chamber  NH3-N (mg/L) 0.39 29 

2nd chamber TN:TP ratio -0.49 29 
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Table 4.16 (continued): 2
nd

 chamber parameter correlations with 5% significance level 

from 2007 data set for Wardsville, Ontario 
Response 

Variable 
Explanatory Variables Correlation 

Number of 

data points 

2nd chamber 

sludge 

accumulation rate 

((L 

sludge/yr)/(m3 

water/yr)) 

 

1st chamber sludge accumulation rate 

(L sludge/m
3
 water/yr) 

1 29 

1st chamber scum accumulation rate 

(L/m
3
 water/yr) 

0.98 29 

1st chamber scum accumulation rate 

(L/yr) 
0.97 29 

1st chamber sludge accumulation rate 

(L/person/yr) 
0.61 29 

1st chamber pump out frequency (yr) 0.49 29 

1st chamber  TP (mg/L) 0.48 29 

1st chamber sludge accumulation rate 

(L sludge/m
3
 water/d) 

0.46 29 

1st chamber sludge+scum 

accumulation (L sludge/m
3
 water/yr) 

0.44 29 

water flow from water flow data per 

person (m
3
/d/person) 

-0.39 29 

The first model estimates the first chamber scum plus sludge accumulation rate in (L 

sludge/yr)/(m
3 

water/yr) utilizing the water usage data collected as the explanatory 

variable as is shown in Equation (4.1).  

y = e
(0.893 – 5.315Q) 

                          (4.1) 

where y is the first chamber scum plus sludge accumulation in (L sludge/yr)/(m3 

water/yr) and Q is the water usage per person in m
3
/person/d. The model was initially 

estimated as a linear model in Q, however after initial model estimates indicated the 

possibility of a nonlinear relationship between y (first chamber scum plus sludge ((L 

sludge/yr)/(m
3 

water/yr)) and Q (water usage in m
3
/person/d), a plot of ln(y) versus Q was 

constructed. Using a linear regression model predicting ln(y) as a function of Q provided 

the best fit. This resulting model was then inverted to obtain the exponential model 
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shown in Equation (4.1). This model estimate has an R
2
 of 0.62, R

2
 adjusted of 0.60, and 

an MSR ratio value of 34.7 that is strongly significant at the 5% level. The parameter 

estimates (water usage (Q) and the intercept value) included in Equation (4.1) were also 

found to be strongly significant at the 5% level. The model quality of fit indicators, which 

can be seen in full in Appendix A.3, suggest that the model developed in Equation (4.1) 

provides an adequate fit to the data.  

The plot of actual versus predicted observations for the 6 random sites omitted from the 

model development is shown in Figure 4.7, which presents both the plotted line and a 

guide line with a slope of 1. As the figure shows, the data points are well distributed 

around the fitted line, which has a slope of 1.06, is close to the ideal slope of 1, which 

would also indicate that this model provides a good prediction of scum plus sludge 

accumulation within the first chamber. The fitted line between observed and predicted 

values is shifted from the line with slope of 1 passing through the origin, indicating that 

there is bias in some of the predictions, notably validation points 2-4, for which the model 

is over-predicting the sludge accumulations.  
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Figure 4.7: Actual versus validation predictions for the 1

st
 chamber scum plus sludge 

accumulation ((L sludge/yr)/(m3 water/yr)) for 6 random sites not included in model 

development from 2007 data set for Wardsville, Ontario 

 

The second model developed for the first chamber from the data set was for the sludge 

accumulation rate ((L sludge/yr)/(m
3 

water/yr) in terms of the water usage per capita as is 

seen in Equation (4.2).  

y = 1.71 – 5.32Q + 20.39(Q-0.22)
2
           (4.2) 

where y is the first chamber sludge accumulation in (L sludge/yr)/(m
3
/yr) water and Q is 

the water usage per person in m
3
/person/d. The model was estimated first as a linear 

model estimate with all parameters in Table 4.15 that had a 5% statistical significance or 
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greater.  Several iterations of models were estimated and parameters were removed from 

subsequent models when they were deemed not statistically significant.  The initial model 

estimates indicated that there was the possibility of a quadratic relationship between y 

(sludge accumulation in (L sludge/yr)/(m
3
/yr) and Q (water usage in m

3
/person/d). This 

estimated model,  shown in Equation (4.2), has an R
2
 of 0.61, R

2
 adjusted of 0.57, and an 

MSR ratio of 15.72 which is strongly significant (Prob>F of <0.0001). Additionally, the 

parameter estimates (water usage (Q), and the intercept value) included in Equation (4.2) 

were also found to be strongly significant at the 5% level. Hence, it was confirmed that 

the quadratic model estimated was the best fit. Additional details of the estimated models 

can be viewed in Appendix A.4. 
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Figure 4.8: Actual vs predicted values for model estimate 1

st
 chamber sludge 

accumulation ((L sludge/yr)/(m
3 

water/d)) for 6 random sites not included in model 

development from 2007 data set for Wardsville, Ontario 

 

The plot of actual versus validation predictions for the 6 sites omitted from the model 

development is shown in Figure 4.8. The figure shows two lines, a linear fit of observed 

versus predicted values based on the data points, and a guide line with a slope of 1. There 

are several data points that skewed this line away from the ideal slope of 1. Even with the 

outlier data points, the slope of this plot is 0.86, which indicates that the sludge 

accumulation rate (L sludge/yr)/(m
3
/yr) is well modeled by the equation developed 

(Equation (4.2)). The fact that both lines provide reasonable tracking of the validation 

points also reinforces the notion that water usage per capita is a major consideration when 
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trying to estimate the rate of sludge or scum plus sludge accumulation rate, as one would 

expect.    

The model development for the second chamber considered several fits using the 

responses and explanatory variables set out in Table 4.16. The final model was estimated 

for the second chamber scum plus sludge accumulation rate (L sludge/yr) and is 

presented in Equation (4.3):   

y = 1.85x +2.13             (4.3) 

where y is the second chamber scum plus sludge accumulation (L sludge/yr), and x is the 

first chamber sludge accumulation per capita (L sludge/person/yr). The slope estimate in 

Equation (4.3) was strongly significant at the 5% level. However, in this case, the 

intercept was not found to be significant but was retained in the model estimate to limit 

bias in the predictions. The model estimate has an R
2
 value of 0.78, R

2
 adjusted of 0.77, 

and an MSR ratio of 76.06 which is strongly significant with an outer tail probability 

Prob>F of <0.0001. All details of the model estimate can be seen in Appendix A.5. 

Figure 4.9 contains the plot of observed versus validation predictions plot for the 6 sites 

omitted for the model development, to determine whether the model can adequately 

estimate accumulations in the second chamber at other sites. Again, two lines are shown 

in Figure 4.9, the first is the linear fit of observed versus predicted values, and while the 

second is a line with a slope of 1. For the most part, the points follow the line with slope 

of 1, indicating that the model provides good predictions of the validation data points. 

The fitted line has a slope of 0.89 indicating that the model fits the observed data fairly 
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well. On the basis of these diagnostics, the estimated model provides an adequate fit to 

the data, and provides good estimates of the validation data.  

