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Abstract 

 

Kraft Pulp mills are the most significant anthropogenic sources of total reduced sulphur 

(TRS) emissions in the world.  My research had two objectives.  First, to determine how the 

regulatory framework influences  TRS emissions management at Alberta’s Kraft Pulp mills. And 

second, to gain insights into the influence of corporate environmental management and social 

license on environmental performance.  Indicators representative of each factor were examined: 

(1) regulatory conditions, dispersion modeling, point source and ambient TRS data, (2) voluntary 

environmental policies and management systems, best management practices, corporate 

sustainability reporting, and (3) public complaints and ambient TRS exceedances.  All factors 

were influencing performance to varying degrees, but corporate environmental management 

contributed the most to the variance between facilities.  Shortcomings in the regulatory 

framework were identified, but with improvement it holds the most promise for facilitating 

collaborative discussions, incentivizing continuous improvement, managing cumulative effects, 

and enhancing the competiveness of Alberta’s Kraft Pulp industry.  
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Introduction 

 

The Canadian Pulp and Paper industry is a cornerstone of Canada’s economy, and as a 

major exporter, it is crucial for Canada to maintain its competiveness on the global stage (Tang, 

Kant, Loaksonen-Craig & Asinas, 2008).  As of 2004, there were 37 Kraft pulp mills in Canada 

(Environment Directorate, Organisation for Economic Co-operation and Development (OECD), 

2006) of which the following are located in Alberta:   

1. The Hinton Kraft pulp mill has been operating since 1957 and is Alberta’s oldest Kraft 

Pulp mill (Hinton Pulp, 2007).  Hinton Pulp, a division of West Fraser Mills Ltd., 

currently produces about 380,000 Air Dried Tonnes (ADt) of Kraft pulp every year 

(Hinton Pulp, 2007).  The mill is located in the valley of the Athabasca River within the 

municipal boundary of the town of Hinton.  It provides employment for around 400 

people as well as drinking water and wastewater treatment services for the town and 

surrounding community (Hinton Pulp, 2007).   

2. Peace River Pulp is owned by Daishowa-Marubeni International Ltd. (DMI) (2007), and 

is situated in the Peace River Valley about 15 km downstream from the town of Peace 

River, AB.  It has been operating since 1970, produces approximately 448,000 ADT of 

Kraft pulp per year, and provides employment for over 360 people (DMI, 2007).  

3. Grande Prairie Pulp is owned by Weyerhaeuser Company Ltd. and is situated 10 km 

southeast of Grande Prairie, Alberta in the valley of the Wapiti River (Stantec Consulting 

Ltd., 2006).  It has been operating since 1973, currently produces 360,000 ADT/year of 

Kraft Pulp, and employs about 320 people (Stantec, 2006).  

4. Lastly, the Alpac Pulp Mill owned by Alberta Pacific Forest Industries Inc. is located 40 

km northwest of Boyle, Alberta and 8 km south of the Athabasca River (Alberta Pacific 
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Forest Industries Inc., 2005).  It is the newest mill in Canada and the largest Kraft Pulp 

mill in North America.  Alpac began operating in 1993, currently produces about 650,000 

ADT of Kraft Pulp every year and employs 450 people (Alberta Pacific Forest Industries 

Inc., 2005). 

Both the Peace River Pulp mill and Grande Prairie Pulp mill were recognized as 

EnviroVista Leader’s for exemplary environmental performance before the program was 

suspended in 2011 (Stantec Consulting Ltd., 2006).  EnviroVista is part of Alberta Environment 

and Sustainable Resource Developments (ESRD) Partners in Resource Excellence program that 

recognizes approved industrial and municipal operations for their environmental excellence 

based voluntary participation and eligibility criteria.  ESRD is planning on collaborating with 

stakeholders to develop a new EnviroVista program that encourages and facilitates 

environmental innovation in all types of operations, but the program details have not yet been 

worked out (Alberta Environment and Sustainable Resource Development (ESRD), 2013).   

Like all industrial activities, Kraft Pulp mills have economic, social, and environmental 

impacts.  They provide an economic benefit through employment and large contributions to the 

tax base and Gross Domestic Product of the province and country.  The mills also provide social 

benefits through investments in community development projects and public engagement 

initiatives.  However, the production and consumption of resources results in residuals emitted to 

the air, land, and water in various forms that can cause pollution and environmental degradation 

(Field & Olewiler, 2005).  The pulping industry has realized many advances in environmental 

technology and performance over the past three decades, but Kraft Pulp mills are still responsible 

for the discharge of numerous pollutants, including significant amounts of total reduced sulphur 

(TRS) compounds (Bruce Process Consulting, 2008).  The most common TRS compounds 
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emitted by Kraft Pulp mills are hydrogen sulphide, methyl mercaptan, dimethyl sulphide, and 

dimethyl disulphide (Foster, Yee, Palczynski, Dixon, Jackson, & Kinneburgh, 2004).  TRS 

compounds contribute to the overall acidity of the surrounding environment (Environment 

Canada, 2008) and have a characteristic noxious, rotten-egg odour that has raised public concern 

in Kraft Pulp mill communities worldwide (Jensen, 2007).   

Despite the worldwide rise in electronic forms of communication, the global demand for 

forest products, and particularly Kraft Pulp, continues to increase all over the world (Spek, 

2006). New pulp markets are developing in other parts of the world as growing demand exceeds 

the production capacity of established markets in Canada, the US, and Europe (Spek, 2006).  

This has resulted in the globalization of the pulp and paper industry, along with thousands of 

other multinational companies.  Growing globalization of the industry is driving international 

companies to perform to the most stringent environmental standards expected by the most 

demanding stakeholders in order to remain competitive (Riebel, 2002).  Vogel and Kagan (2002) 

found that empirical research undermines the claim that economic liberalization leads to a 

lowering of regulatory standards, a “race to the bottom”. Although it has been found that in many 

cases, the operations of some multinational corporations are less protective of the environment, 

some operations are more innovative than comparable facilities in developed countries.  The 

“race to the bottom” is discredited by empirical research that demonstrates a) compliance costs 

for most firms are relatively modest, b) communities do not passively accept polluting firms, c) 

environmental regulations become more effective as countries develop, and d) large 

multinational firms generally adhere to the Organization of Economic Co-operation and 

Development (OECD) standards in developing countries (Vogel & Kagan, 2002).  As such, 

many corporations are under more pressure to improve their transparency and report on their 
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corporate sustainability performance.  Fernandez-Feijoo, Romero and Ruize (2013) found that 

CSR transparency is affected by a company’s ownership, size, and global reach and that 

investors and employees have more influence on CSR transparency than consumers and 

environmental-sensitivities.  

A firm’s environmental performance is measured by its impact on the environment 

(Praxiom Resource Group Limited, 2012).   The environmental impacts of Alberta’s Kraft pulp 

mills are guided in part by the regulatory framework in place.  Environmental permitting requires 

that facilities operate in an environmentally sound manner (Environment Directorate OECD, 

1999).  Alberta Environment and Sustainable Resource Development (ESRD) issues approvals to 

the mills through the Environmental Protection and Enhancement Act (EPEA). EPEA and the 

approval set enforceable conditions for mill operations, emissions limits, and monitoring and 

reporting of emissions and ambient conditions.  ESRD’s vision is to “lead the achievement of 

desired environmental outcomes and sustainable development of natural resources for Albertans” 

(Alberta ESRD, 2014).  In support of this, the department is leading the Government of Alberta 

(2014) in its transition to a Cumulative Effects Management System (CEMS).  It is a progressive 

departure from the conventional regulatory approach of managing the environmental impacts of 

individual projects.  A CEMS is necessary "to manage the combined effects of past, present and 

future human activities on the environment, the economy, and society in a particular place" 

(para. 1). Many initiatives are proposed to support the establishment of a CEMS, including 

regional plans and outcomes-based approvals for regulated facilities (Government of Alberta, 

2014).  The purpose of outcomes based-approvals is to enable the achievement of desired, 

placed-based outcomes described in regional plans, such as the provincial Ambient Air Quality 

Objectives (AAQOs).  In a CEMS system, approval applicants will be required to evaluate the 
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cumulative impact of the project on its environment and develop Continuous Improvement Plans 

for environment performance (Government of Alberta, 2014).  A Continuous Improvement Plan 

is the documentation of a deliberate process of constantly reviewing and improving products, 

services, processes, and environmental performance (Jamison, Raynolds, Holroyd, Veldman, & 

Tremblett, 2005).  Shifting to outcomes-based approvals is an important step towards promoting 

continuous improvement and achieving applicable regional and provincial outcomes, but it is an 

evolutionary process that is still being prototyped and has not been fully implemented 

(Government of Alberta, 2014). 

My experience as an Environmental Protection Officer for ESRD has shown me that 

there can be notable differences in environmental performance between regulated facilities both 

across and within industrial sectors.  Through my work experience, I became aware that elevated 

levels of TRS compounds were affecting the community of Hinton, Alberta.  The impact was 

evident in the public odour complaints reported to ESRD through the 24-hour Coordination and 

Information Centre as well as the West Central Airshed Society’s (WCAS) air quality 

monitoring data.  TRS concentrations at the Hinton station periodically exceed Alberta’s 

Ambient Air Quality Objectives for H2S.  Alberta’s AAQO for H2S, which is 10 parts per billion 

(ppb) (14 micrograms per cubic meter (ug/m3) over 1-h and 3 ppb (4 ug/m3) over 24-hour, is 

applied to evaluate TRS monitoring data in the absence of a TRS specific AAQO (West Central 

Airshed Society, 2012).  Alberta’s industrial facilities must be designed such that air quality 

remains below AAQOs (Alberta Environment, 2013) but enforcing compliance with ambient 

objectives is difficult.  Alberta’s AAQO for H2S has been in place since 1975 and was set based 

on odour perception (Alberta Environment, 2013).  AAQOs for TRS and H2S vary between 

provinces across the country, but Alberta’s AAQO is on par with those of other jurisdictions.  
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British Columbia’s AAQO for TRS is measured as H2S and is categorized into Level A and 

Level B objectives.  Level A is the desirable goal for all new discharges and existing installations 

whose discharges are significantly altered and has been set at 5 ppb (7 ug/m3)  over 1-h and 2 

ppb (3ug/m3)  over 24-h, which is even lower than Alberta’s AAQOs.  Level B is the acceptable 

interim objective for all other discharges, to be reviewed periodically, and is set at 20 ppb (28 

ug/m3)  for 1-h and 4 ppb (6 ug/m3) over 24-h.  BC's AAQOs were adopted in 1977 from the 

Pollution Control Objective’s for the Forest Products Industry and are not legally binding 

(British Columbia Ministry of Environment, 2013).  Saskatchewan’s Ambient Air Quality 

Standard for H2S is published in the Clean Air Act and is set at 10.8 ppb (15 ug/m3)  over 1-h 

and 3.6 ppb (5 ug/m3)  over 24-h, just slightly higher than Alberta’s AAQO (Government of 

Saskatchewan, 1996).  Manitoba’s Ambient Air Quality Criteria outlines the 1-h and 24-h H2S 

guidelines, which were adopted from Environment Canada publications.  The guidelines define 

the 1-h maximum tolerable level as 1000 ppb (1400 ug/m3),  the 1-h maximum acceptable level 

as 11 ppb (15 ug/m3), the 1-h maximum desirable level as 0.7 ppb (1 ug/m3), and the 24- 

maximum acceptable level as 4 ppb (6 ug/m3) (Government of Manitoba, 2005).  A federal 

AAQO for TRS compounds is not yet established and has been under review by the Canadian 

Council of Ministers of the Environment (CCME) (1999).  It is worth noting that since 1999, 

nothing has resulted from the CCME’s commitment to review the development of an ambient 

TRS objective.  

In contrast to the AAQO exceedances and public complaints occurring in Hinton, 

monitoring data suggested that ambient TRS levels were lower and there were fewer public 

complaints in the communities adjacent to the Alpac, Peace River Pulp, and Grande Prairie Pulp 

mills.  Physical location is part of the issue.  The Hinton Pulp mill is located in a valley, which is 
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periodically subject to temperature inversions that trap pollutants by preventing proper 

dispersion of emissions, thereby exacerbating ambient air quality.  Grande Prairie Pulp and 

Peace River Pulp are also situated in river valleys that are subject to temperature inversions, but 

the difference is that Hinton Pulp is the only mill located directly within a municipality.  Given 

the perceived differences in environmental impacts between the mills, I became curious about 

the factors influencing environmental performance.  The literature reviewed indicated that the 

environmental performance of a company’s facility was influenced by three broad factors: (a) the 

government’s regulatory framework, (b) the company’s voluntary environmental management 

system, and (c) the company’s perception of its social license to operate (Thornton, Kagan & 

Gunningham, 2003).  In addition, Thornton, Kagan, and Gunningham (2003) found that although 

the social license and EMS are important factors, regulation was still key to producing large 

gains in environmental performance, and even more so when it served as a mechanism for 

collaboration rather than enforcing a rigid set of rules.  The persistence of nuisance odours in 

Hinton suggested that these factors, which all apply to Hinton Pulp, were having limited 

effectiveness in reducing the ambient air quality impacts of TRS emissions from the mill.  I have 

undertaken research to account for and explain this situation by investigating the connections 

between the regulatory, corporate EMS, and social license factors that impact emissions and 

environmental performance at Hinton Pulp, and at Grande Prairie Pulp, Peace River Pulp, and 

Alpac Pulp mill. 

Research Objectives and Strategy  

Based on the conclusions drawn by several authors in my literature review (Jaffe & 

Palmer, 1996; Jamison , Raynolds, Holroyd, Veldman, & Tremblett, 2005; Lyon, 2013; Lyon & 

Maxwell, 1999; Thornton, Kagan, Gunningham, 2003) that regulation can have such a large 
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impact on a facilities environmental performance, the primary objective of my research was to 

determine how ESRD’s regulatory framework influenced environmental performance at its 

regulated facilities.  The secondary objective was to gain insights into the corporate environmental 

management system (EMS) and social license to operate at each of the mills.  I chose Alberta’s 

Kraft Pulp mills for this case study, not only because of the existing air quality issue, but because 

the small sample size allowed for an in-depth analysis of the regulatory, corporate EMS, and 

social license factors influencing TRS emissions management.  TRS emissions were chosen as the 

indicator parameter of environmental performance for a couple of reasons.   First, TRS emissions 

are a by-product of the Kraft Pulping process and represent opportunities for process optimization 

(Levasseur & Savoie, n.d.).  Lavesseur and Savoie (n.d.) have found that using TRS emissions 

monitoring data as feedback to fine tune operating conditions can lead to savings in energy and 

materials, increased production capacity, and improved environmental performance at minimal 

additional cost.  Secondly, a sufficient amount of TRS monitoring data was available from a 

variety of emission sources at each mill and in the ambient air for statistical analysis in support of 

meeting my research objective.  Finally, the management of TRS emissions may reflect 

environmental management on a broader scale.  The foul odour of TRS, which is detectable at 

very low levels, carries a high degree of social intolerance.  The public concern caused by TRS 

emissions and the regulatory and corporate approach to manage emissions may reflect the 

effectiveness of the current approach to environmental management. 

My research objectives were achieved by executing the following research strategy that 

focused on a five-year period between January 2008 and January 2013: 

1. Examined the TRS relevant aspects of Alberta’s regulatory framework, including 

the mills approval conditions, Alberta’s Air Quality Management System, 
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Alberta’s Cumulative Effects Management System, and EPEA legislation.  

Approval monitoring requirements and emissions limit were compared and 

contrasted between the mills and interviews were held with subject matter experts 

within ESRD to clarify regulatory conditions and intentions. 

2. Identified common TRS emission sources between the mills and statistically 

analyzed monitoring data from six common point sources subject to regular 

monitoring and emissions limits to determine differences in emissions between 

mills, emissions performance relative to regulatory limits, and changes in 

emissions over time.   

3. Determined the environmental performance of each mill by evaluating dispersion 

modelling results and ambient air quality monitoring data.  Ambient air 

monitoring data was obtained from seven stations and the data was statistically 

analyzed to determine the difference in TRS concentrations between stations, the 

proximity of data to AAQOs, and changes in environmental performance over 

time.   

4. Gained insight into each mills approach to environmental management by 

reviewing the approval applications and corporate publications, and holding 

interviews with environmental managers.  The environmental management 

approach is represented in this study by environmental policies and practices, 

corporate sustainability reporting, and the adoption of best management practices 

by the mills, as represented by the European Union’s Best Available Techniques, 

which are “the most effective and advanced stage in the development of activities 

and their methods of operation…that are the basis for emission limits values 
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designed to prevent or reduce emissions and impact on the environment as a 

whole” (European Commission, 2001).  

5. Obtained data representative of the social influence on TRS management at each 

mill, as measured by ambient air quality monitoring around each mill and its 

proximity to receptors, and the number of public odour complaints received by 

both the mills and ESRD.  The data was gathered from ambient air quality 

analysis results, approval applications, database records, and interviews with mill 

employees.   

The research explores the management of one pollutant in one industrial sector, and 

considers the management of this particular pollutant (TRS) as indicative of performance in 

environmental management in a broader context.  The role that government, corporations, and 

the public play in influencing continuous improvement and managing environmental risks is also 

considered.  Continuous improvement applies to all areas of an operation and to all stakeholders, 

and it can make a large difference as day-to-day incremental change results in significant effects 

over time (Thornton, Kagan, & Gunningham, 2003).  Environmental risk is the actual or 

potential threat of adverse effects on living organisms and the environment arising out of an 

organizations activity.  The degree to which a company commits to responsible environmental 

management and sustainability may determine their ability to develop new markets, negotiate 

partnerships, and attract skilled professionals (O’Rourke, 2011).  It is often thought that 

environmental goals conflict with economic goals, but careful design and implementation of 

regulations can result in both economic and environmental success (Erbas, 2010).  All interested 

parties will likely benefit from this research because case study investigation can inform and 

contribute to practice by improving the reasoning of practitioners (Corceran, Walker, & Wals, 
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2007).  This occurs when parties confront their existing theories and exchange information to 

build new theories about what the goals should be and how they can be achieved (Corceran, 

Walker, & Wals, 2007).  The need to increase communication and collaboration between 

stakeholders and encourage continuous improvement will be paramount in managing cumulative 

effects and meeting place-based sustainability goals as social, environmental, and economic 

pressures continue to rise.  Gaining further insight into how regulatory, social, and corporate 

factors influence environmental performance will aid in refining the roles of all stakeholders, 

managing environmental risks, and  achieving desired environmental, economic, and social 

outcomes. 

This report includes a literature review, a description of the research methods, a 

presentation and discussion of the results, a summary of the conclusions drawn from the research 

and a list of recommendations.  My literature review examined (1) the most relevant literature on 

TRS emissions from Kraft Pulp mills; (2) the regulatory, corporate EMS, and social license 

factors that influence environmental performance; (3) the benchmarking of Alberta’s Kraft Pulp 

mill emissions to the leading practices of the European Union’s Best Available Techniques, (4) 

the economics of environmental responsibility, and (5) the competitiveness of Canada’s Pulp and 

Paper industry.  The methods section describes the mixed methods approach I employed to 

achieve my research objectives and how qualitative and quantitative data were collected, 

prepared, and analyzed.  In the results section, I present the regulatory factors, the corporate 

EMS factors, and the social license factors at play. In the discussion section, I interpret the 

research results and draw inferences from the findings in support of my research objectives.  

Finally, the conclusion section summarizes my findings and provides recommendations on how 
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to improve the regulatory framework, and how the roles of all stakeholders must be redefined if 

we are to achieve our desired outcomes. 

 

 

Literature Review 

 

TRS Emissions and health effects from Kraft Pulp mills 

Total reduced sulphur compounds are a complex family of substances characterized by 

reduced sulphur and strong odours that are emitted from various natural and anthropogenic 

sources.  TRS is comprised of 95% hydrogen sulphide, methyl mercaptan, dimethyl sulphide, 

and dimethyl disulphide, and the remaining 5 % is made up of various other reduced sulphur 

compounds present in small amounts or only at specific locations (Foster et al., 2004).  Kraft 

pulp mills are the greatest sources of anthropogenic TRS, followed by natural gas wells and 

processing facilities, crude oil extraction and processing, smelters, steel mills, chemical 

manufacturing, and waste handling and treatment facilities (Foster et al., 2004).  In Alberta, TRS 

emissions from Kraft Pulp mills are second only to TRS emissions from the oil and gas industry 

(Foster et al., 2004).  It is estimated that the contributions of natural and man-made sources are 

approximately equal, but there are still many uncertainties in the global sulphur budget and 

increases in human input disturb other components of the biogeochemical sulphur cycle (Foster 

et al., 2004).  TRS concentrations are elevated within the immediate vicinity of emission sources 

and dissipate as they disperse and as chemical reactions occur (Foster et al., 2004).  Ambient 

concentrations vary with seasonal and climatic conditions.  Greater emissions tend to occur 

during the ice-free growing season as greater biological activity is taking place and there is a 

higher gaseous exchange between soil, water, and the atmosphere (Foster et al., 2004).  
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The Kraft pulping process produces pulp of a high strength and brightness because 

sodium hydroxide and sodium sulphide are used as “white liquor” in the cooking process to 

dissolve wood chips.  The use of these compounds results in TRS formation during the cooking, 

washing, evaporation and chemical recovery stages of the process.  Consequently, TRS is 

emitted from various sources around the mill as follows:  

(1)  The Recovery Boiler emits H2S when combustion conditions create oxygen reducing 

environments;   

(2) The Lime Kiln primarily emits H2S when combustion conditions create oxygen 

reduced environments;  

(3) TRS is also emitted in the form of non-condensable gases (NCGs), which are 

composed of TRS, methanol, turpentine, carbon dioxide, nitrogen, and water.  

Emissions of NCGs are divided into two categories: concentrated gases and dilute 

gases (European Commission, 2001): 

a. Concentrated NCGs are emitted from the digester, evaporation plant, and 

condensate stripper, but are usually collected and burned in the Lime Kiln, 

Recovery Boiler, or a separate incinerator with scrubber (European 

Commission, 2001).  

b. Diluted NCGs are generated during chip pre-steaming, screening, pulp 

washing, smelt dissolving, and in the various tanks containing black liquor.  

Some mills collect and burn dilute NCGs in either the Recovery Boiler or 

Lime Kiln, or direct them to a scrubber.   
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c. Condensates are NCG vapours generated in the digesters and black liquor 

evaporators and are usually collected and treated separately in a stripper.  The 

stripper removes most TRS and organic compounds from the liquid, and gases 

are then incinerated in the Lime Kiln or a dedicated burner.  The stripped 

condensates (weak condensates) can be reused as wash water in the bleach 

plant, as Lime Kiln scrubber liquor, or as white liquor make-up water 

(European Commission, 2001).   

(4) TRS is also emitted from various other sources such as the smelt dissolving tanks, 

sludge dredging and dewatering operations, tall oil acidification, brownstock washers, 

digester blow vents, turpentine production, liquor storage tanks, and wastewater 

treatment areas (Bordado & Gomes, 1998).  The composition of TRS compounds and 

emissions rates can vary greatly between sources in the mill and the age of the mill 

(Bordado & Gomes, 1998).   

TRS sources and emissions concentrations from Alberta’s mills will be examined further 

in the results section of this paper.  A detailed description of the Kraft Pulping process and 

resulting waste streams can be found on the European Commission’s website in their Best 

Available Techniques Reference document for the Production of Pulp, Paper and Board.1 

The health effects of TRS exposure are diverse and dependent on the specific compound, 

exposure conditions, and individual sensitivities (Bordado & Gomes, 1998).  Known toxicity to 

humans occurs at 10 ppm (14 mg/m3) for hydrogen sulphide, at 0.5 ppm (1 mg/m3) for methyl 

mercaptan and is unknown for dimethyl sulphide and dimethyl disulphide (Bordado & Gomes, 

                                                 

1http://eippcb.jrc.ec.europa.eu/reference/BREF/PP_revised_BREF_042015.pdf   



FACTORS INFLUENCING ENVIRONMENTAL PERFORMANCE 23 
 

 

1998; Foster et al., 2004).  People living near Kraft Pulp mills are unlikely to be exposed to such 

high concentrations, but they are often exposed to chronic, low levels of TRS, the effects of 

which have not been extensively researched.  Overall, there is a scarcity of effects information 

for TRS other than H2S, especially for chronic low-level exposure (Foster et al., 2004).  The 

olfactory detection levels for the four primary TRS compounds are very low and TRS odours can 

be detected in small quantities at great distances from the source.  Detection levels range from 

0.9 ppb to 8.5 ppb (0.0013 to 0.0119 mg/m3) hydrogen sulphide, 0.6 ppb to 40 ppb (0.0012 to 

0.08 mg/m3) methyl mercaptan, 0.1ppb to 3.6 ppb (0.00025 mg/m3 to 0/009 mg/m3) dimethyl 

sulphide, and 0.1 ppb (0.00038 mg/m3) dimethyl disulphide (Bordado & Gomes, 1998).  

Tenhunen Savolainen and Jäppinen (1983) briefly studied the effects of TRS exposure to pulp 

mill workers at time-weighted average concentrations of 0.05 ppm to 5.2 ppm of H2S, 0.07ppm 

to 2.0 ppm methyl mercaptan, and 0.03 ppm to 3.2 ppm dimethyl sulphide.  The authors found 

no difference in the number of complaints compared to the control sample, but they did take 

more sick days.  In 1995, Marttila, Jaakkola, Partti-Pellinen, Vikka and Haahtela published the 

results of their longitudinal study to assess the relationship between daily TRS exposure and eye, 

respiratory, and central nervous system symptoms in a small population living close to a pulp 

mill.  Six consecutive questionnaires were answered by 81 adults that focused on the intensity of 

exposure response patterns to medium (10-30 ug/m3) and high (>30 ug/m3) exposures compared 

to reference conditions (< 10 ug/m3).  They found that the mean daily intensity of symptoms was 

significantly higher, and the probability of experiencing more or fever symptoms was increased 

on days of medium and high exposure compared to reference days.  Their results suggest that 

relatively low daily levels of TRS (< 10 ug/m3) can cause exposure related short-term adverse 

effects.   Partti-Pellinen, Marttila, Vikka, Jaakkda, and Haahtela (1996) studied the effects of 
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very low levels of ambient sulphur compounds on eye irritation, respiratory tract, and central 

nervous systems of residents of a Kraft pulp mill community and a reference community in 

Finland.  Residents in the pulp mill community who were exposed to an annual average of 2-3 

ug/m3 TRS and 1 ug/m3 sulphur dioxide reported experiencing more coughs, respiratory 

infections and headache during the previous month and year than residents in the reference 

community.  Legator, Singleton, Morris and Philips (2001) also studied the effects of chronic 

low-level industrial H2S in exposed and reference communities.  In one town in Texas, ambient 

concentrations of H2S from industrial wastewater ponds ranged from 101-201 ppb (150-300 

ug/m3)  over 24 h and 7-27 ppb (3-40 ug/m)3  annually.  In an exposed town in Hawaii, 

monitoring data from geothermal energy activity revealed low ppb levels, but episodes of high 

concentrations ranging from 200-500 ppb were recorded.  Like the findings of Partti-Pellinen et 

al. (1996), the responses of exposed communities were very similar in major symptom categories 

and individual symptoms reported were elevated in the exposed versus reference communities 

(Legator et al., 2001).  The authors found that participants identified a variety of health 

symptoms associated with chronic exposure to low levels of H2S (Legator et al., 2001; Partti-

Pellinen at al., 1996).   