 
Figure 4.9: Actual vs predicted values for model estimate of the 2

nd
 chamber sludge 

accumulation in L/yr from 2007 data set for Wardsville, Ontario 

From the three estimated models, it is evident that the water usage per capita per day can 

be used to predict sludge and scum accumulation within the first chamber. Moreover, this 

water usage can be thought of as an indicator for the sludge and scum accumulation, 

which is fortunate because water usage per capita per day can be measured quite readily 

and in a non-invasive way (as opposed to measuring accumulation in the septic system). 

Water usage is already monitored for some sites with decentralized wastewater treatment, 
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as is the case for the sites in this study, and it could be an effective explanatory variable 

used more widely in order to effectively determine when a tank should be pumped out. 

Furthermore, since the scum plus sludge accumulation within the second chamber can be 

effectively estimated based on the sludge accumulation rate within the first chamber, the 

second chamber scum plus sludge accumulation rate directly relates to the rate of 

accumulation within the first chamber. 

4.6. Conclusion 

The determination of accumulation rates of solids within septic systems is an important 

operational parameter for all decentralized wastewater systems. The need for a 

standardization of methods was established from a comprehensive review of the available 

literature and previous studies on these systems, for which methodologies were not 

available to determine the sludge accumulation rate and sludge characteristics in onsite 

primary clarifier tanks. The approach developed for this sludge accumulation study 

included a survey of the residents of the community; the selection of a number of sites 

that were representative of a wide range of operating conditions; the collection of onsite 

solids samples, the chemical analysis of these samples followed by data analysis and 

interpretation. Additionally, the proper choice of the frequency of solids removal from 

the tank can impact not only the efficiency of the systems, but also protect the 

downstream wastewater treatment from failure which can lead to potential detrimental 

effects on human health and the environment. This study has investigated a number of the 

sludge characteristics and septic tank operational variables. Through a statistical analysis 

of these variables along with the solids accumulation rates, it has been possible to gain a 
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greater understanding of some of the variables that directly impact the accumulation of 

solids within the first and second chambers of the tank.  
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CHAPTER 5.  FOLLOW-UP INVESTIGATION OF SLUDGE 

ACCUMULATION AND CHARACTERSTICS OF THE WARDSVILLE, 

ONTARIO DECENTRALIZED COMMUNITY WASTEWATER 

TREATMENT SYSTEM 

5.1. Introduction 

In Chapter 4, the results of the study of decentralized, onsite primary clarifier tanks in 

Wardsville, Ontario were presented, and models for predicting the accumulation of 

sludge and scum in each of the two chambers were estimated from the data. The samples 

in this first study were collected in August 2007. The decision by the Wardsville 

community to pump the first chambers of all primary clarifier tanks connected to one of 

the pumping station in Wardsville afforded an additional opportunity to take samples and 

collect sludge accumulation information in April 2008. All of the primary clarifier tanks 

sampled during the 2007 and 2008 studies had the same dimensions and design (3600 L), 

as shown in Figure 4.1. The sampling program conducted in April 2008 examined the 

first chamber of 13 tanks, in contrast to the sampling of both chambers in 29 tanks in 

August 2007. The site selection for the April 2008 sampling event was determined as a 

result of maintenance requirements of the municipality, and out of the 13 tanks samples 

in April 2008 three (3) were also included in the study of 2007.  Although it was difficult 

to compare the data collected from the three (3) common sites due to the short time 

between sampling programs, a comparison to the previous results will be discussed.  

5.2. Methodology  

The methodology for the April 2008 sampling program was the same as that developed 

for the August 2007 study. The complete methodology for the primary clarifier tank 

inspection and sampling protocol can be found in the Examination of Sludge 
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Accumulation Rates and Sludge Characteristics for a Decentralized Community 

Wastewater Treatment System with Individual Primary Clarifier Tanks (Chapter 4), 

however since access to the primary clarifier tanks was limited to the first chamber, the 

second chamber was not sampled during the April 2008 sampling program. All 

inspections, sampling and analyses were performed using the same tools and procedures 

as previously described in Chapter 4. The 2008 sample analyses for TS, VS, TSS, VSS, 

BOD, TKN, NH3, and NO3, and TP were performed by ALS Laboratory Group, an 

accredited laboratory. 

Although the same procedures and methodologies were used for both the 2007 and 2008 

field investigation, there are several important differences that should be noted between 

the two sampling events. First, a smaller number of tanks were sampled, and of these, 

only the first chamber was investigated. In addition, the 2008 sampling program was 

undertaken in the spring, while the 2007 study was conducted at the end of the summer, 

in August. Thus, the environment (in terms of temperature) preceding the 2007 sampling 

program was warmer and therefore more conducive to biological activity, while the 

environment prior to the 2008 program was thought to be less conducive as a result of 

colder temperatures for the months preceding the site visit. 

The data analysis for the April 2008 sampling set was conducted using the same 

statistical software package JMP
®

 (SAS Institute Inc., 2008) used for the 2007 data set. 

The consistency of the measurements was evaluated by plotting the duplicate 

measurements of various quantities against each other. These plots can be used to identify 

potential quality control concerns associated with the sample collection and/or analysis. 
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Ideally, if the duplicate values were identical, the pairs of points would lie close to a trend 

line having a slope of 1. Deviations from this ideal can indicate possible problems with 

the data. For example, if the points are fairly scattered about the trend line of slope 1, this 

indicates more variability present in the data. Alternatively, if the points are tightly 

clustered about the trend line with slope 1 for small measurement values, but are more 

scattered for high values of the measurements, this indicates that the precision of the 

measurement/sampling procedure is not constant – measurements of characteristics at 

low values (e.g., small BOD values) are more precise and consistent than measurements 

at high values (e.g., high BOD values). Finally, these plots can also be used to identify 

possible outliers, or extreme data points, which will lie far from the trend line. 

The statistical distribution of the measured quantities is summarized using box plots an 

example of which is shown in Figure 4.5 in the previous chapter. The box plots indicate 

both the nature of the distribution of the characteristics (e.g., normally distributed, long 

tails), and they allow possible outliers to be identified visually. This analysis also allows 

for the determination of whether outlier values for different variables can be attributed to 

the same site. If a large number of outliers are associated with the same site, then it could 

be necessary to discount or remove the site from the data set, if it can be determined that 

there are systematic issues with the data from the given site. 

5.3. Results and Analysis  

A summary of the data collected from the April 2008 sludge sampling of the Wardsville 

primary clarifier tanks is presented in Tables 6.1-6.6. The complete data set for each of 

the sites can be found for each of the sites in Appendix A.6. The consistency of the 
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measurements was evaluated by plotting the duplicate measurements of various quantities 

against each other. These plots are also presented in Appendix A.6. The trend in all plots 

was linear and despite some spread of the data, the majority of the relationships between 

pairs of duplicate measurements were found to be linear with slopes close to 1, indicating 

that the measurements were generally consistent, and that the averages of the duplicate 

measurements can be used for the remainder of the analysis. The statistical distribution of 

the measured quantities was summarized using box plots. These box plots indicated that, 

although there were a number of outlier values, there was no noticeable association with 

any one site.  

Table 5.1 summarizes the number of people per site, and it can be seen that the majority 

of the sites were occupied by 2 adults with no children. Table 5.1 also contains data 

gathered for Wardsville from the municipality of Southwest Middlesex on the water 

usage per site sampled. The water usage was calculated based on water usage data 

compiled since the community was metered in early 2006.  