Like all community-based observations, the results of these studies require extension and 

confirmation through further research to validate whether adverse health effects due to chronic 

low-level exposure to TRS compounds occur at concentrations lower than previously reported 

(Partti-Pellinen et al., 1996).  It is unknown if the signs and symptoms observed indicate long 

term health effects, but combined with odours, they can certainly make daily life uncomfortable 

(Partti-Pellinen et al., 1996). 
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Sources of Environmental Performance 

 The factors that influence environmental performance have been the focus of research by 

regulators, industry, and academia for many years.  However, there is still a lot to learn about 

what motivates industry to perform well and what social policy tools are effective in achieving 

improved corporate environmental performance (Thornton, Kagan & Gunningham, 2003).  

Thornton et al. (2003) examined how the regulatory regime, corporate EMS, and social pressure 

influenced the environmental performance of 14 pulp and paper manufacturing mills in 

Australia, New Zealand, Canada, and the US.  They found that although economics can influence 

environmental performance both negatively and positively, the variation in performance between 

the mills was not closely related to economic variables. Thornton et al. (2003) concluded that 

most large improvements in environmental performance on a whole were linked to the tightening 

of regulatory requirements.  They noted that social license pressure also played an important 

role, but what separated the top performers from the other players the most was corporate 

environmental management (Thornton et al., 2003).  A large variance in environmental 

performance still exists within the sector; and in some cases, poorer performers emit three to four 

times more pollution than top performers (Thornton et al., 2003).  Thornton et al. (2003) 

suggested that government policies be specifically designed to encourage forward-looking 

corporate environmental management. 

Regulatory Framework 

Vast improvements in environmental regulation have been made since the command and 

control approach of the 1970s and existing laws have brought about significant improvements in 

corporate environmental performance (Thornton et al., 2003).  The primary objective of 

regulatory permitting has been to: a) limit waste through pollution prevention and end-of-pipe 
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treatment, and b) ensure that wastes are dispersed effectively in the environment so they do not 

cause impairment to human or environmental health (Environment Directorate OECD, 1999).  

From an economic perspective, properly designed and well enforced regulation efficiently and 

effectively places the onus on polluters to internalize their externalities rather than imposing 

them on society, thereby levelling the playing field and forcing inefficient plants to exit the 

industry (Lyon, 2013).  Regulation can be very powerful, but it can also have limitations due to 

high implementation costs, lengthy proceedings, and pressure from lobbyists (Lyon, 2013).    

The selection of indicators for legal limits, the time for achieving compliance, and the 

enforcement structure that make up the regulatory framework all influence the technological 

response of a mill (Environment Directorate OECD, 1999).  In 1991, economist Michael Porter 

hypothesized environmental regulation can have a positive effect on performance relative to 

foreign competition by stimulating domestic innovation (Jaffe & Palmer, 1996).  The Porter 

Hypothesis generated much debate and research over the years, but it has been difficult for 

researchers to isolate the effects of regulation on technological innovation from the effects of 

other factors (Erbas, 2010).  Jaffe & Palmer (1996) had trouble in their exploration of whether 

changes in regulatory stringency were associated with more or less innovative activity.  After 

examining environmental expenditures and innovation in several manufacturing industries, their 

findings at the industry level were mixed in support of Porters hypothesis, but they did support 

the hypothesis that certain types of environmental regulations will stimulate certain types of 

innovation.  Jaffe & Palmer (1996) were not specific about the best regulatory approach to be 

employed, but it was clear that an inflexible “command and control” approach acts as a 

disincentive for research and development. 
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It is unanimous that regulatory standard setting is important, but in some cases it has 

come at unnecessarily high costs and in recent decades, business leaders, academics, and 

politicians have all called for greater flexibility in environmental regulation.  Thornton et al. 

(2003) suggest that further gains in environmental performance require innovation that will only 

be brought about through partnership between industry and regulators. Government plays a vital 

role in advancing corporate environmental responsibility by selecting and effectively applying an 

appropriate combination of regulatory and non-regulatory tools (Jamison et al.,  2005).  

Regulators would be strategic to identify industry leaders, ways of rewarding them for their 

compliance and environmental commitment, and work closely with them to determine what 

innovations are feasible and may become the basis of future regulation for the industry (Thornton 

et al., 2003).  Regulation that serves as a collaborative mechanism rather than a rigid set of 

uniform rules is the key to innovation and narrowing the spread between environmental leaders 

and laggards (Thornton et al., 2003).   

 Corporate Environmental Management 

  The limitations of regulation have resulted in a distinct shift in recent years from 

mandatory to voluntary approaches to environmental regulation like industry self-regulation, 

negotiated agreements, and public voluntary programs (Lyon, 2013).  The extent to which firms 

undertake voluntary efforts is determined by their willingness and ability to do so as influenced 

by management, employees, regulators, and environmental groups (Lyon & Maxwell, 1999).  

Stakeholder expectations are rising and more companies are responding by embracing voluntary 

initiatives to guide responsible environmental management (Christiansen & Garcia, n.d).   

Voluntary initiatives commonly adopted include Environmental Management Systems 

(EMS) and Corporate Sustainability Reporting (CSR).  An Environmental Management System 
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(EMS) is a framework for managing environmental efforts in a way that integrates the 

organizations business goals (US Environmental Protection Agency (US EPA), 2012).  There are 

many models for an EMS and the ISO 14001 standard is one framework that is used extensively 

worldwide.  An EMS includes all the policies, processes, procedures, functions, resources, and 

feedback loops put in place by a company to achieve its desired objectives (Praxiom Resource 

Group Limited, 2012).  A well-developed and implemented EMS can improve environmental 

performance, enhance compliance, increase efficiency, reduce operating costs, attract new 

customers, improve employee morale, and enhance public image (US EPA, 2012).   

Corporate Sustainability Reporting (CSR) is the organizational reporting of 

environmental, social, and economic performance with the goal of improving corporate 

sustainability and contributing to global sustainable development (Global Reporting Initiative, 

2013).  The Global Reporting Initiative (GRI) is recognized and used worldwide as an accepted 

reporting framework that promotes transparency to help improve the sustainability of 

corporations and contribute to global sustainable development (GRI, 2013).  The GRI’s 

Sustainability Reporting Guidelines define report content to ensure quality information by 

outlining the standard disclosures to be made by the organization with respect their strategy and 

profile, management approach, and economic, environmental, and social performance indicators 

(GRI, 2006).  Report content is defined based on the principles of materiality, stakeholder 

inclusiveness, sustainability context, and completeness.  GRI’s reporting principles for defining 

quality of information include balance, comparability, accuracy, timeliness, clarity, and 

reliability.  The Sustainability Reporting Guidelines outline the tests to be performed to ensure 

the principles for content and quality are met by organization’s reporting to the GRI platform. 

The GRI guidelines also describe the performance indicators that elicit comparable information 
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on an organizations economic, environmental, and social performance.  For the time period 

reviewed in this study, GRI had identified nine economic indicators, thirty environmental 

indicators, and fourteen social performance indicators on which organizations could report.  

Organizations that have prepared a CSR are asked to self-declare the level to which they have 

applied GRI’s Reporting Framework based on criteria defined for application levels A, B and C, 

and with our without a “+” sign to indicate whether the report has been externally verified. G4 

reporting guidelines introduced in 2013 have changed this approach and reporting organizations 

will need to change their reporting practices as a result. The trend toward transparency and 

reporting is a result of a more socially and environmentally aware culture, and reporting provides 

an effective way of meeting the demands of the global community (O’Rourke, 2011).  Lyon and 

Maxwell (1999) found that greater transparency to the public alone could spur greater 

environmental protection.     

Voluntary approaches to environmental regulation play different roles around the world 

and have had varying degrees of success (Lyon, 2013).  The OECD conducted a joint study with 

Ethical Investment Research Services Ltd. to examine the environmental practices of large 

publicly traded companies in Europe, North America, and Asia-Pacific (Christiansen & Garcia, 

n.d).  Researchers focused on three elements of environmental management: 1) Environmental 

policy statement, 2) Environmental Management System, and 3) Environmental Reporting.  The 

study found that of the 1509 companies surveyed, 69% of companies in Europe publish 

environmental policy statements, followed by 62% in Asia-Pacific, and 44% in North America 

(Christiansen & Garcia, n.d). Policy statements were more prevalent in high impact sectors (like 

Kraft pulp mills) than medium or low impact sectors and the content of the policy statements 

varied geographically (Christiansen & Garcia, n.d).  Ninety five percent of all companies were 
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committed to compliance with the law and 74% in Asia-Pacific were committed to operating 

above legal requirements, followed by 47% in North America and 37% in Europe (Christiansen 

& Garcia, n.d).  Overall, commitment to voluntarily initiatives was only 30%, and slightly more 

prevalent in high impact sectors in Europe (Christiansen & Garcia, n.d).  The study found the 

adoption of EMS was similar to that of the policy statement and ISO 14001 was the dominant 

EMS standard used by industry in all regions.  The percentage of companies found to be either 

ISO certified or ISO compatible was 80% in Asia-Pacific, 66% in Europe and 48% in North 

America.  Companies with an EMS that was not certified or ISO compatible represented 43% in 

North America, 23% in Europe, and 8% in Asia.  Environmental Reporting was found to be less 

common than the other practices, with only 50% participation in Europe and Asia-Pacific, and 

only 17% participation in North America (Christiansen & Garcia, n.d).  The Global Reporting 

Initiative is a commonly used reporting framework, but there are other reporting frameworks, 

and a large variance in scope between reports was observed.  The authors concluded that no 

region is truly homogeneous and one should be careful not to infer regional practices are similar 

(Christiansen & Garcia, n.d).  Christiansen & Garcia (n.d) also cautioned that it was risky to 

draw conclusions about a company’s environmental performance based on their reporting and 

environmental tools alone.   

The literature revealed that the likelihood of adopting voluntary initiatives is related to 

certain firm characteristics, perceptions, and economic motivations.  Lyon and Maxwell (1999) 

reviewed extensive empirical findings and found that larger firms, firms who invest more in 

R&D, and firms with poorer environmental records are more likely to undertake voluntary 

agreements.   They also found that the likelihood and extent of voluntary actions increased with 

the perceived strengthening of regulatory, community, environmental, and industry group 
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pressure (Lyon & Maxwell, 1999). Lyon and Maxwell (1999) concluded that investors react 

negatively to news of poor environmental performance and firms respond accordingly.  Hart and 

Ahgua (1996) and Khanna, Quimco & Bojilova (1998) found that although voluntary actions 

may result in negative short-term economic impacts, they lead to positive long run return on 

investment (Lyon & Maxwell, 1999). 

Unfortunately, Thornton et al., (2003) found there are limits to the extent that corporate 

EM can shape voluntary environmental performance because of capital constraints imposed by 

economic licenses, even for true believers of corporate sustainability.  Furthermore, Kim and 

Lyon (2012) determined that voluntary initiatives could also create the illusion of environmental 

progress, thereby slowing the development of meaningful regulation (Lyon 2013).  In 

conclusion, voluntary approaches have their merits and although they may not achieve the same 

level of performance as some regulatory tools, they can lower costs, accelerate information 

dissemination, build regulatory capacity, and achieve modest environmental benefits (Lyon, 

2013).  Empirical studies support the proposition that self-regulation can be an effective 

supplementary tool within the current regulatory system, rather than as a substitute, (Lyon & 

Maxwell, 1999) and are most useful in achieving environmental improvements when scientific 

information is imprecise, political will is lacking, or regulatory capabilities are weak (Lyon, 

2013). 

 Social license to operate 

Environmental performance is not only influenced directly by government regulation and 

corporate environmental management, but also by a company’s social license to operate.  

Businesses are intrinsically linked with the societies in which they operate as every decision they 

make affects the surrounding community and natural environment for better or for worse 
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(O’Rourke, 2011).  Social pressures are placed on firms to operate in an environmentally 

responsible and sustainable manner by environmental activists, local community groups, and the 

general public (Thornton et al., 2003).  Pressure may take the form of direct communication, 

publicity, or complaints to the government.  In some instances, social pressures might be more 

demanding than legal requirements might.  Such is the case with odours that are more concerning 

to nearby residents than they are to remote actors (Thornton et al., 2003). 

The Pembina Institute, an Alberta-based non-governmental organization (NGO) and 

environmental think tank, explored the perspectives of Canadian NGOs through research, 

surveys, interviews and workshops.  Although there was some variance in opinion, the 

expectations held by NGOs with respect to corporate environmental management are high 

(Jamison et al., 2005).  According to Jamison et al. (2005), NGOs expect companies to: a) 

commit to sustainability and a net positive environmental and social impact, b) operate within 

finite ecological limits using materials and energy management, and c) engage stakeholders with 

full transparency and accountability.  NGO’s expectations of environmental performance did not 

differ between companies of varying size or ownership structures even though these factors can 

present opportunities and challenges for a facility to adopt corporate environmental 

responsibility.  Rather than voluntary initiatives, most NGO’s would prefer government institute 

legally binding regulatory approaches, as opposed to voluntary initiatives, and limit corporate 

lobbying to allow other stakeholders to be involved in policy discussions that help advance 

environmental responsibility (Jamison et al, 2005).  

Social pressure is only as effective as the degree to which the company responds, but 

Thornton et al. (2003) found that in general, social license demands did matter in improving 

performance.  Mills that were subject to more activism tended to have lower emissions and go 
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beyond compliance (Thornton et al., 2003).   Mills that go beyond compliance sometimes do so 

to enhance their reputation as environmental citizens because it is viewed as good for business in 

the long run (Thornton et al., 2003).  

Benchmarking of Alberta’s Kraft Pulp Mill Air Emissions 

Generally, the compliance history and environmental performance of regulated facilities 

is not readily shared with the public by the Government of Alberta, with the exception of 

emergency situations and enforcement action.  I found only one study initiated by the 

Government of Alberta that benchmarked Alberta’s Kraft pulp mills with those of other 

jurisdictions.  The purpose of the Technical and regulatory review and benchmarking of air 

emissions from Alberta’s Kraft Pulp Mills was to: (a) compare Alberta’s mill regulations and 

emissions performance to national and international standards, (b) identify Best Available 

Techniques, and (c) present methods to address venting, low-cost control measures, and “early 

wins” that combine economic and environmental benefits (Bruce Process Consulting, 2008).  

Comparing the limits of demanding jurisdictions in pulp producing countries is a good indicator 

of Kraft Pulp mill best practices, and both emissions and emissions limits have improved over 

time around the world (Bruce Process Consulting, 2008).   

A comparison of the most demanding emission limits revealed that in most cases, the 

lowest emission limit based on what is achievable using best practices is a fraction of Alberta’s 

emission limits (Brue Process Consulting, 2008).  In all cases, TRS emission limits for all 

sources were slightly lower in other jurisdictions than at Alberta’s Kraft mills, except for the 

emissions limits for smelt dissolving tanks, which are more stringent in Alberta than the current 

best practices worldwide.  The study compared Alberta’s mill emissions data in 2005 with other 

Canadian and US Kraft mills as comparisons with mills in Finland and Sweden could not be 
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done because of data compatibility issues.  The study found that TRS emissions from Alberta’s 

mills in 2005 were significantly lower from all sources examined, but the reason was not 

investigated (Bruce Process Consulting, 2008).  Direct comparisons of Alberta mill venting times 

with those of the US could not be performed due to differences in defining venting and 

ambiguous descriptions of monitoring methods in some of Alberta’s mill approvals (Bruce 

Process Consulting, 2008). The study found that venting of TRS gases from Alberta mills in 

2005 occurred at a small fraction of Alberta’s limits, but that Alberta allows more venting than 

other jurisdictions.  The study did find the venting of two of Alberta’s top mills comparable to 

the venting times of some Swedish mills.  Although, it was noted that Alberta’s approach to 

venting, which allows a certain number of hours per month, was a departure from venting 

exemptions of other jurisdictions, which only allow venting during start-up, shutdown, and 

malfunction of the collection systems.  The authors noted that advanced dispersion modeling 

using sophisticated models that include emissions from venting and effluent treatment would 

project nuisance odour estimations more accurately and help inform permitting.  A review of 

cross-jurisdictional requirements in the study concluded that the US, European Union, and World 

Bank guidelines are at the fore front of pulp and paper regulation (Bruce Process Consulting, 

2008). 

 Regulatory approaches around the world 

An international benchmarking study was launched by the Organization for Economic 

Cooperation and Development (OECD) in 1993 to increase understanding of how environmental 

requirements were set around the world and how BATs and environmental quality objectives 

were incorporated into regulatory permitting (Environment Directorate OECD, 1999). Led by 

Environment Canada, the report analyzed the regulatory approaches of ten countries, and the 
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permitting of Kraft pulp mills in six of those ten countries: Belgium, Canada, Finland, New 

Zealand, Sweden, and the US.  The study found that in seven of the 10 countries, permits were 

issued by either the federal or state/provincial governments, and a constituted body designated 

with authority issues permits in Sweden, Finland, and New Zealand.  The study found that two 

approaches are taken to setting emission limits (Environment Directorate OECD, 1999).  The 

most common approach is to use national or state standards founded on the lowest emissions 

achievable using best available techniques.  Dispersion models are used to evaluate the impacts 

and compare results to Environmental Quality Objectives (EQOs) (Environment Directorate 

OECD, 1999).  If dispersion modeling results in exceedances of EQOs, stricter limits are applied.  

The second method is to permit each facility on a case by case basis and apply site specific BATs 

and EQO factors to determine permit limits, which may be more effective than the latter 

approach (Environment Directorate OECD, 1999).  In either case, balancing technology and 

EQOs is part of the permitting process. Emission limits are based on existing technology capable 

of achieving them and specific technologies are not mandated, but may be agreed upon between 

the regulator and the firm.  Emission limits are applied to different sources at a mill for common 

pollutants including TRS, and in Sweden and Finland, some permits also set mass emission 

limits for the entire operation.  Similar limit values were observed for major process units in each 

country and it appeared that most mills had discharges lower than their regulatory limits 

((Environment Directorate OECD, 1999). In addition to point source permitting, collection of 

NCGs is especially important in the Kraft Pulp industry and has steadily improved since mills 

began collecting NCGs from the digesters, evaporators, and strippers in the 1970s.  NCGs are 

being captured from even more sources today with incineration in the Power Boiler, Lime Kiln, 

or dedicated incinerator in some cases.  The Environment Directorate of the OECD (1999) also 
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learned that mills in different countries have implemented similar technological measures in 

response to permit conditions, despite the wide variety of permitting systems used by different 

jurisdictions.  

As identified by Bruce Process Consulting (2008), the regulatory regimes set by the US, 

the European Union, and the World Bank are seen as the leading regulatory frameworks for 

Kraft Pulp mill emissions in the world. The approaches taken by each jurisdiction, as well as 

Canada, are noted as follows:   

• The US regulatory framework for Kraft Pulp mill emissions is based on the Clean Air 

Act and its amendments (United States Environmental Protection Agency (US EPA), 

2013).  Best Available Control Technology (BACT) was introduced in the 1977 

amendment of the act and applied to all new mills and significant mill expansions (US 

EPA, 2013).  Establishing BACT is more of an exploratory process than a prescribed list 

of technology and techniques like the approach developed by the EU (Bruce Process 

Consulting, 2008). Determining BACT requires the proponent identify all technologies, 

eliminate infeasible options, rank available options in order of emissions performance, 

and evaluate the cost-effectiveness of those options.  The results are then presented to the 

regulatory authority for negotiation (Bruce Process Consulting, 2008).  Unlike the EU’s 

BATs, the US BACT makes no reference to the operation, maintenance and performance 

of the technology to be employed (Bruce Process Consulting, 2008). In the US, TRS 

emissions are also guided by Maximum Acceptable Control Technology (MACT), which 

was introduced in the 1990 amendment of the Clean Air Act when the National 

Emissions Standard for Hazardous Air Pollutants and Cluster Rules were implemented 

(US EPA, 2013).  The Cluster Rules integrated laws for discharges to water, land, and air 
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to ensure control of hazardous pollutants, such as reduced sulphur compounds and 

volatile organic compounds (US EPA, 1997), which comprise Kraft mill NCGs.  The 

introduction of MACT was a significant change for new and existing sources.  Although 

MACT did not require the installation of back-up incineration systems for NCG gases, it 

imposed stringent venting limits and the development of Start-up, Shutdown and 

Malfunction Plans for the collection and incineration of NCGs, detailed record keeping, 

preventative maintenance plans, and proof of compliance on a continuous or near 

continuous basis (Bruce Process Consulting, 2008).   

• The European Union’s regulatory framework is founded on the Integrated Pollution 

Prevention Control (IPPC) Directive (1996), the goal of which is to minimize pollution 

and account for all aspects of environmental performance through the life cycle of a 

project.  The IPPC Directive is based on an integrated, flexible approach, public 

participation, and Best Available Techniques (BATs). Bruce Process Consulting (2008) 

found little difference between the European Union’s BATs and Tasmania’s Modern 

Accepted Technology in its comparison of new best practices around the world.  They 

both describe BATs in detail and require the collection and incineration of concentrated 

and diluted NCGs, with back-up incineration for concentrated gases, as well as numerous 

other progressive approaches to managing odours (Bruce Process Consulting, 2008) that 

are described further in this literature review.  The BAT approach emphasizes that BATs 

must be adopted along with employee training, process control optimization, proper 

maintenance of critical process and pollution abatement equipment, and a well-developed 

Environmental Management System (Bruce Process Consulting, 2008). 
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• The Word Bank Group’s Environment, Health and Safety Guidelines must be followed 

by pulp and paper plants that are being funded by the World Bank Group (2007). The 

EHS Guidelines are technical reference documents that outline the measures and 

performance levels achievable at reasonable costs at new facilities, or which can be 

phased in over time at existing facilities (World Bank Group, 2007).  Guideline selection 

is done based on site specific assessments, similar to the EU’s BATs, but advanced 

dispersion modeling results must not exceed 25% of air quality guidelines set by the host 

country or the World Health Organization, or special provisions must be taken (Bruce 

Process Consulting, 2008).  They also specify measures for controlling fugitive 

emissions, collecting and incinerating NCGs, and adopting EMS, which is on par with the 

EU’s BATs (Bruce Process Consulting, 2008).  This is a progressive approach, especially 

as many installations will occur in countries with less robust regulatory regimes than 

those of the developed world, but there is no  verification of compliance to the World 

Bank Group once the project is operational.    

• In Canada, emissions from pulp mills are regulated at both federal and provincial levels.  

The Canadian Environmental Protection and Enhancement Act, 1988, led to the 

establishment of the Priority Substances List and the National Pollutant Release 

Inventory, which focused on interprovincial and transboundary air quality management 

(Bruce Process Consulting, 2008).  In Canada, each province applies tools to manage air 

quality at the local level based on public health, complaints, environmental quality and 

current best practice technology and performance.  This is accomplished by permitting 

point source emissions limits and/or ambient air quality, and technology based tools 
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(Bruce Process Consulting, 2008).  The regulatory approach taken in Alberta is described 

in detail in the next section.  

Alberta’s Air Quality Management System  

Alberta has experienced significant population and economic growth that has resulted in 

increased emissions and pressure on its airsheds (Government of Alberta, 2012).  The public’s 

interest in health related air quality issues has also increased: air quality can be a concern at 

times in some areas of the province (Government of Alberta, 2012).  The Government of Alberta 

(2012) recognized that a renewed attention to air quality management was needed and they 

recently introduced a renewed Clean Air Strategy.  The strategy is based on the principles of 

sustainability, continuous improvement, inclusiveness, policy efficiency, and transparency and is 

founded on Alberta’s Air Quality Management System (AQMS).  The purpose of Alberta’s 

AQMS is to manage air quality to support the well-being of the population and economic 

sustainability; as well as maintain, protect, and sustain healthy ecosystems (Government of 

Alberta, 2012).  Alberta’s AQMS employs a cumulative effects management system (CEMS) 

approach that helps anticipate future pressures and establish acceptable limits on the 

environmental effects of development.  Specifically, the system incorporates regulation of large 

point-source emissions, ambient air quality objectives, ambient air monitoring, and reporting on 

air quality.  The strategic direction of the policy emphasizes regional air management of point 

and non-point sources; shared responsibility and partnerships; integrated monitoring, evaluation, 

reporting; and knowledge enhancement (Government of Alberta 2012). 

Alberta’s Industrial Air Quality Management Systems (IAQMS) forms part of the overall 

AQMS and connects approvals, dispersion modeling, source emissions limits, source monitoring, 

AAQOs, ambient air monitoring, and environmental reporting.  Approvals are the 



FACTORS INFLUENCING ENVIRONMENTAL PERFORMANCE 40 
 

 

implementation tool for the IAQMS and they specify allowable emission sources, point source 

emission limits, pollution control technology, operational procedures and parameters, stack 

design criteria based on dispersion modeling results, and environment monitoring and reporting 

requirements. The Industrial Release Limits policy was developed to help ESRD staff set 

industrial release limits for approvals issued under EPEA and states that point source emission 

standards typically specify allowable emission rates, concentration, equipment, procedures and 

prohibited practices (Alberta Environment, 2010).  Emissions limits are designed to prevent 

adverse effects and level the playing field among similar facilities (Alberta Environment, 2010). 

The regulator determines the release limits that can be achieved based the most effective, 

demonstrated pollution abatement technology, and the release limits required to maintain 

ambient air, water, and soil quality (Alberta Environment, 2010).  The more stringent of the two 

is then applied as the limit (Alberta Environment, 2010).   

Limits are often adopted from other jurisdictions, such as Environment Canada, the US 

Environmental Protection Agency, or the Canadian Council of Ministers of the Environment, but 

sector specific performance based limits may also be developed where a sufficient number of 

facilities exist.  Determining sector specific limits involves reviewing literature on new treatment 

processes and pollution prevention and abatement technologies, identifying significant pollutants 

and their effects, conferring with other regulators and reviewing their regulations and limits, 

conducting site visits and gathering data, consulting with industry and the public, and analyzing 

the economic impact of the treatment technology on the industry.  Sector specific point source 

limits are designed to be performance based and stringent.  They should (a) not result in either an 

economic advantage or disadvantage, (b) recognize the varying economic capabilities of 



FACTORS INFLUENCING ENVIRONMENTAL PERFORMANCE 41 
 

 

facility’s type and age, and (c) be periodically reviewed to keep pace with advancing technology 

(Alberta Environment, 2010) 

In Alberta, technological limits define the minimum acceptable limits for industrial 

facilities, but ambient-based limits can supersede technological based limits where ambient 

quality may be compromised.  However, there may be cases where AAQOs are not technically 

attainable.  Dispersion modeling of worst case emission conditions must be done to determine 

acceptable limits for meeting air quality objectives or some other standard.  In cases where 

AAQO based limits cannot be meet even with the most advanced control technology, three 

options are available: site specific consideration of AAQOs, scheduled implementation of 

AAQO based limits over a reasonable time frame, or approval to operate may be denied until the 

AAQO can be meet.  The final decision is based on the degree of environmental impact observed 

or predicted (Alberta Environment, 2010). 

  Dispersion modelling links source emissions to ambient air concentrations (Alberta 

Environment, 2011).  A computer model is used to determine the release conditions and stack 

heights required to disperse the pollutants sufficiently so that ambient air quality remains below 

AAQOs (Alberta Environment, 2011).  The Air Quality Model Guideline was developed to 

ensure dispersion modeling is done consistently across the province and using the best, most 

appropriate methods (Idriss & Spurrell, 2009).  Mathematical equations or physical models are 

used to relate numerous point source emissions and background conditions to resulting ambient 

concentrations (Idriss & Spurrell, 2009).  They also aid in determining the best location of new 

facilities and in designing an ambient air monitoring network (Idriss & Spurrell, 2009).  