Table 5.1: April 2008 Wardsville primary clarifier tank usage information (± 1 standard 

deviation) 

 

Operating Time of 

tank from installation 

to sampling 

Number 

of adults 

per site 

Number of 

children 

per site 

Total Number 

of people per 

site 

Water 

Usage per 

person per 

day 

 Days    L/person/d 

Average 2805±2 2.1±0.5 0.3±0.8 2.4±0.9 270±170 
Minimum 2801 1.0 0.0 1.0 100 
Maximum 2806 3.0 2.0 4.0 630 

Median 2806 2.0 0.0 2.0 220 
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An estimation of the frequency with which the sludge and scum accumulated within the 

first chamber would need to be pumped was computed using a 30% height of the liquid 

level in the tank as a conservative pump out threshold point. The sludge accumulation 

rate as well as the per person rate of sludge accumulation data were then used to compute 

a pump out period based on the number of people per site.  

Table 5.2 shows the estimated recommended pump out period based on the calculation of 

scum plus sludge accumulated within each chamber. The average calculated values 

provided in Table 5.2 indicate that the length of time required for the scum plus sludge 

height to reach the 30% height mark. The pump out period computed using the April 

2008 first chamber data set was estimated to be every 6.6 years (with a standard deviation 

of 2.9 years), while on a per person basis the average was calculated to be 16.3±9.9 years 

per person. The most conservative value for pump out period was based on the highest 

scum plus sludge accumulation rate in a single chamber. Using this value, the pump out 

period within the first chamber was found to be 2.3 years, or on a per person basis, 2.3 

years per person. Since there is only one resident at this site used for the calculation of 

pump out frequency based on the maximum scum plus sludge accumulation rate, the 

pump out frequency is the same for both cases.  

Table 5.2: April 2008 pump out period using scum plus sludge accumulation rate (+/- 1 

standard deviation) 

Units Yr 

Average 6.6±2.9 

Minimum 2.3 

Maximum 11.8 

Median 6.5 

 



 

171 

 

The pump out period calculation is based on the accumulations sludge and scum within 

the first chamber. In Figure 5.1, the data for the scum plus sludge volume per year at each 

site sampled from both the 2007 and 2008 sampling events is plotted with the average 

scum plus sludge accumulation rate (L/yr) for both site investigation periods. From 

Figure 5.1 it can be seen that there were three sites that were first sampled in August 

2007 and then again 8 months later in April 2008. The sites were given new site numbers 

so that the data collected in 2007 would not be confused with that collected in April 2008. 

In the Figures 5.2 to 5.5 the information gathered from these three sites are compared. 

Site 31 for 2008 was site 9 for the 2007 study and site 32 was site 8 for 2007, while site 

38 was site 26 for the 2007 study. In all cases, the observed 2008 sludge volume was 

substantially larger than that recorded in August 2007 as can be seen in Figure 5.1.  
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Figure 5.1: Scum plus sludge accumulation (L/yr) in 1

st
 chamber for 2007 and 2008 

sampling in Wardsville, Ontario 

Tables 5.3 to 5.6 provide an overview of the results of the 2008 sludge and scum 

characterization and accumulation field investigation. A discussion and analysis of the 

2007 sludge and scum characterization and accumulation data is provided in Tables 4.8 to 

4.11 and Table 4.13. Comparing the results of the 2007 and 2008 field investigations, it 

can be seen that the average sludge accumulation rate increased by 75.2% from 

79.9±40.7 L/yr in August 2007 to 140±96 L/yr in April 2008. In contrast, the scum 

accumulation rate decreased by 56.6% from 28.8±31.0 L/yr in August 2007 to 12.9±10.1 

L/yr in April 2008. The overall scum plus sludge accumulation rate increased by 40.8% 

from 108.7±52.8 L/yr in August 2007 to 153±91 L/yr in April 2008. 
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Table 5.3: April 2008 Wardsville 1
st
 chamber scum and sludge accumulation rate (+/- 1 

standard deviation) 

 Sludge Accumulation Rate Scum Accumulation Rate 

Units L/yr 
L/yr/ 

person 

(L 

sludge/yr)/

(m
3
 water 

used/yr) 

L/yr L/yr/person 

(L 

scum/yr)/ 

(m
3
 water 

used/yr) 

Average 140±96 76±89 0.9±0.7 12.5±13.1 5.5±6.3 0.07±0.09 

Minimum 40 19 0.1 0.0 0.0 0.0 

Maximum 344 344 2.6 40.5 20.3 0.3 

Median 108 45 0.6 10.5 0.2 0.0 

Table 5.4: April 2008 scum plus sludge accumulation rate (+/- 1 standard deviation) 

Units L/yr L/yr/person 
(L scum + sludge /yr)/ 

(m
3
 water used/yr) 

Average 153±91 81.4±87.3 0.9±0.7 

Minimum 67 18.9 0.2 

Maximum 344 343.8 2.6 

Median 121 54.0 0.7 

Table 5.5: April 2008 Wardsville 1
st
 chamber sludge analysis data (+/- 1 standard 

deviation) 

 TS VS TSS VSS 
Ratio 

VSS/TSS 

 g/L g/L mg/L mg/L  

Average 58.4±28.6 70.37±16.26 67.0±31.0 44.5±13.8 0.70±0.15 

Minimum 17.1 44.00 40.5 18.2 0.44 

Maximum 131.0 91.05 150.0 65.7 0.91 

Median 55.3 75.40 58.0 42.5 0.70 

Table 5.6: 2008 April Wardsville 1
st
 chamber - BOD, Nitrogen and Phosphorous sludge 

characteristics (+/- 1 standard deviation) 

 Temperature pH BOD COD NH3-N NO3-N TKN TP 

 
o
C  mg/L mg/L mg/L mg/L mg/L mg/L 

Average 
16.0±2.6 6.56±

0.26 
12669±

7428 
55131±

19760 224±150 <2 
1770±

857 
322±

431 
Minimum 12.9 5.96 2050 20550 66 <2 805 28 
Maximum 19.3 7.08 30000 82450 640 <2 3500 1510 
Median 15.9 6.60 12000 52050 225 <2 1700 160 
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Figure 5.1 shows that there are considerable differences in the height measurements 

between all sites for both sampling events. In addition, average height measurements 

were significantly higher in the 2008 data set, which could suggest seasonal effects as the 

2007 data set was collected at the end of the summer season (August), while the 2008 

data set was collected at the beginning of the spring season (April). This factor may 

contribute to a higher variability in the rate of sludge accumulation predictions. As well, 

parameters that have an effect on the accumulation rate are not monitored on an ongoing 

basis, but rather at one or two points in time, hence the data collected for both the August 

2007 and April 2008 represent a snapshot of the sludge accumulation and characteristics 

at a particular point in time.   