Dispersion models indicate the influence of weather and different emissions scenarios on air 

quality and predict the areas that will be most impacted by emissions (Idriss & Spurrell, 2009).  
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New and existing facilities operating under approvals or codes of practice must perform 

dispersion modeling when a new, renewed, or amended approval is required (Idriss & Spurrell, 

2009).  The accuracy of data input to the model is extremely important and will reflect the 

accuracy of the model output (Idriss & Spurrell, 2009).  Dispersion models take into account 

many site specific emission and terrain factors, as well as background emissions within at least a 

5 km radius (Idriss & Spurrell, 2009).  A screening model is used first and if the AAQOs are 

met, the assessment is complete.  If AAQOs are exceeded, refined or advanced modeling is 

needed.  If AAQOs are still not met in the dispersion model, the applicant can consult with 

ESRD and redesign its emission sources (Idriss & Spurrell, 2009).    

Ambient monitoring and source emissions monitoring are usually part of a facilities 

approval conditions, and Alberta’s Air Monitoring Directive establishes the monitoring and 

reporting requirements.  Some facilities perform their own ambient monitoring and some 

participate in airsheds (Alberta Environment, 2011).  The number of stations, frequency and 

duration of monitoring, and sampling techniques are all dependent on the parameters and 

emission rates.  Ambient monitoring may be done in various forms such as remote sensing, or 

passive sampling, but continuous, permanent ambient monitoring stations offer the most accurate 

information on ambient impacts and are used by Alberta’s Kraft Pulp Mills to monitor air 

quality.  Source emissions monitoring is specified in the approval for parameters applicable to 

the substance, size, and nature of the facility.  Source monitoring characterizes emissions, 

ensures pollution control technology is operating effectively, provides information for pollutant 

inventories, and is performed through in-stack and/or fugitive emissions monitoring.  

Environmental reporting of monitoring results to ESRD is specified in the approval and Air 

Monitoring Directive.  Each mill submits a summary of monitoring data and any problems 
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encountered via monthly and annual reports, but immediate reporting is required when there are 

non-compliances with approval conditions, or exceedances of the AAQOs.     

Guidance documents published by the Government of Alberta aid in understanding and 

ensuring consistency in the interpretation and application of Ambient Air Quality Objectives 

within the IAQMS (Alberta Environment, 2011).  Alberta’s Ambient Air Quality Objectives 

were developed based on scientific, social, technical, and economic factors to protect Alberta’s 

air quality (Alberta Environment, 2011).  Ambient air monitoring and objectives are used to 

determine adequate facility design, establish adequate stack heights and release conditions, and 

assess compliance and facility performance.  According to Alberta Environment (2011), 

industrial facilities must be designed and operated such that ambient air quality remains below 

Alberta’s Ambient Air Quality Objectives.  Alberta’s 1-hour and 24-hour ambient air quality 

objectives for H2S are 10 ppb (14 ug/m3) and 3 ppb (4 ug/m3) respectively (Alberta Environment, 

2013).  In 2004, Alberta Environment prompted a review of the scientific and technical 

information available on reduced sulphur compounds (RSC) in support of TRS guideline 

development.  The research was completed by a team at AMEC and consisted of a review of 

TRS compounds, their toxicological information related to human, animal, and vegetative health, 

TRS monitoring technology compounds, and various TRS management options (Foster, Yee, 

Palczynski, Dixon, Jackson & Kinneburgh, 2004).  The report concluded that the most common 

approach to managing TRS is to use odour perception at low levels to establish limits for TRS 

compounds.  The toxicological information gathered indicated that the use of odour as a limit 

threshold was also protective of human and vegetative health (Foster et al., 2004).  The authors 

reported that the literature regarding health effects of TRS exposure was limited and that any 

guidelines developed should be supported by research to confirm effect levels are appropriately 
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identified and characterized.  More specifically, the information currently available did not 

support the derivation of guidelines for individual TRS compounds, guidelines using an index 

approach, or surrogate guidelines.  Based on the abundance of effects data of H2S and the 

identified need to establish a TRS guideline, objective, or some other management approach, the 

authors recommended establishing guidelines based on relative concentrations of other 

compounds (i.e., the 1-hour concentration of TRS may not exceed X; of which no more than Y 

may be H2S, where Y<X) (Foster et al., 2004).  To date, such a guideline or objective has not yet 

been developed.  

Leading Practices of the European Union’s Best Available Techniques 

The European Union’s Best Available Techniques was chosen as the highest standard to 

which to compare practices at Alberta’s Kraft mills because it is recognized as a leading standard 

around the world and because of its integrative, holistic, and highly descriptive approach to 

managing environmental impacts. BATs were developed through a collaborative exchange of 

information and are defined as the most advanced activities and their methods of operation, 

designed to prevent or reduce emissions and impacts on the environment as a whole (European 

Commission, 2001), without compromising economic performance (Georgopoulou et al., 2008).  

The Reference Document on Best Available Techniques in the Pulp and Paper Industry, 

also referred to as a BREF document, captures the exchange of information between EU member 

states and Pulp and Paper industries on BATs and other sector developments (European 

Commission, 2001).  The BREF must be taken into account in accordance with Annex IV of the 

Council Directive on Integrated Pollution Prevention and Control when determining the 

appropriate combination of BATs (European Commission, 2001).  The BREF serves as a 

reference document to regulators of member states and other interested parties. Annex IV lists 
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other considerations that must be taken into account, such as the costs and benefits, as well as the 

principles of precaution and prevention.  Limit conditions must be based on what is achievable 

using BATs, taking into account the technological characteristics of the installation, its age and 

location, and local environmental conditions (European Commission, 2001).  Permit conditions 

must include provisions that ensure a high level of environmental protection and while BATs can 

be applied at new and existing mills, it is recognized that the installation of BATs in existing 

mills is usually more expensive due to fixed layouts, downtime, and depreciation (European 

Commission, 2001).  The environmental performance achievable using BATs is expressed as a 

range of values, which accounts for variations in the age and sizes of mills.  The TRS BAT 

emissions for both bleached and unbleached pulp has been calculated at 0.1 kg/ADt TRS and 0.2 

kg/ADt TRS (European Commission, 2001).  The idea behind BATs is to operate the whole 

system in an integrated manner to reduce emissions and environmental impact (European 

Commission, 2001).  Prevention is the most effective and preferred measure to reduce emissions, 

followed by implementing process technology, and finally, end-of-pipe treatment as a last option 

(European Commission, 2001).  In 2007, an exchange of information was initiated to review the 

original BREF and produce a revised reference document that re-evaluates emerging techniques, 

includes general technological trends, loads and concentrations of air emissions, and  more 

information about the differences in environmental performance in relation to the size and age of 

a plant.  In 2015, the European Commission published a working draft of the new BAT BREF.    

The BREF document identifies and describes each Best Available Technique employed 

by the top performers to prevent and reduce emissions, waste, energy and raw materials at new 

and existing mills.  The document provides a description of each technique and discusses its 

applicability, environmental performance achieved, emissions monitoring, cross media effects, 
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operational experiences, economics, driving forces for implementation, and reference literature 

(European Commission, 2001).  Most of the techniques are ubiquitous throughout Europe, only a 

few are installed at some mills, and the right combination of techniques offers both 

environmental performance and economic performance.  BATs applicable specifically to odour 

and TRS emissions include the following techniques: 

1) Collection of almost all spillages. 

2) Buffer tanks for concentrated liquids. 

3) Stripping of most concentrated contaminated condensates and reuse of most 

condensates in the process. 

4) Activated sludge biological wastewater treatment. 

5) Incineration of High Volume, Low concentration (HVLC) odorous gases in the 

recovery boiler. 

6) Incineration of HVLC and Low Volume High Concentration (LVHC) odorous gases 

in the Lime Kiln. 

7) Incineration of HVLC and LVHC odorous gases in a separate furnace and scrubber. 

8) Improved washing of lime mud (European Commission, 2001). 

These techniques are explained further in the Results section of this report and a full 

description of each technique can be found on the European Commission’s website in their Best 

Available Techniques Reference document for the Production of Pulp, Paper and Board.2 

 

 

                                                 

2 http://eippcb.jrc.ec.europa.eu/reference/BREF/PP_revised_BREF_042015.pdf   
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The competitiveness of Best Available Techniques 

 The European Commission Joint Research Centre explored the impact of BATs on the 

competitiveness of the European Pulp and Paper industry by studying the practices of 21 Kraft 

mills, 11 in Europe, 7 in Canada, and 3 in Brazil. (Lindbloom, Triebswetter, & Hitchens (2001).  

Brazil and Canada were included in the study because of their significant Kraft pulp production 

and contribution to Europe’s pulp imports.  The mills were ranked into environmental 

performance categories A, B, and C based on their number of BATs and their emissions.  The 

authors determined that in Europe, five mills were rated A, five were rated B, and one was rated 

in the C category.  In Canada, one mill was rated A, three were rated B, and three were rated C. 

In Brazil, one mill was rated A, and two were rated B.  Lindbloom et al. (2001) determined that 

mills with higher environmental performance and many BATs shared the following 

characteristics: large size, low and medium age equipment, high productivity, volume growth, 

strong research and development, high skills, and strict regulation and enforcement.  Mills with 

lower environmental performance and a fewer number of BATs tended to be of smaller size, old 

age, low productivity, little volume growth, weak research and development, and soft regulation 

or soft enforcement.  Small European pulp mills mentioned that the disparity in regulations 

between regions was a potential threat when exporting to regions with lower environmental 

standards.  Researchers also found that there was some potential for external competition to 

replace poorer performing European mills in the market.  Compared to Canada’s pulp sector, the 

top environmental performing European mills have a lower or similar age, higher productivity, 

higher volume growth, more research and development, and slightly lower production costs, 

which suggest that Canadian mills are not a threat to European mills (Lindbloom et al., 2001).   

The perceived threats to Europe are from the newer, bigger mills in Brazil and Indonesia that 
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have economies of scale, high volume growth, and low cost, high quality fibre.  The authors 

noted that care must be taken in considering the transferability of BATs when BREFs are 

developed and that the financial success of some BAT firms does not necessarily mean that 

adopting BATs will not be problematic for other mills.  The key is to fully investigate the 

characteristics of BAT implementation before making conclusions about the feasibility of 

adoption (Lindbloom et al., 2001; Bordado & Gomes, 2003).  Bordado and Gomes (2003) 

evaluated BAT implementation for TRS reduction at six Kraft mills in Portugal.  They concluded 

that that costs to be incurred by pulp mills for efficient abatement of TRS was not dramatic and 

could be easily covered by the industry, resulting in an evident reduction of an important 

environmental impact (Bordado & Gomes, 2003).  Lindbloom et al. (2001) also found that it was 

important for individual firms to plan and time their BAT investments.  Allowing mills to 

develop and negotiate an investment plan that addresses environmental impacts in an integrative 

manner would facilitate adoption and provide the best chance of meeting environmental and 

economic goals (Lindbloom et al., 2001).   

 The European Commission’s Joint Research Centre also provided further insight into the 

structure of Canada’s Kraft Pulp sector.  The competitive strategy of Canadian mills is focused 

primarily on pulp characteristics and they face high distribution costs to markets in Europe and 

the US (Lindbloom et al., 2001).  Canadian mills in the study reported that the driver for 

implementing BATs was more related to cost reduction than regulation.  Canadian mill 

representatives stated they felt pressure to keep up with European standards when exporting to 

European markets and wanted to avoid slipping too far behind (Lindbloom et al., 2001).  They 

also mentioned they have taken measures to ensure they meet the same level of performance as 

the US Cluster Rules in order to maintain their market share in the US.  Some Canadian mills use 
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their environmental image as a competitive advantage, especially when compared to some of 

their competitors across the border (Lindbloom et al., 2001).       

The Economics of Environmental Performance in the Pulp and Paper Industry 

 The traditional worldview of economists and managers has been that environmental 

protection incurs additional costs and erodes global competitiveness (Ambec, Cohen, Elgie & 

Lanoie, 2010).  In 1991, that paradigm was challenged by Harvard Business School economist 

and strategy professor, Michael Porter, who turned the business community on its head when he 

declared, “well designed regulation could enhance competitiveness” (Ambec et al., 2010).  

Despite all the research on the topic, even today there remain misunderstandings, conflicting 

evidence, and alternative theories that explain the hypothesis.  In their review, Ambec et al., 

(2010) found that only well designed performance based or market based regulation leads to 

innovation.    

Lyon & Maxwell (1999) found that empirical research demonstrated that superior 

environment performance and financial performance are intertwined.  On a broad scale that 

encompasses environmental performance, corporate sustainability can determine a company’s 

ability to develop new markets, negotiate partnerships, attract new talent, and drive innovation 

that can be highly profitable (Lyon & Maxwell, 1999).  Although, O’Rourke (2011) found that 

most research to date shows only a weak correlation between sustainable companies and 

financial return.  This could be due to the relative recent, but quickly growing movement towards 

corporate sustainability, as well as the lag time between investing in a sustainable future and the 

return on investment (O’Rourke, 2011). 
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Competiveness of the Pulp and Paper Industry 

Concerns regarding the performance of Canada’s Pulp and Paper industry have been 

raised in recent years, as declining performance will adversely affect the well-being of Canadians 

(Tang et al., 2008).  A recent study found an increase of 2% Kraft pulp production from 1991 to 

2000, however, the Forest Products Association of Canada (2007) reported a 12% reduction in 

production between 2000 and 2005 and a 6% reduction between 2005 and 2006 (Tang et al., 

2008) due to the emergence of markets in Brazil, Russia, Scandinavia and the US as exporters.  

The US market is a large importer of Canadian Pulp and Paper and the authors wanted to explore 

whether the decrease in production was due to Canada’s decreased competitive advantage in the 

US.  Many resource economists have studied productivity to understand competiveness, but 

Porter (1990) explains there are four dimensions of competitiveness: productivity, demand 

conditions, the firm’s strategy, and related and supporting industries, not to mention exchange 

rates and trade policies, etc. The results of the study suggested that despite the drop in 

production, Canadian Pulp and Paper products are competitive with the US and the challenges 

they face are due to other reasons, such as declining demand in the US.  More research into other 

factors was recommended to reach a complete understanding of the competitiveness of this 

sector (Tang et al., 2008).  Canadian mills are built for market pulp sales rather than an 

integrated, domestic-oriented industry (Lindbloom, Triebswetter, & Hitchens 2001). According 

to the Pulp and Paper Products Council (2005), Canada’s Pulp and Paper sector has relied on 

demand from the US for over 60% of their exports for many years, so the fortune of Canada’s 

industry is highly dependent on US demand.  Tang et al., (2008) suggest that if the Canadian 

Pulp and Paper Industry wants to retain is dominant position in the world market, it will have to 

create global reach and develop new markets.  The authors do not present any suggestions for 
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how that position can be maintained and improved in the future, although the research reviewed 

suggests that improving environmental performance and corporate sustainability through 

flexible, collaborative regulatory mechanisms is the key to maintaining and improving Canada’s 

position on the world market.      