Comparing the 2007 and 2008 data sets, there is an evident trend in Figure 5.1 of higher 

average scum plus sludge volume per year, consistent with the data collected from three 

sites investigated during both field sampling events. In addition, from an examination of 

the differences in solid and nutrient characteristics of the sludge samples from the 2007 

and 2008 data sets, it is clear that there was a marked increase in several of the 

parameters from 2007 to 2008. Tables 5.3 to 5.6 contain the sludge characteristics for 

2008, while Figures 5.2 to 5.5 show the solids (TS, VS, TSS and VSS), BOD5, NH3-N, 

TKN, and TP concentrations for the three sites investigated in 2007 and 2008. The 2007 

sludge characteristics can be found in Tables 4.11 and  4.13 and are discussed in detail in 

Chapter 4. Examination of the solids information from the 2007 data set shows that the 

there was a substantial increase in the VS concentration from the 2007 to 2008 with an 

average VS concentration of 35.8±9.75 g/L in 2007 compared to an average of 70.4±16.3 

g/L in 2008. There was also an increase in the TS values from 2007 to 2008, however this 
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was compounded by a higher variability of these concentrations, with an average value of 

49.2±17.5 g/L in 2007 and an average value of 58.4±28.6 g/L in 2008. The remaining 

solids characteristics (TSS, VSS, and ratio of VSS/TSS) were not found to be 

substantially different from those reported in the 2007 study.  

A comparison between the nutrient characteristics of the sludge also indicated a large 

change in both the BOD and TKN values. The greatest increase between the 2007 and 

2008 data sets was noted in the average sludge BOD concentrations, with a 120% 

increase from 5760±3997 mg/L in August 2007 to 12669±7428 mg/L in April 2008. In 

addition the average TKN concentrations within the sludge increased 42.1% from 

1025±573 mg/L to 1770±857 mg/L. In contrast, the average NH3-N concentration within 

the sludge decreased 20% from 1025±573 mg/L to 1770±857 mg/L, however this was 

only noted in one of the three sites revisited. Finally, the average TP concentrations 

within the sludge sampled in 2007 versus 2008 were compared and there was a minimal 

difference in concentration. However, in the 2008 sample set there was a much higher 

variability with an average concentration of 336±211 mg/L in 2007 versus 322±431 mg/L 

in the 2008 samples. The results from the three sites revisited indicated that the TP at two 

of the sites decreased from 2007 to 2008.  
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Figure 5.2: 2007 and 2008 TS and VS comparison from 1
st
 chamber sampled in 

Wardsville, Ontario  
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Figure 5.3: 2007 and 2008 comparison of TSS and VSS from 1
st
 chamber sampled in 

Wardsville, Ontario  
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Figure 5.4: 2007 and 2008 BOD comparison from 1

st
 chamber sampled in Wardsville, 

Ontario 
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Figure 5.5: 2007 and 2008 comparison of nitrogen and phosphorous from 1

st
 chamber 

sampled in Wardsville, Ontario  

One important parameter which might have an effect on sludge digestion and, hence, the 

sludge accumulation rate between the August 2007 and April 2008 site investigations, is 

the liquid temperature within the chambers of the tank. The samples taken in August 

2007 were taken at the end of what is typically considered a high ambient temperature 

season in Wardsville, (Ontario) which has a Latitude of 42-37-50N, with a first chamber 

average temperature measurement of 24.7±2.3
o
C in 2007 (Table 4.13). In comparison, 

the average first chamber liquid temperature measured in April 2008, which is considered 

the end of the low ambient temperature season in Wardsville (Ontario), was 16.0±2.6
o
C 

(Table 5.6). This represents a temperature change of 8.7
o
C or a 35% decrease from the 
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digestion at the typical k20 and θ values for the average liquid temperatures measured in 

the tanks, yields in a kT of 1.20 d
-1 

for the August 2007 sampling and a kT of 0.85 d
-1

 for 

the April 2008 sampling.  

In conventional centralized treatment processes the past deterrent for the implementation 

of anaerobic sludge digestion processes in comparison to aerobic process has been the 

long detention time required for digestion to occur as a result of the slow growth rate of 

methanogenic bacteria utilized in anaerobic treatment. The advantage of the slow growth 

rate of the bacteria is a lower sludge yield as a result of the lower number of new cells 

being synthesized from the organic matter. As such, over the long term, within an onsite 

primary clarifier tank where the sludge age is typically on the order of years, the 

requirement of higher temperatures may not be as essential as long as the temperature 

does not decrease below a critical point which would be inhibitory to anaerobic digestion. 

Although the optimum growth conditions for anaerobic organisms are reported to be at 

20
o
C or above, there have been no conclusive findings indicating a temperature at which 

sludge digestion is inhibited. It can, however, be reasonably assumed that if the 

temperature falls below 10
o
C, the necessary reproduction times for microorganisms could 

slow to longer than 50 days compared to the 3 days required at 35
o
C (Jewell, 1987). 

Although no specific studies could be found correlating temperature and in-tank septage 

digestion, in areas of the world with higher ambient temperatures and lower rates of water 

consumption, the reported treatment of BOD and suspended solids is generally higher 

(Jewell, 1987). For example, septic tanks in rural India achieved an average suspended 
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solids removal of 81-83% and a BOD reduction of 91-95% with influent concentrations 

averaging more than 10 times those found in the United States (Jewell, 1987).  

The 2008 data set was employed to assess the predictive ability of the two models 

developed from the 2007 data set for the sludge and scum accumulation rate in the first 

chamber. These are shown in Equations (5.2) and (5.3).  

The first model uses an exponential relationship to predict scum plus sludge 

accumulation in the first chamber: 

y = e
(0.893 – 5.315Q) 

                            (5.2) 

where y is the first chamber scum plus sludge accumulation in (L sludge/yr)/(m
3 

water/yr) 

and Q is the water usage per person in m
3
/person/d. 

The ability of Equation (5.2) with parameters estimated using the August 2007 data to 

predict the first chamber scum plus sludge accumulation rate ((L sludge/yr)/(m
3 

water/yr)) for the April 2008 data was evaluated by using the model to make predictions 

and then compare these to the April 2008 observations. The resulting plot of observed 

versus predicted values for the 2008 data is shown in Figure 5.6, and indicates a modest 

predictive ability. Although there are a number of datapoints that are not along the line 

with a slope of 1, the majority of the points do follow this line. The linear correlation 

between the observed and predicted values was 0.071, which is very low suggesting that 

Equation (5.2) with parameter estimates from the August 2007 data cannot provide 

reliable estimates of the April 2008 data set. However, a visual check of the plot indicates 

that the predictive ability is quite good for lower levels of scum plus sludge 
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accumulation, with more inconsistency for high levels of accumulation. Consequently, 

the model could be used to predict lower anticipated accumulations. 

 

 

Figure 5.6: Predicted versus observed model estimate for 1
st
 chamber scum plus sludge 

accumulation 

The second model developed from the 2007 data set for the first chamber was for the 

sludge accumulation rate (Lsludge/m
3

water) also in terms of the water usage per person as is 

seen in Equation (5.3): 

y = 1.71 – 5.32Q + 20.39(Q-0.22)
2
                      (5.3) 

where y is first chamber sludge accumulation in Lsludge/m
3

water and Q is the water usage 

per person in m
3
/person/d. 