 

Methodology 

 

Consistent with the methods and recommendations of previous researchers (Lyon & 

Maxwell, 1999; Erbas, 2010; Jaffe and Palmer, 1996; Thornton et al., 2003), a mixed methods 

approach was utilized for this case study research to explore how the regulatory framework, 

corporate EMS, and social license factors were influencing the management of TRS emissions 

from Kraft Pulp Mills.  A case study approach is a flexible, adaptive, common and appropriate 

methodology for use in studies of sustainability (Corcoran, Walker, & Wals, 2004).  My mixed 

methods approach is based on the following research methods: 

• Quantitative and qualitative regulatory data collection and analysis  

• Statistical analysis of point source emissions and ambient air monitoring data. 

• Comparative analysis of approval conditions and dispersion modeling results  

• Qualitative analysis of voluntary factors  

• Comparative analysis of Environmental Policy, EMS, Best Available 

Techniques, and Corporate Sustainability Reporting at each mill  

• Qualitative and quantitative analysis of social license factors 

• Comparative analysis of community relations, proximity of mills to receptors, 

ambient air quality excursions, and public complaints  
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Data Collection and Analysis 

 My data collection strategy was to identify and collect data representative of regulatory, 

voluntary EMS, and perceived social license factors influencing the management of TRS 

emissions.  All data was collected through routine disclosure and with proper authorization, and 

was analyzed appropriately in support of my research objectives as described in further detail 

below. 

 Regulatory influence in TRS emissions management 

I explored how Alberta’s regulatory framework influences TRS emissions management 

from Kraft Pulp mills by looking into the regulatory mechanisms specific to TRS emissions at 

the mills.  The regulatory tools that directly influence TRS emissions performance are the mills 

EPEA approvals and Alberta’s Air Quality Management System.  The mills approvals and 

approval applications were obtained through a records request to ESRD.  The approval outlines 

approved emissions sources, operational standards, point source emissions monitoring conditions 

and limits, and ambient air quality monitoring requirements.  The approval also sets conditions 

for reporting on point source TRS emissions monitoring, venting of odorous gases, scrubber 

downtime, and ambient air quality. The approval application contains pertinent information 

related the facility as well as the results of emissions dispersion modeling.  The TRS related 

approval conditions and dispersion modeling results for each mill were reviewed and subject to 

comparative analysis.  Interviews were also conducted with ESRD employees to gain 

understanding of how approval regulatory requirements were set.     

TRS emission sources that were common between the mills, monitored regularly, and 

subject to limits were identified for statistical analysis.  The sources chosen were the Recovery 

Boiler, Lime Kiln, Smelt Dissolving tank, Low Volume High Concentration (LVHC) vent, High 



FACTORS INFLUENCING ENVIRONMENTAL PERFORMANCE 53 
 

 

Volume Low Concentration (HVLC) vent, and Condensate Stripper Vent.  These point sources 

were chosen for analysis as they are common between mills and they are subject to regular 

monitoring and emissions limits.  TRS emissions from each source were compared to their 

respective regulatory limits and to the emissions from the same sources at other mills to evaluate 

significant differences and changes over time.  Point source TRS emissions data from the mills 

was collected through Continuous Emissions Monitoring System (CEMS) data and air 

monitoring reports.  CEMS data for TRS concentrations from the Lime Kiln and Recovery 

Boiler was collected in electronic format (Excel spreadsheet) from a Government of Alberta 

ESRD monitoring database over a five year period from January 1, 2008 to December 31, 2012.  

The CEMS data is reported by the mills to ESRD and is validated through strict quality 

assurance and quality control procedures outlined in the Alberta CEMS code.  Any data that was 

marked invalid was removed from the data set before analysis.  Venting data from the LVHC, 

HVLC and Condensate Stripper vents, and TRS emissions concentrations from the smelt 

dissolving tank, were collected from annual and monthly air reports prepared by the mills and 

submitted to ESRD.  Data over a five year period from January 1, 2008 to December 31, 2012 

was transposed from the reports into an excel spreadsheet and was double checked to ensure data 

quality.  JMP software was used to analyze all the point source quantitative data with descriptive 

statistics, mean tests, Analysis of Variance (ANOVA) and Kruskal Wallis tests.  The monitoring 

data gathered for each source was analyzed first using descriptive statistics and tested for 

normality.  Most of the datasets did not pass the test for normality, even with log and log 10 

transformations because the data is restricted by zero and contains a few large values that 

represent upset conditions and skew the dataset to the right.  The data was analyzed using t-tests, 

or the non-parametric Wilcoxon-signed rank test to understand whether the emissions were 
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statistically different from regulatory approval limits.  The null hypothesis was that the mean (µ) 

of each source is not significantly different from the approval limit; therefore, Ho: µ=µo, where 

µo = limit.  The interest was in whether the mean is significantly different from the limit and 

significantly less than the approval limit, therefore, Ha: µ≠ µo, and Ha: µ< µo.  A confidence level 

of 95%, p=0.05, was used as the probability of correctly rejecting the null hypothesis.  The 

annual means of each data set were then evaluated to determine any changes in emissions over 

time between January 1, 2008 and January 1, 2013.  Finally, the data from each source was 

analyzed using the analysis of variance (ANOVA) test and the non-parametric Kruskal-Wallis 

test to determine whether emissions were significantly different between the mills.  The ANOVA 

and Kruskal Wallis tests both have their limitations and assumptions therefore the results were 

also compared to median and mean values.   

Ambient air quality data was collected from monitoring databases and statistically 

analyzed to determine the significance of TRS concentrations at each ambient monitoring 

station, as well as between stations.  TRS monitoring data from seven ambient air monitoring 

stations was collected over the same five year period, from January 1, 2008 to December 2012.  

Each mill had two ambient air monitoring stations to monitor its performance, with the exception 

of only one station for Hinton Pulp.  Data for the stations at Hinton Pulp and Grande Prairie Pulp 

was downloaded from the West Central Airshed Society and the Clean Air Strategic Alliance 

online databases, respectively.  Ambient data for the stations at Alpac and Peace River Pulp was 

obtained from each facility, as the mills do not participate in airsheds; therefore, they collect and 

retain their own data.  Ambient air data quality is assured through adherence to procedures and 

guidance outlined in Alberta’s Air Monitoring Directive, 1999.  Hourly and daily TRS 

concentrations were analyzed with JMP software for descriptive statistics, mean tests, ANOVA, 
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and Kruskal Wallis analysis.  Before any statistical tests were conducted on the TRS data, the 

datasets were examined for normality and all distributions were found to deviate slightly from 

normality.  The datasets did not meet the test for normality even with log and log 10 

transformations due to the restriction of the zero value and some high outlier values in the dataset 

representing adverse air quality conditions.  Nevertheless, because the samples were large 

datasets that represent the population and depart only somewhat from normality, both parametric 

and non-parametric tests were performed and the results compared and contrasted.  The data was 

analyzed using t-tests and the non-parametric Wilcoxon-signed rank test to understand whether 

ambient conditions were statistically different from Alberta’s AAQO for H2S.  The null 

hypothesis is that the mean (µ) of each station is not significantly different from the AAQO; 

therefore, Ho: µ=µo, where µo = AAQO of H2S.  The interest was in whether the mean is 

significantly different from the AAQO, and significantly less than the AAQO, therefore, Ha: µ≠ 

µo, and Ha: µ< µo.  A confidence level of 95%, p=0.05, was used as the probability of correctly 

rejecting the null hypothesis.  The number of H2S AAQO excursions each year was determined 

and the annual mean of each station was assessed for any changes in ambient conditions over 

time between January 1 2008 and January 1 2013.  Finally, the ambient data was analyzed using 

the analysis of variance (ANOVA) test and the Kruskal Wallis non-parametric test to determine 

whether ambient conditions were significantly different between the stations.   

 Corporate environmental management system  

Since corporate policies and practices can have such a large impact on a mills 

performance, it was necessary to examine the elements that represent the corporate commitment 

to environmental management.  These elements included the environmental policy, 

environmental management system, reporting practices, actions taken to address TRS emissions 
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in recent years, and how the techniques employed by the mills compare to the EU’s Best 

Available Techniques.  The environmental policy, EMS, and reporting practices of each mill 

were gathered from interviews with mill employees, corporate websites, and the Global 

Reporting Initiative website.  However, the real indicator of effort to reduce emissions are 

demonstrated not in what a company reports or states in their policies, but through sincere 

actions to reduce odours and   impacts in the community.  The operational and technological 

changes that have been made at each Kraft pulp mill to reduce TRS emissions and the 

motivations for such changes were identified and evaluated through review of mill reports and 

semi-structured interviews with environmental managers at each mill.  Finally, the mills 

techniques employed were compared to the EU’s Best Available Techniques to see if there were 

areas of improvement for consideration that could further reduce TRS emissions and increase 

efficiencies.  

 Social license to operate 

The social impact of TRS emissions in a community and the pressure exerted by the 

public on the mills to reduce emissions is represented in this study by the number of ambient air 

quality exceedances measured at each ambient monitoring station and the number of public  

complaints received by the mill and ESRD regarding odours.  The number of ambient air quality 

exceedances was determined by identifying values in excess of the AAQOs in the ambient air 

quality data that was collected for statistical analysis from each station between January 1 2008 

and December 31, 2012.  The number of public complaints received by each mill and ESRD was 

identified in the mills monthly and/or annual reports, as well as ESRD’s Incident Tracking 

Database for the same time period.  Other social license aspects considered were the mills efforts 

to reach out and communicate with the public as well the reception of each mill to the public’s 
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concerns.  This information was gathered through semi-structured interviews held with each 

mills environmental manager(s). 

Interviews 

 Interviews were conducted with employees of Alberta’s Kraft Pulp mills and ESRD.  

Research participants were selected using purposive sampling, as I needed to draw on the 

knowledge of a specific group of people able to answer my questions. Interviews were conducted 

in accordance with the core ethical principles of Tri-Council Policy Statement: Ethical conduct 

for research involving humans, which are respect for persons, concern for welfare, and justice 

for all participants (Canadian Institutes of Health Research, Natural Sciences and Engineering 

Research Council of Canada, and Social Sciences and Humanities Research Council of Canada, 

2010).  I conducted semi-structured interviews of open-ended questions over the phone with 

environmental managers of the mills, lasting no more than a few hours.  Answers provided were 

recorded and later reviewed and approved by participants to ensure their accuracy.  Information 

was gathered from government employees through both in-person interviews and email 

correspondence.  The interview questions referred to publicly accessible information obtained in 

my literature review with the objective of clarifying the information, filling data gaps, and 

gaining insight into the intentions and motivations behind certain policies and decisions related 

to TRS emissions management between January 2008 and December 2012.  All participants 

were asked to sign a research consent form that outlined the procedures I followed to adhere to 

the ethical code of conduct and gave me permission to use the information they provided in this 

report.   Copies of the research interview questions and research consent form are included in 

Appendix A.    
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Results 

 

Regulatory Framework 

 Approval Conditions 

 Kraft Pulp mills are identified as activities requiring approval under Schedule 1, Division 

2 of the Activities Designation Regulation of the Environmental Protection and Enhancement 

Act.  All of Alberta’s Kraft Pulp mills operate under EPEA approvals issued by ESRD that 

outline site specific regulatory requirements related to the construction, operation, and 

reclamation of each mill.  Approvals are written by ESRD employees assigned to the respective 

region of the province in which the facility is located.  EPEA approvals are usually issued for a 

period of 10 years before renewal is required; however they can be amended before their 

expiration, or they can be extended past 10 years.  Each approval is organized similarly and 

includes definitions, general requirements, construction conditions, and operations, limits, 

monitoring, and reporting conditions for air emissions, wastewater, waste management, 

groundwater, soil, and reclamation.  Links to copies of the mills approvals can be found in 

Appendix B. 

 The approval clauses related to TRS emissions in place at each mill between January 

2008 and January 2013 were identified and subject to comparative analysis.  One of the first 

approval clauses under the operations, limits, monitoring, and reporting section  requires that the 

approval holder comply with at least one of the following management systems: (a) the Best 

Management Practices Guidance Document, ESRD, July 1994; (b) ISO 14000: Environment 

Management Systems; (c) or, any other Management System as authorized in writing by the 

Director.  This condition is a requirement in the approvals of the Alpac, Peace River Pulp, and 
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Grande Prairie Pulp mills, but is not an approval requirement for the Hinton Pulp mill, and the 

reason for the discrepancy is unclear.  

The air operations section of the approval lists approved air emission sources, monitoring 

conditions, limits, and other operational requirements.  I was able to identify the sources of TRS 

from each mill accurately, determine whether they were continuous, intermittent, or offline 

sources, and identify their applicable monitoring requirements and emission limits.  This was 

done by reviewing the approval conditions and clarifying TRS emission sources during 

interviews with Kraft Pulp mill employees.  As summarized in Table 1 below, many TRS 

emission sources are common between the mills, but some sources are unique.  Furthermore, 

approval limits and/or monitoring requirements for some sources are present consistently across 

the mills, but the conditions can vary between the mills for other sources.  TRS emission sources 

in Table 1 not identified as either continuous, intermittent, or offline do not exist.     
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Table 1 

Summary of TRS Emission Sources from Alberta's Kraft Pulp Mills 

 

Note. L= approval limits apply; M= monitoring requirements are in effect; C= continuous 
emission source; I= intermittent emission source; O= offline.  
 

Table 2 presents the specific monitoring requirements and emission limits applicable to 

each TRS emission source, and Table 3 summarizes the downtime and monitoring conditions 

applicable to the pollution abatement equipment at each mill.    

 

Alpac
Grande Prairie 

Pulp

2007 - 

2016

1998 - 

2009

2009 - 

2019
2007- 2017

1998 - 

2010

2010 - 

2020

Recovery Boiler L/M/C L/M/C L/M/C L/M/C L/M/C L/M/C

Second Recovery Boiler L/M/O L/M/C L/M/C

Lime Kiln L/M/C L/M/C L/M/C L/M/C L/M/C L/M/C

Smelt Dissolving tank L/M/C L/M/C L/M/C M/C M/C

Bleach Plant M/C M/C C C

Brown Stock Stack M/C M/C

Lime Slaker/Green Liquor 

Slaker Scrubber
L/M/C L/C L/M/C M/C M/C

Condensate Seal Pot Vents I M/C M/C

White Liquor Oxidizer Stack I M/I I M/I

Soap Storage Tank Vent M/I I

InfluentTank Vent scrubber L/I

LVHC venting L/I L/I L/M/I L/I L/I L/I

IVIC venting L/I

HVLC venting L/I L/I L/M/I L/I L/I L/I

Chip Bin NCG venting I I I L/I I I

Condensate Stripper venting I L/I L/I L/I L/I L/I

Industrial Wastewater ponds C C C C C C

Peace River 

Pulp
Hinton Pulp

TRS Emission Sources
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Table 2  

TRS Emission Limits and Monitoring Requirements at Alberta's Kraft Pulp Mills from 2008 to 

2012 

 

Note. CEMS = Continuous Emissions Monitoring System; SS = Stack Survey.a by volume on a 
dry basis, corrected to 8% oxygen when oxygen concentration is 15% or less. b by volume on dry 
basis, corrected to 10% oxygen when oxygen concentration is less than 15%. c higher limit 
applies to a max total of 12 h/ quarter year. Not applicable during manual stack surveys. d Hinton 

Alpac #111

Grande 

Prairie Pulp 

#113

6/13/2007 - 

10/31/2016

5/1/1998 - 

4/27/2009

4/27/2009 - 

3/31/2019

2/28/2007-

1/31/2017

2/01/1998 - 

1/30/2010

1/30/2010 - 

1/29/2020

Limita 5.0 ppm/12 h 

avg

6.5 ppm/4 h 

avg; 14.1 

kg/4 h. And 

12 ppm/4 h 

avg; 25 

kg/4 hc

5.0 ppm/12 

h avg

5.0 ppm/12 

h avg

6.5 ppm/4 h 

avg; 10.6 

kg/4h. Or 15 

ppm/4 h 

avg; 24.5 

kg/4 hc

5.0 ppm/12 h 

avg

Monitoring
CEMS; 2 

SS/yr

CEMS; 2 

SS/yr

CEMS; 2 

SS/yr

CEMS; 2 

SS/yr

CEMS; 2 

SS/yr

CEMS; 2  

SS/yr

Limita 5.0 ppm/12 

h avg

6.5 ppm/4 h 

avg; 9.1 kg/4 

h. And 15 

ppm/4 h 

avg; 20.9 

kg/4 hc

5.0 ppm/12 h 

avg

Monitoring CEMS
CEMS; 2 

SS/yr

CEMS; 2 

SS/yr

Limitb

8 ppm/12 h 

avg

10 ppm/4 h 

avg; 5 kg/4 

h.  And 15 

ppm/4 h 

avg; 7.5 

kg/4 hc

8 ppm/12 h 

avg

8 ppm/12 h 

avg

10 ppm/4 h 

avg; 5 kg/4 

h. And 15 

ppm/4 h 

avg; 7.5 kg/4 

hc

8 ppm - 12 h 

avg

Monitoring
CEMS; 2 

SS/yr

CEMS; 2 

SS/yr

CEMS; 2 

SS/yr

CEMS; 2 

SS/yr

CEMS; 2 

SS/yr

CEMS; 2 

SS/yr

Limit 1.75 kg/h 1.50 kg/h 1.50 kg/h

Monitoring 2 SS/yr 2 SS/yr 2 SS/yr 2 SS/yr 2 SS/yr

Limit

Monitoring 2 SS/yr 2 SS/yr

Limit

Monitoring 2 SS/yr 2 SS/yr

Limit 

Monitoring 2 SS/yr 2 SS/yr 2 SS/yrd 2 SS/yrd

Limit 

Monitoring 1 SS/yre 1 SS/yre

Limit

Monitoring 1 SS/yrf 1 SS/yr

Limit 

Monitoring 1 SS/2 yr

Hinton Pulp #99Peace River Pulp #115

TRS Emission Source

Recovery Boiler

Second Recovery Boiler

White Liquor Oxidizer Vent

Soap Storage Tank Vent

Lime Kiln

Smelt Dissolving tank

Bleach Plant

Brown Stock Stack

Lime Slaker/Green Liquor Slacker

NCG Condensate Seal Pot Vents
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Pulp has two lime slackers. e Hinton Pulp has 2 NCG Condensate seal pot vents. f Only in years 
when use is greater than 30 days/yr. 
 

Table 3 

Pollution Abatement Equipment Venting, Downtime and Monitoring Requirements at Alberta’s 

Kraft Pulp Mills from 2008 to 2012 

 

Note. a Hinton Pulp has two smelt dissolving tank scrubbers. b HVLC venting to the atmosphere 
via the emergency vents, for a maximum of 4 hours per calendar day to a cumulative of 12 hours 
per month, except for the replacement or repair of the HVLC ID fan, in which case, a cumulative 
total of 30 hours per month. c Up to 12 hours venting per month is permitted during replacement 
or repair of the chip bin gas collection ID fan. 
 

Alpac #111
Grande Prairie 

Pulp #113

6/13/2007 - 

10/31/2016

5/1/1998 - 

4/27/2009

4/27/2009 - 

3/31/2019

2/28/2007-

1/31/2017

2/01/1998 - 

1/30/2010

1/30/2010 - 

1/29/2020

Limit
12 h/mo 

downtime

8 h/quarter 

yr

8 h/quarter 

yr
8 h/quarter yr a

Monitoring

Limit

36 h/quarter 

yr until 

3/31/2008; 12 

h/quarter yr 

onward

Monitoring

Limit 8 h/quarter yr

Monitoring

Limit 
12 h/quarter 

year

Monitoring

Limit
8 h/quarter 

yr

8 h/quarter 

yr
8 h/quarter yr

Monitoring

Limit
4 h/d; 12 

h/mo
8 h/mo 8 h/mo 4 h/d; 12 h/mo 8h/mo 8 h/mo

Monitoring Continuous

Limit 15h/mo

Monitoring

Limit

4h/d; 12 

h/mo or 30 

h/mob

24 h/mo 24 h/mo 8 h/mo 15 h/mo 15 h/mo

Monitoring Continuous

Limit 8 h/mo

Monitoring

Limit 8 h/mo 8 h/mo 4 h/d; 12 h/mo 4 h/mo 4 h/mo

Monitoring

LVHC venting

IVIC venting

HVLC venting

Chip Bin NCG venting

Condensate Stripper venting

Pollution Abatement Equipment

Peace River Pulp #115 Hinton Pulp #99

Lime slaker scrubber/Green 

Liquor Slacker Scrubber

Smelt dissolving tank 

scrubber

Recovery Boiler Scrubber 

Lime Kiln Venturi Scrubber

Influent Mix Tank Vent 

scrubber
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The Recovery Boiler is one of the common TRS sources between the mills.  Current 

emissions limits and monitoring requirements are identical between the mills and have changed 

over time as evidenced in the limits applicable at Peace River Pulp and Hinton Pulp between the 

previous and current approval periods.  The Second Recovery Boiler in Table 2 refers to a) the 

Second Recovery Boiler at Hinton Pulp that is operated in parallel to the First Recovery Boiler, 

and b) the back-up Recovery Boiler unit at Grande Prairie Pulp that was decommissioned in 

2007 and replaced with a new unit.  Grande Prairie Pulp is the only mill with a Recovery Boiler 

Scrubber and limits on its downtime.  With respect to the Lime Kiln, there is a similar lowering 

of limits over time between the previous and current approval periods at Peace River Pulp and 

Hinton Pulp such that the limits and monitoring requirements for this TRS source are now 

identical between the mills.  Grande Prairie Pulp is the only mill with a Lime Kiln Venturi 

Scrubber and a limit on its downtime.  The Smelt Dissolving tank is also a primary source of 

TRS at each mill, expect for Grande Prairie Pulp, whose Smelt dissolving tank was 

decommissioned in 2007 at the same time as their old Recovery Boiler.  Hinton Pup is the only 

mill with two Smelt Dissolving Tanks.  The monitoring conditions for the Smelt Dissolving 

Tanks are identical between the mills and emission limits differ between Alpac and Peace River 

Pulp, but are non-existent at Hinton Pulp.  All of the mills, except Grande Prairie Pulp, are 

required to operate their Smelt Dissolving Tanks Scrubbers such that downtime does not exceed 

the limits specified in each approval, which are identical for Peace River Pulp and Hinton Pulp, 

but are quite a bit higher for Alpac.  The Bleach Plant is considered a source of TRS when weak 

wash is used as a scrubbing medium to remove chlorine dioxide from its effluent stream, which 

is the case at Peace River Pulp.  Weak wash contains low levels of TRS that is released into the 

air when it comes into contact with the acidic effluent stream of the bleach plant stack (personal 
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communication, Tarpey, 2014) (Brennan, 2006).  Furthermore, at Alpac and Peace River Pulp, 

the effluent streams from the Brownstock Washer vents are directed through the stack of the 

Bleach Plant stack, but the same is not true at Hinton Pulp, where Brownstock washer emissions 

have their own dedicated stack subject to monitoring requirements.  Although the Bleach Plant 

stack is considered a minor source of TRS emissions at Alpac, Grande Prairie Pulp and Peace 

River Pulp, Alpac is the only mill that is still required to monitor emissions and no limits apply 

at any of the mills.  The Brownstock stack is only present at Hinton Pulp because it has a 

dedicated stack, whereas at Alpac and Peace River Pulp, the emissions are combined with the 

effluent stream of the Bleach Plant stack, and at Grande Prairie Pulp, the Brownstock washer 

emissions are directed to the HVLC collection system.  A Lime Slaker, or Green Liquor Slaker, 

does not exist at Alpac, but does emit TRS at Peace River Pulp, Grande Prairie Pulp, and at 

Hinton Pulp, which has two Lime Slakers.  The requirement to monitor emissions was dropped 

in the current approval at Peace River Pulp, but is still a requirement at Grande Prairie Pulp and 

Hinton Pulp, although emissions limits do not apply.  Limits on downtime of the Lime Slaker 

Scrubber are identical between the mills, but do not apply at Hinton Pulp.  There are two 

Condensate Seal Pots at Hinton Pulp and monitoring conditions are in place, but there are no 

emissions limits.  At Alpac, the Condensate Seal pots are vented to atmosphere with no limits or 

monitoring requirements.  At Grande Prairie Pulp, the Condensate Seal Pots are connected to the 

NCG gas gathering system, and the vents do not exist as an emission source at Peace River Pulp.  

The White Liquor Oxidizer is a source of intermittent TRS emissions at Alpac and Peace River 

Pulp and although monitoring requirements existed in the past, there are currently no monitoring 

conditions as it is considered an insignificant source of emissions. At Grande Prairie Pulp and 

Hinton Pulp, the White Liquor oxidizer emissions are tied into the Non-Condensable Gas 
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gathering system.  The Soap Storage tank is an intermittent TRS source only at Peace River Pulp 

and is not currently subject to monitoring conditions.  The Influent Tank Vent Scrubber exists 

only at Grande Prairie Pulp and has a quarterly downtime limit.  The LVHC vent is common 

between all the mills.  Grande Prairie Pulp and Alpac have the same monthly LVHC venting 

limit, and they are the only mills with a daily limit, which is also identical.  The monthly venting 

limits in place at Peace River Pulp and Hinton Pulp are slightly lower than those at the other two 

mills, and there is no daily venting limit.  Peace River Pulp is the only mills whose approval 

specifies that LVHC venting must be monitored continuously.  Hinton Pulp used to have an 

intermediate volume, intermediate concentration (IVIC) gas collection system but it was 

removed and amalgamated with the HVLC system in 2001.  All of the mills have HVLC gas 

collection systems with different venting limits and Peace River Pulps approval is the only one 

that requires continuous monitoring of venting.  TRS emissions from the Chip bin exist at all of 

the mills, but Grande Prairie is the only mill with specific limits on Chip Bin venting.  Peace 

River Pulp includes Chip Bin venting in their LVHC venting, Hinton Pulp includes their Chip 

Bin venting in the HVLC venting limit.  Alpac counts their Chip Bin venting towards their 

HVLC venting totals, and counts their Condensate stripper venting in their LVHC venting totals.  

Peace River Pulp, Grande Pulp, and Hinton all have different limits for condensate stripper 

venting and none of the mills approvals specify monitoring requirements.  The industrial 

wastewater systems are also sources of TRS from the mills, but they are not subject to 

monitoring requirements of emissions limits.  The environmental managers at all of the mills 

agreed that other sources of TRS emissions were not listed in the approval, but are considered 

insignificant.   
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 Each mills approval also includes unique operational conditions and requirements for 

managing fugitive emissions, monitoring ambient air quality, and reporting regularly to ESRD.  

After the approved emission sources are listed, numerous clauses in each approval direct 

emissions from various tanks and pieces of equipment to specific pollution abatement devices, 

such as the LVHC gas collection system, the HVLC gas collection system, and the condensate 

stripper.  These clauses are unique to each mill based on its layout, design, and sources of TRS 

emissions.  All four mills are required to control fugitive emissions and any emission source not 

specified in the approval.  With respect to these emissions, the mills approvals state that the 

“approval holder shall not release a substance that causes or may cause a) impairment, 

degradation or alteration of natural resources, b) material discomfort, harm or adverse effect.  