The predictive ability of Equation (5.3), with parameters estimated using the August 2007 

data, was assessed by using this model to predict first chamber sludge accumulation rate 
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of 2008 observed data versus predicted values shown in Figure 5.7. The plot indicates 

that Equation (5.3) with the 2007 parameter estimates has fair predictive ability. There is 

a fair amount of scatter around the line with slope of 1, however the points generally 

follow this line. The correlation between observed and predicted values is very low, with 

a value of 0.073, suggesting very poor predictive ability for the April 2008 data using the 

model estimated from the August 2007 data set. However, the model again is able to 

predict the trend in the accumulations, albeit with more variability. 

 

Figure 5.7: Observed vs predicted values for model estimate 1
st
 chamber sludge 

accumulation 
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monitored on an on-going basis between solids removal events. Ideally, at a minimum, 

further investigation of the sites in August 2008 would provide additional information 

about possible cyclical patterns throughout the year. However this was not feasible for 

the sites investigated in April 2008, as directly following the April 2008 site 

investigation, the solids from the sampled primary clarifier tanks were pumped.  

The small number of sites investigated in the 2008 sample set (13 sites) does not allow 

for new models to be estimated. However, it was possible to use JMP
®

 to determine 

which factors had a significant effect on the rate of sludge and scum accumulation for this 

data set. This was accomplished by determining the factors that were statistically 

correlated (at the 5% significance level) with the sludge and scum accumulation. Table 

5.7 presents various indicators of scum and sludge accumulation along with the 

explanatory variables which were found to have statistically significant pairwise 

correlations at the 5% significance level.  
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Table 5.7: 2008 1st chamber parameter correlations with significance of greater that 95% 

Response Variable 
Explanatory 

Variables 
Correlation 

Number 

of data 

points 

Significance 

Probability 

1st chamber pump out 

frequency (yr) 
1st chamber BOD:TN 0.6842 13 0.0099 

1st chamber scum plus 

sludge height per year 
(L sludge/m3 water/yr) 

Number of adults per 

site 
-0.622 13 0.0232 

Total number of 

people per site 
-0.5898 13 0.0339 

1st chamber scum plus 

sludge height per year 
(L/yr per person) 

1st chamber 

BOD:TN:TP 
0.7119 13 0.0063 

Number of adults per 

site 
-0.652 13 0.0157 

Total number of 

people per site 
-0.5913 13 0.0333 

1st chamber VS (%) 0.5573 13 0.0479 

1st chamber scum plus 

sludge height per year 

(L/yr) 

1st chamber BOD:TN -0.7216 13 0.0054 

1st chamber 

BOD:TN:TP 
-0.6966 13 0.0082 

1st chamber VS (%) 0.5999 13 0.0302 

1st chamber volume of 

scum (L) 
1st chamber COD 

(mg/L) 
0.7647 13 0.0023 

1st chamber scum 

accumulation rate 

(L/yr/person) 

1st chamber COD 

(mg/L) 
0.7639 13 0.0024 

1st chamber VSS 

(mg/L) 
0.6379 13 0.0190 

1st chamber sludge 

accumulation rate (L 

sludge/m3 water) 

Number of adults per 

site 
-0.6509 13 0.0160 

Total number of 

people per site 
-0.5805 13 0.0375 

1st chamber sludge 

accumulation rate (L/yr) 

1st chamber BOD:TN -0.6893 13 0.0092 

1st chamber 

BOD:TN:TP 
-0.6823 13 0.0102 

1st chamber VS (%) 0.6148 13 0.0253 

The correlation values for each pairing indicate the strength of the linear correlation 

between the two factors within the 2008 data set. For example, the First chamber pump 

out frequency (yr) has a positive linear correlation with the explanatory variable (First 

chamber BOD:TN) that is significant at the 5% level. A negative correlation, as is found 

between first chamber scum plus sludge height per year (L sludge/m
3 

water/yr) and 
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number of adults, and scum plus sludge height versus the number of people per site, 

indicates that the first chamber scum plus sludge height per year (L sludge/m
3 

water/yr) 

decreases as the above factor values increase. The factors in the table are sorted by those 

which have the most significant probability of impacting each response variable. 

In reviewing the factors having a significance at the 5% level for the 2008 and 2007 data 

sets for the first chamber, it is evident that there are several variables that are significant 

at the 5% level for both data sets. Although this could illustrate the differences within the 

accumulation processes between the August 2007 and April 2008 site investigations, it 

could also be the result of the very small sample size, as well as the large variability 

between sites even operating within the same community and the effect of seasonal 

variations including ambient temperature effects. Further investigations are required for 

numerous sites with varying operating conditions over the long term to be able to 

determine the accumulation patterns in tanks of a similar design and size. This 

information also illustrates that the 2007 data collected and the models developed from 

this data must be used carefully. It should be clear that the models were developed based 

on site information collected at the end of the high temperature season and are limited in 

their applicability outside of this community at the end of the summer season.  

5.4. Conclusion 

Overall, the ability to perform a second set of site investigations on the primary clarifier 

tanks in Wardsville, Ontario has allowed for a comparison to monitor year to year 

changes in those primary clarifier tanks sampled in both years, as well as providing 

additional data about the characteristics of the sludge and accumulation following a 
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winter. Given that a small number of tanks were considered in both years, it additional 

sampling programs would be helpful in understanding the high rate of both the average 

sludge accumulation rate as well as the increase from the three repeated sites 

investigated. Although there has been a discussion about the impact of the liquid 

temperature of the tank it is not possible without further study to conclude that this 

variable indeed has a significant impact on the system accumulation rate. Additionally, 

the assessment of the predictive abilities of the two models developed from the August 

2007 data set for the sludge and scum accumulation rate in the first chamber was 

undertaken using the April 2008 data set.  From a visual check of the plots the predictive 

ability in the lower range of scum and sludge accumulation is quite good with more 

inconsistency visible for high levels of accumulation. The result of this analysis illustrates 

that the models developed from the August 2007 dataset could be used to predict scum 

and sludge accumulations expected with some variability in the predictive values that 

illustrates the need for further investigations in the impact of season effects on scum and 

sludge accumulation rate. 
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CHAPTER 6.  CONCLUSIONS AND RECOMENDATIONS 

6.1. Conclusions and Engineering Significance 

Through a combination of literature review, field investigations and statistical analysis of 

the data collected from both chambers of individual residential primary clarifier tanks, a 

comprehensive data set of sludge characteristics and accumulation rates in these units 

within a onsite wastewater treatment system were obtained. The literature reviews 

provided information regarding the process involved in onsite wastewater treatment, as 

well as a survey of the different technologies currently utilizing primary clarification at 

individual residences, and illustrated the large number of systems that would benefit from 

additional insights into the factors controlling solids accumulation.  

This thesis has contributed significantly to the study of solids accumulation and 

characterization within onsite primary clarifier tanks. This was accomplished through a 

comprehensive field investigation study of onsite primary clarifier tanks. Initially, a 

comprehensive review of previous studies was undertaken and it was determined that no 

systematic approach was widely published for field investigations of onsite primary 

clarifier tanks. Hence, a set of methodologies was developed for the field investigation 

and is proposed as a starting point for the future development of a standard methodology 

for onsite investigations of solids accumulation. This methodology and the ensuing field 

study not only included the investigation of the first chamber of the residential primary 

clarifier tanks, but unlike the relatively few previously conducted field studies, this study 

also included the investigation and sampling of the second chamber of the primary 

clarifier tanks to determine differences in the solids characteristic and accumulation rates 

of this chamber in comparison to the first chamber.  
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The field investigation provided a comprehensive data set that allowed for statistical 

analysis of the data to assess the more critical factors influencing the solids accumulation 

rate within each of the clarifier chambers. Additionally, a number of predictive models 

were developed using the water usage data for each residence as an explanatory variable. 

The water usage at each site is a non-invasive measurement and, in this case, an already 

monitored variable. The potential use of this variable as a solids accumulation indicator 

could allow system owners to have a better means of establishing a conservative point at 

which the solids should be removed from primary clarifier tanks. Finally, a second and 

more limited field investigation illustrated the dynamic nature of these onsite systems and 

especially the impact of seasonal temperature variation could have on the scum and 

sludge accumulation rates within the tanks.   
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6.2. Recommendations for Further Study 

The outcome of the 2007 and 2008 field sampling studies has illustrated the complex 

nature of the sludge and scum accumulation and characterization within onsite primary 

clarifier tanks which provide primary clarification for onsite systems. It was difficult to 

identify clear patterns in the data and to develop models from the data set effectively.  

These difficulties were due to the nature of the study, which involved the collection of 

data points that were influenced by factors that occurred in the past and therefore were 

not included in the data set (i.e. temperature of liquid over time) as well as the variability 

apparent in the collected data. The following are recommendations for further research 

including the need for more intensive studies to be conducted with regular ongoing 

monitoring implemented from the time of system’s installation until pumping is required. 

In addition, the following information should be considered for inclusion in future 

studies: 

- Regular monitoring and collection of data related to scum and sludge 

accumulation rates, as well as sludge characteristics for a community from the 

installation of the system (at least 3-4 times a year).  

- Monitoring of influent and effluent characteristics of onsite primary clarifier 

tanks, including the following parameters: TS, VS, TSS, VSS, BOD, COD, TKN, 

NH3-N, NO3-N, TP-P. 

- Investigation of water flow through the primary clarifier tank to identify flow 

patterns through the tank and to provide a better understanding of, not only the 

overall flow through the tank, but also the effects of the patterns of a water usage 
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on solids accumulation rate within each chamber. This could be accomplished 

through the installation of water flow meter with online data collection. 

- Selection of study sites that are representative of the community and represent a 

variety of operating parameters (water usage, number of residents, etc.) 

- Regular monitoring of temperature and pH within the tank to collect frequent data 

points for each variable.  

- Assessment of indicators of biological activity such as anaerobic digestion, 

including methane gas production (CH4) and volatile fatty acid (VFA).  
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APPENDIX 

The materials included in the Appendix which has been subdivided into sections A.1 to 

A.7 include data sets, auxiliary analysis and information supporting the thesis and study 

performed.  
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Preface to the Appendix A.1. 

The materials included in Appendix A.1. include the community survey which was 

conducted by Heather Lossing in a door to door survey of the residents of Wardsville 

Ontario prior to the site investigations in the summer of 2007. The responses to this 

survey along with preliminary site investigations were used to select the sites to 

investigate. 
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Wardsville Community Survey:   
 

Would you be willing to participant this study?     Yes / No 

 

Residents Name (optional):__________________________________________________ 

 

Years living at this address: _________________________________________________ 

 

Number of occupants under 18 years of age: ____________________________________ 

 

Number of occupants above 18 years of age: ___________________________________ 

 

Can you estimate you water usage from water meter/bill per month/year: _____________ 

 

Estimated number of wash loads per week: _____________________________________ 

 

Have you encountered any odour issues surrounding the clarifier tank:   Yes / No 

 

If yes explain further:  _____________________________________________________ 

 

Has the clarifier tank been pumped:         Yes / No 

 

If Yes when:  ___________________________________________________________ 

 

If living at this address for less than 7 years (since the Clearford Industries, Inc. system was 

installed) do you know any information about the previous occupants?    Yes / No 

 

If Yes:  

 

Number of years that the previous occupants lived at this address: __________________ 

 

Number of people in the household: __________________________________________ 

 

Number of people adults: ___________________________________________________ 

 

Number of people children: _________________________________________________ 

 

Additional Information:  ___________________________________________________ 

 

For data collection purpose only:   

 

Address:  _______________________________________________________________ 

 

Site number given:  ___________________Date surveyed: _______________________ 

 

Willing to participate in further studies:  _______________________________________ 
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Preface to the Appendix A.2. 

The materials included in Appendix A.2. are the complete data set collected from 

Wardsville from the site investigation of August 2007 and the bivariate plots of the 

duplication samples for each sludge characteristic presented in Chapter 5.  
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Figure A.2.1: Bivariate fit of 2007 Wardsville data 1

st
 chamber sample 1 BOD (mg/L) by 

1
st
 chamber sample 2 BOD (mg/L) 

 
Figure A.2.2:  Bivariate fit of 2007 Wardsville data 1

st
 chamber sample 1 TKN (mg/L) 

by1st chamber sample 2 TKN (mg/L) 
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Figure A.2.3: Bivariate fit of 2007 Wardsville data 1

st
 chamber  sample 1 NH3-N (mg/L) 

by 1
st
 chamber sample 2 NH3-N (mg/L) 

 
Figure A.2.4: Bivariate fit of 2007 Wardsville data 1

st
 chamber sample 1 TP (mg/L) by 1

st
 

chamber sample 2 TP (mg/L) 
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Figure A.2.5: Bivariate fit of 2007 Wardsville data 1

st
 chamber sample 1 TS (%) by1st 

chamber sample 2 TS (%) 

 
Figure A.2.6: Bivariate fit of 2007 Wardsville data 1

st
 chamber sample 1 VS (%) by 1

st
 

chamber sample 2 VS (%) 

2

3

4

5

6

7

8

9

10

11

12

C
h
a
m
b
e
r 
1
 S
a
m
p
le

1
 T
o
ta
l S

o
lid
s
 (
%
)

2 3 4 5 6 7 8 9 10 11 12

Chamber 1 Sample

2 Total Solids (%)

50

55

60

65

70

75

80

85

90

95

C
h
a
m
b
e
r 
1
 S
a
m
p
le
 1

V
o
la
til
e
 S
o
lid
s
 (
%
)

50 55 60 65 70 75 80 85 90 95

Chamber 1 Sample 2

Volatile Solids (%)



 

220 

 

 
Figure A.2.7: Bivariate fit of 2007 Wardsville data 1

st
 chamber sample 1 TSS (mg/L) by 

1
st
 chamber sample 2 TSS (mg/L) 

 
Figure A.2.8: Bivariate fit of 2007 Wardsville data 1

st
 chamber sample 1 VSS (mg/L) by 

1
st
 chamber sample 2 VSS (mg/L) 
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Figure A.2.9: Bivariate fit of 2007 Wardsville data 2

nd
 chamber sample 1 BOD (mg/L) by 

2
nd

 chamber sample 2 BOD (mg/L) 

 
Figure A.2.10: Bivariate fit of 2007 Wardsville data 2

nd
 chamber sample 1 TKN by 2

nd
 

chamber sample 2 TKN (mg/L) 
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Figure A.2.11: Bivariate fit of 2007 Wardsville data 2

nd
 chamber sample 1 NH3-N 

(mg/L) by 2
nd

 chamber sample 2 NH3-N (mg/L) 

 
Figure A.2.12: Bivariate fit of 2007 Wardsville data 2

nd
 chamber sample 1 TP (mg/L) by 

2
nd

 chamber sample 2 TP (mg/L) 
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Figure A.2.13: Bivariate fit of 2007 Wardsville data 2

nd
 chamber sample 1 TS (%) by 2

nd
 

chamber sample 2 TS (%) 

 
Figure A.2.14: Bivariate fit of 2007 Wardsville data 2

nd
 chamber sample 1 VS (%) by 2

nd
 

chamber sample 2 VS samples (%) 
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Figure A.2.15: Bivariate fit of 2007 Wardsville data 2

nd
 chamber sample 1 TSS (mg/L) 

by 2
nd

 chamber sample 2 TSS (mg/L) 

 
Figure A.2.16: Bivariate fit of 2007 Wardsville data 2

nd
 chamber sample 1 VSS (mg/L) 

by 2
nd

 chamber sample 2 VSS (mg/L)
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Preface to the Appendix A.3. 

The materials included in Appendix A.3. presents the detailed analysis of the first model 

estimated in Chapter 4 for the scum plus sludge accumulation rate per year within the 

first chamber in terms of L sludge/ m3 water/yr which is Equation 4.1.  
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Preface to the Appendix A.4. 

The materials included in Appendix A.4. presents the detailed analysis of the second 

model estimated in Chapter 4 for the sludge accumulation rate within the first chamber in 

terms of (L sludge/yr)/(m
3
water/yr)which is Equation 4.2.  
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Preface to the Appendix A.5. 

The materials included in Appendix A.5. presents the detailed analysis of the third model 

estimated in Chapter 4 for the scum plus sludge accumulation rate within the second 

chamber in terms of L sludge/yr which is Equation 4.3.  
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Preface to the Appendix A.6. 

The materials included in Appendix A.6. presents the complete data set collected from 

the 2008 Wardsville site investigation as long with the bivariate plots of the duplication 

samples as discussed in Chapter 5.  
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Figure A.6.1: Bivariate fit of 2008 Wardsville data 1st chamber sample 1 TS by sample 2 

TS (mg/L) 

 
Figure A.6.2: Bivariate fit of 2008 Wardsville data sample 1 VS by sample 2 VS (%) 

 
Figure A.6.3:  Bivariate fit of 2008 Wardsville data sample 1 TSS by sample 2 TSS 

(mg/L) 
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Figure A.6.4: Bivariate fit of 2008 Wardsville data sample 1 VSS by sample 2 VSS 

(mg/L) 

 
Figure A.6.5: Bivariate fit of 2008 Wardsville data sample 1 BOD by sample 2 BOD 

(mg/L) 
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Figure A.6.6: Bivariate fit of 2008 Wardsville data sample 1 COD by sample 2 COD 

(mg/L) 

 
Figure A.6.7: Bivariate fit of 2008 Wardsville data sample 1 TKN by sample 2 TKN 

(mg/L) 
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Figure A.6.8: Bivariate fit of 2008 Wardsville data sample 1 NH3-N By sample 2 NH3-N 

(mg/L) 

 
Figure A.6.9: Bivariate fit of 2008 Wardsville data sample 1 TP by sample 2 TP (mg/L) 
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Preface to the Appendix A.7. 

Appendix A.7. presents a copy of an article written on the 2007 Wardsville study and 

published in the July 2008 (Volume 9 Issue 2) Ontario Onsite Wastewater Association 

Newsletter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

248 

 

The management of sludge in a small or onsite wastewater treatment system is a key 

factor affecting maintenance and operation of the system.  Sludge accumulation, 

treatment and subsequent disposal can represent a high percentage of the operating cost 

for a wastewater system.  This is especially important for small-scale and onsite 

wastewater treatment systems where sludge removal can be one of the few operating 

costs of the system.  Cost savings and protection to the downstream treatment system, 

whether it be a soil absorption system or small wastewater treatment plant, are possible if 

the pumping frequency of the sludge can be optimized.   As well, optimization of 

pumping frequency can potentially minimize the liquid volume of sludge requiring 

disposal.  During the summer of 2007, a sludge characterization and accumulation study 

was undertaken in the community of Wardsville Ontario in conjunction with Clearford 

Industries Inc., the Municipality of Southwest Middlesex and Queen’s University.  Eight 

years ago as a result of a large number of failing septic systems, the community of 

Wardsville installed a Clearford Industrial Inc. Small Bore Sewer™ (SBS™) which 

included two-chamber 3600 L tanks located on the properties of individual homes, all 

collectively attached to a small bore piping system to deliver the effluent from the tanks 

to a small community wastewater treatment system.  Figure A.7.1 represents a schematic 

of the Clearford Industries Inc. clarifier tank. 
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Figure A.7.1:  Schematic of Clearford Industries Inc. clarifier tank 

The purpose of this study was to develop a methodology to monitor the rate of sludge 

accumulation within clarifier tanks in Clearford SBS™, calculate the sludge 

accumulation rate and the height of sludge interface within the clarifier tanks (based on 

sampled tanks in Wardsville, Ontario), and from this data propose a conservative 

pumpout frequency.  In addition, the final analysis also examined other factors, which 

will not be discussed in detail in this article, including: further analysis of the sludge 

samples to identify relationships between the solids accumulation rate and characteristics 

of the sludge and the determination of whether there is the potential for the sludge to 

further biodegrade in the tanks via chemical, physical or biological mechanisms.   

The first step in the study was to determine the number and location of the sites to be 

investigated.  After discussions with the municipality, it was decided that a community 

pamphlet would be circulated with water meter invoices to inform the community of the 



 

250 

 

upcoming study.  This was followed by a door-to-door community survey in order to 

determine the willingness of property owners to participate in the study, ease of access to 

the tank, as well the collection of additional information including number of occupants 

in the residence, and water usage patterns.  Once the community survey was completed, a 

review of the responses was conducted and 29 sites were selected for the onsite system 

investigation based on numerous factors including willingness to participate, ease of 

access to the tank on site, and number of residents per site.   Table A.7.1 summarizes 

some of the information collected during the pre-sampling process of the study.  It can be 

seen that the average number of adults inhabiting the residences where the 29 tanks were 

sampled in Wardsville was less than two adults, and the average number of children per 

site was 0.5.  The table also contains data gathered from the municipality of Southwest 

Middlesex on the water usage per site sampled.  The water usage was calculated taking 

water usage data collected since the onset of community metering in early 2006.   

Table A.7.1: 2007 Wardsville, Ontario data set clarifier tank usage information 

 

Operating time 

of tank from 

installation to 

sampling 

Number 

of adults 

per site 

Number 

of 

children 

per site 

Total 

number of 

people per 

site 

Water usage 

 days    L/person/d 

Average 2577 1.8 0.5 2.3 210 

Standard 

Deviation 
38 0.4 1.2 1.3 110 

Minimum 2481 1.0 0.0 1.0 20 

Maximum 2644 2.0 5.0 7.0 470 

Median 2577 2.0 0.0 2.0 220 

The sampling was conducted over a period of several weeks beginning in August 2007.  

Once onsite, the site information was recorded (address, date, ambient temperature, 

weather conditions and site specific information). The lid to the second chamber was 
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opened slightly, temperature and pH probes were placed below the liquid interface of the 

clarifier tank, and the readings were recorded.  If a scum layer was present that did not 

allow the probe to reach the liquid interface in the tank, the pH and temperature readings 

were recorded after an opening was created in the scum layer. A hole-saw attached to a 

61 cm (24-inch) shaft extension, was utilized to penetrate the scum layer directly below 

the chamber lid.  The lid was fully removed to allow for the head space gas to escape for 

at least 5 minutes.  When available and deemed necessary, a gas meter was placed into 

the chamber to verify CH4, CO and H2S gas levels, and if required, venting was allowed 

to proceed for another period of 5 minutes and the gas measurements were monitored. 

This process was repeated until no alarms were recorded.    The location of the sludge 

layer within each chamber of the tanks was determined using a sludge interceptor 

detector (known as a Sludge Gun
®

) which used infrared light transmitted by a solid state 

light emitting diode (LED) across a gap in the probe.  The infrared beam is received by a 

phototransistor on the other side of the gap. The infrared beam pulses many times per 

second by the electronic control circuit.  The probe on the sludge interceptor detector was 

slowly lowered into the chamber until it reached the bottom of the clarifier tank.  The 

length of cord required to reach the bottom of the tank (using the top of the tank as a 

marker) was noted.  The sludge interceptor detector was depressed until a constant 

buzzing noise was heard, which indicates the presence of sludge, at which point the 

sludge interceptor detector remained depressed and the probe was slowly raised until the 

buzzing noise stopped.  The length of the cord required to reach the interface was 

recorded.  The difference between the length to the bottom and the length to the top of the 

region where the probe emitted a noise was considered to represent the height of the 
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sludge layer.  Once the location and height of the sludge layer were determined, the 

location for sludge sampling was determined.  The sludge sampling location was 

approximately half way between the bottom of the tank and the sludge–liquid interface.  

The sludge sampling was performed using a patented Coliwasa sampler.  Once the 

sampling was completed in the second chamber, the same procedure was repeated on the 

first chamber. Samples were taken in both chambers of the tank, with sampling of the 

second chamber used to determine if there had been any solids carry-over.  Duplicates 

were collected as re-sampling of a tank was not an option due to the disturbance created 

as a result of the sampling event.  Although not discussed in detail here, a solids profile 

characterization was conducted for each sample collected, to be used in further 

investigation with the aim of examining relationships between sludge accumulation and 

characteristics of the sludge.  The solids profile characterization included: total solids 

(TS), total volatile solids (TVS), total suspended solids (TSS) and its volatile portion 

(VSS).  In addition to the solids profile characterization, additional analyses were 

conducted to determine the composition of the sludge including BOD, TN (TKN, NH3, 

and NO3), and TP. The sample analyses were performed by the ALS Laboratory Group, 

an accredited laboratory with duplicate samples sent for each parameter analysis.   
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Figure A.7.2:  2007 data set of Wardsville, Ontario 1

st
 and 2

nd
 chamber scum plus sludge 

height increase for 3600L tank (cm/yr) 

In Figure A.7.2, the data collected for sludge height plus scum height per year at each site 

sampled have been plotted with the average line included for both chambers.  The figure 

shows that there is considerable variability in the height measurements, and as a result, 

prediction of the rate of sludge accumulation is likely to be highly variable. The data 

collected represent a snapshot of the sludge accumulation and characteristics at a 

particular point in time. The other implied data point is that associated with the original 

installation, when there would have been no accumulation. In order to obtain additional 

insight into the accumulation rate behaviour, it would be necessary to revisit the tanks 

after several more years had elapsed. Sampling after a further year had elapsed might not 

be sufficient, because in order to more accurately estimate accumulation rates, it would 
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be necessary to be able to detect levels of accumulation that were appreciably different 

than earlier values, given the background variability in the data.  

The pumpout frequency for removing sludge and scum accumulated in the first and 

second chambers was estimated using the 50% height of the liquid level in the tank as a 

conservative reference point. Pumping would be conducted once the sludge and scum 

levels had accumulated to this reference point.  Data for the sludge accumulation rate, as 

well as the per person rate of sludge accumulation were then used to compute a pumping 

frequency based on the number of people per site.  It should be noted that the following 

calculations are for the 3600L tank only and the pumping period and pumpout frequency 

calculations would be vary depending on tank volume and dimensions.  The pumping 

period required for the first chamber was calculated for each site, and from the set of 

periods over all sites, the average and standard deviation of the estimated pumpout 

periods were determined to 16.8 years with a standard deviation of 11.8 years.  Next, the 

pumping period for the second chamber was calculated for each site, and then the average 

over all the sites was taken. The estimated average pumping period was determined to 

82.3 years with a standard deviation of 100.5 years.  From these results, it is clear that 

pumping of the first chamber is the limiting factor determining when the tanks should be 

pumped out. In order to obtain the most conservative value for pumping period, the site 

with the highest scum plus sludge accumulation rate in a single chamber was used.  Using 

the value for the site with the highest scum plus sludge accumulation rate for the first 

chamber (site 11), the pumping period was 6.8 years. On a per person basis for site 11, 

the scum plus sludge accumulation rate was 1.3 cm/yr/person which relates to a pumpout 

period of 49 years per person.  The site with highest scum plus sludge accumulation rate 
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on a per person basis was site 5 with 5.9 cm/yr/person which relates to a pumpout period 

of 10.8 years per person.  In the second chamber, the highest value of scum plus sludge 

height accumulation rate was found at site 24, with a corresponding pumping period of 

11.5 years.  On a per person basis, the scum plus sludge accumulation rate was also site 

24 with 5.6 cm/yr/person which relates to a pumpout period of 11.5 years per person 

since there was only one person at this site.  Future investigations will examine why the 

pumping period for this site lies so far away from the average (see figure 2). 

Further analysis of the dataset is required to determine whether it is possible to try to 

estimate a relationship for sludge accumulation in the clarifier chambers, as well as to 

provide additional insights into the potential for further biodegradation of the 

accumulated solids.  Hence, the next phase of this study will involve a comprehensive 

analysis of the Wardsville dataset using the statistical software package JMP
®

 (2008, 

SAS Institute Inc.).  JMP
®

 is used in many Six Sigma corporate programs and allows for 

more rigorous data analysis. JMP
®

 will be used to identify systematic trends between 

sludge accumulation and other variables.  In particular, trends will be examined between 

sludge accumulation, solids characteristics (TS, VS, TSS, VSS, BOD, TKN, NH3, NO3 

and TP), and site characteristics (number of people per site, number of children, water 

usage and so forth).  Determining relationships between sludge accumulation and easily 

measurable variables could allow for relationships to be used to more accurately predict 

the frequency of pumping for similar tank designs and operating conditions. 

Upon further analysis, there is the potential to also develop relationships between solids 

accumulation within the chambers and the sludge characteristics, clarifier conditions and 
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site characteristics which could result in additional maintenance cost savings and 

protection to downstream treatment systems, which is a critical step towards achieving 

protection of the surrounding environment.  

 