However, how fugitive emissions should be identified and controlled is not specified in the 

approval.  Each mill is also required to monitor ambient air quality either by maintaining their 

own air monitoring stations or through participation in an airshed association.  Hinton Pulp 

participates in the West Central Airshed Society, which operates one station in Hinton, and 

Grande Prairie Pulp participates in the Peace Airshed Zone Association, which maintains two 

stations on behalf of the mill.  Alpac Pulp and Peace River Pulp each operate two of their own 

ambient air monitoring stations simply because no airshed association has been established in 

their respective regions of the province.  Monthly and annual ambient air monitoring results are 

submitted by the mills, or by their representative airsheds, as per approval conditions and the 

requirements of the Air Monitoring Directive, 1989.  The approvals also require that the mills 

submit monthly and annual air monitoring reports to ESRD, but the content of the reports varies 

slightly between the mills.  With respect to content of the monthly reports and TRS emissions, all 

mills must include the following details:   
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• CEMS and Stack Survey results for the previous month (CEMS data for TRS and SO2 

shall be expressed as 12-hour averages and totals);   

• Summary of QA/QC on each CEMS and explanation of any downtime; 

• Mean, frequency distributions, and % operational times of CEMS monitoring; 

• Number of incidents and duration of non-condensable gas (NCG; i.e., LVHC and HVLC 

vents) venting, and venting of un-scrubbed effluent;  

• Any other reporting requirements specified in the approval; and 

• Any other information as requested in writing by the Director.  

The wording and detail in each approval vary slightly and there are some additional 

monthly reporting requirements for particular mills.  Grande Prairie Pulp, Hinton Pulp and Peace 

River Pulp are required to provide explanations for incidents of NCG and un-scrubbed effluent 

venting and Grande Prairie Pulp and Peace River Pulp must compare venting durations to 

respective approval limits. Furthermore, unique to Peace River Pulp is the requirement to include 

a list of incidents of non-compliances with the air section of their approval, a list of odour 

complaints received and the steps taken to address the complaints.  All mills must also submit an 

Annual Air report that includes a summary of CEMS and Stack Survey results, as well as an 

overview and assessment of plant operation, emissions, and performance of pollution abatement 

equipment.  In addition, the Alpac, Grande Prairie Pulp, and Peace River Pulp approvals stipulate 

that paper and electronic copies of time series plots, frequency histograms, means, standard 

deviations and coefficient of variations of all CEMS data must be submitted, as well as any other 

information requested of the Director, ESRD. 
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Statistical Analysis of Point Source TRS Data from Jan 2008 Jan 2013   

Statistical Analysis was conducted on the TRS emissions data from the Recovery boiler, 

Lime Kiln, Smelt Dissolving Tank, LVHC Vent, HVLC Vent, and Condensate Stripper Vent.  

The full statistical analysis performed can be found in Appendix C.   

Recovery Boiler 

The statistical analysis results of the Recovery Boiler data are summarized below in 

Table 4, Figure 1, and Table 5.  Table 4 shows that Peace River Pulps RB had the highest mean 

and HP's RB#3 had the lowest mean.  Alpac’s RB experienced the most approval exceedances, 

followed by HP's RB#2, Peace River Pulp, and Grande Prairie Pulps Main RB.  The TRS 

concentrations from all Recovery Boilers were significantly lower than the approval limits.  

Table 5 shows that statistical comparison of RB emissions between mills yielded identical results 

in the Kruskal Wallis and mean rankings.  The ANOVA results indicate that Peace River Pulps 

RB emissions were significantly higher than the rest of the mills and Hinton Pulp RB#3 and 

GPP's Main RB had significantly lower emissions than the other RBs.  As depicted in Figure 1, 

Grande Prairie Pulp suspended the use of its Back-up RB in 2010 and a slight lowering of 

emissions concentrations is observed at both of Hinton Pulps RBs.  TRS emissions from the RBs 

at the other mills remained fairly constant over the years. 
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Table 4 

Recovery Boiler TRS emissions statistical summary from 2008 to 2012 

 

 

Figure 1. Mean Recovery Boiler TRS Emissions in ppm from 2008 to 2012 

 

Main RB Back-up RB RB#2 RB#3

N 3461 5252 3266 89 6586 6582

Mean (ppm) 1.18 2.34 1.01 1.62 1.06 0.93

Maximum (ppm) 7.38 7.50 6.16 3.29 18.34 4.42

Minimum (ppm) 0.00 0.20 0.15 0.28 0.00 0.00

Standard Deviation 0.44 0.72 0.61 0.54 0.67 0.35

Standard Error Mean 0.01 0.01 0.01 0.06 0.01 0.00

Upper CI (0.95) (ppm) 1.19 2.36 1.03 1.73 1.08 0.94

Lower CI (0.95) (ppm) 1.16 2.32 0.98 1.51 1.05 0.92

Distribution Non-parametric Non-parametric Non-parametric Parametric Non-parametric Non-parametric

Approval Limit 5ppm/12h 6.5 ppm/4h; 5ppm/12h 5ppm/12h 5ppm/12h

Wilcoxon rank/T-test Sig. lower Sig. lower Sig. lower Sig. lower Sig. lower Sig. lower

2008 Limit exceedance 2 1 0 0 1 0

2009 Limit exceedance 1 0 1 0 2 0

2010 Limit exceedance 1 0 0 0 2 0

2011 Limit exceedance 2 1 0 0 0 0

2012 Limit exceedance 1 0 0 0 0 0

2008 Mean (ppm) 1.09 2.28 0.72 1.66 1.21 1.00

2009 Mean (ppm) 1.15 2.46 0.61 0.28 1.22 0.95

2010 Mean (ppm) 1.34 2.43 1.12 n/a 0.87 1.00

2011 Mean (ppm) 1.19 2.50 1.28 n/a 0.59 0.80

2012 Mean (ppm) 1.13 2.10 1.28 n/a 0.87 0.70

Alpac Peace River Pulp
Grande Prairie Pulp Hinton Pulp

6.5 ppm/4h; 5ppm/12h
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Table 5 

Recovery Boiler emissions comparison between mills 

 

 

 

 

 Lime Kiln 

The statistical analysis results of the Lime Kiln data are summarized below in Table 6, 

Figure 2, and Table 7.  Table 6 shows that Alpac's LK had the highest mean TRS emissions and 

Grande Prairie Pulps LK had the lowest mean emissions.  Hinton Pulps LK concentration 

fluctuated the most and experienced the most approval exceedances, followed by Grande Prairie 

Pulp and Peace River Pulp. The emissions concentrations at all of the Lime Kilns were 

significantly lower than their respective limit.  As depicted in Figure 2, a comparison of LK 

emissions between mills demonstrates that emissions from each mill were significantly different, 

starting with the highest emissions from Alpac, followed by Hinton, PRP, and GPP.  Figure 2 

shows that Grande Prairie Pulps LK emissions remained fairly constant over the years, and Peace 

River Pulps LK TRS emissions increased slightly over the years. Alpac’s LK did not exceed its 

approval limit and its emission concentration lowered over the five year period examined.  

 

Recovery Boiler Kruskal-Wallis Rank  Mean Rank Median Rank ANOVA Rank

Peace River Pulp 1 1 1 A

GPP Back-up RB 2 2 2 E

Alpac 3 3 3 B

Hinton RB#2 4 4 4 C

GPP Main RB 5 5 6 D

Hinton RB#3 6 6 5 D

Note: Numerical rankings represent the order from highest to lowest, with 1 having the 
highest emissions.  Any numerical values that are repeated are considered identical.  The 
ANOVA rankings identify the order and significance of the variance between emission 
sources.  “A” represents the highest emissions and sources not connected by the same letter 
are considered significantly different.  
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Table 6 

Lime Kiln TRS emissions statistical summary from 2008 to 2012 

 

 

 

Alpac Peace River Pulp Grande Prairie Pulp Hinton Pulp

N 3521 5202 3300 6544

Mean (ppm) 2.91 2.23 1.08 2.67

Maximum (ppm) 7.84 12.20 10.59 18.07

Minimum (ppm) 0.00 0.00 0.00 0.00

Standard Deviation 1.25 1.20 1.26 1.86

Standard Error Mean 0.02 0.02 0.02 0.02

Upper CI (0.95)(ppm) 2.96 2.26 1.13 2.71

Lower CI (0.95)(ppm) 2.87 2.20 1.04 2.62

Distribution Non-parametric Non-parametric Non-parametric Non-parametric

Approval Conc. Limit 8ppm/12h 10ppm/4h; 8 ppm/12h 8 ppm/12h 10ppm/4h; 8 ppm/12h

Wilcoxon rank/T-test Sig. lower Sig. lower Sig. lower Sig. lower

2008 Limit exceedance 0 1 1 4

2009 Limit exceedance 0 0 1 3

2010 Limit exceedance 0 0 0 1

2011 Limit exceedance 0 0 0 1

2012 Limit exceedance 0 0 0 0

2008 Mean (ppm) 5.24 2.35 0.99 2.60

2009 Mean (ppm) 3.14 2.01 1.07 3.28

2010 Mean (ppm) 2.74 1.78 1.15 1.46

2011 Mean (ppm) 2.87 2.29 1.31 2.27

2012 Mean (ppm) 2.71 2.61 0.89 2.83
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Figure 2. Mean Lime Kiln TRS Emissions in ppm from 2008 to 2012 

 

Table 7 

Lime Kiln emissions comparison between mills 

 

 
 
 
 
 

 

 Smelt Dissolving Tank 

The statistical analysis results of the Smelt Dissolving Tank emissions concentrations, 

emissions mass loadings, and scrubber downtime are summarized below.  Table 8, Figure 3, 

Table 9, and Figure 4 depict the statistical analysis results of emissions concentrations and mass 

Lime Kiln Kruskal-Wallis Rank  Mean Rank Median Rank ANOVA Rank

Alpac 1 1 1 A

Hinton 2 2 2 B

PRP 3 3 3 C

GPP 4 4 4 D

Note: Numerical rankings represent the order from highest to lowest, with 1 having the 
highest emissions.  Any numerical values that are repeated are considered identical.  The 
ANOVA rankings identify the order and significance of the variance between emission 
sources.  “A” represents the highest emissions and sources not connected by the same letter 
are considered significantly different.  
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loadings.  Hinton Pulps SDT#2 had the highest mean emissions concentration and the highest 

mass loading of TRS.  Peace River Pulps SDT had the lowest emissions concentration and mass 

loading.  Only the SDTs at Alpac and Peace River Pulp are subject to mass loading limits, which 

are different, but no limit exceedances were observed, and their emissions were significantly 

lower than the respective limits.  The annual mean TRS concentrations and mass loadings from 

the mills SDTs generally follow the same pattern: emissions from Alpac and Peace River Pulp 

have remained the same over the years, however a more fluctuating trend is observed at Alpac.  

General increases in TRS concentrations and mass loadings were observed at Hinton Pulps 

SDT#2 and SDT#3 between 2008 and 2012.  Statistical comparisons showed that emissions from 

Hinton Pulps SDT# 2 were significantly higher than the lowest SDT emissions from Peace River 

Pulp. 
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Table 8 

Smelt Dissolving Tank TRS Emissions Statistical Summary from 2008 to 2012 

 

 

Figure 3. Mean Monthly Smelt Dissolving Tank Emissions in ppm from 2008 to 2012 

 

ppm kg/h ppm kg/h ppm kg/h ppm kg/h

N 30 30 30 30 30 30 33 33

Mean 12.78 0.54 11.23 0.35 23.68 0.58 17.20 0.55

Maximun 21.00 1.07 18.01 0.51 106.40 2.77 47.60 1.54

Minimum 2.52 0.11 3.60 0.10 0.20 0.00 1.20 0.05

Standard Deviation 5.23 0.27 3.68 0.10 19.24 0.49 11.71 0.38

Standard Error Mean 0.96 0.05 0.67 0.02 3.51 0.09 2.04 0.07

Upper CI (0.95) 14.73 0.64 12.61 0.38 30.86 0.76 21.35 0.69

Lower CI (0.95) 10.83 0.45 9.86 0.31 16.49 0.39 13.05 0.42

Distribution Normal Normal Normal Normal Non-parametric Non-parametric Normal Normal

Approval Limit n/a 1.75kg/h n/a 1.5kg/h n/a n/a n/a n/a

Wilcoxon rank/T-test n/a Sig. lower n/a Sig. lower n/a n/a n/a n/a

2008 Limit exceedance n/a 0 n/a 0 n/a n/a n/a n/a

2009 Limit exceedance n/a 0 n/a 0 n/a n/a n/a n/a

2010 Limit exceedance n/a 0 n/a 0 n/a n/a n/a n/a

2011 Limit exceedance n/a 0 n/a 0 n/a n/a n/a n/a

2012 Limit exceedance n/a 0 n/a 0 n/a n/a n/a n/a

2008 Mean 10.97 0.46 7.90 0.22 6.12 0.15 20.77 0.59

2009 Mean 13.29 0.34 14.28 0.40 28.52 0.61 12.77 0.43

2010 Mean 18.09 0.87 8.23 0.29 19.55 0.50 9.92 0.33

2011 Mean 8.35 0.33 12.38 0.39 24.70 0.61 16.30 0.52

2012 Mean 13.20 0.72 13.38 0.43 39.50 1.02 28.46 0.96

Hinton Pulp SDT #2 Hinton Pulp SDT #3Alpac Peace River Pulp
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Table 9 

Smelt Dissolving Tank emissions (ppm) comparison between mills 

 

 

 

 

 

Figure 4. Mean Monthly Smelt Dissolving Tank Emissions in kg/h from 2008 to 2012 

 

SDT Scrubber Downtime was statistically analyzed and is summarized in Table 10, 

Figure 5 and Table 11.  Table 10 and Figure 6 show Hinton Pulps SDT#2 Scrubber had the 

highest monthly mean downtime, followed closely by Hinton Pulps SDT#3 Scrubber.  Peace 

River Pulps SDT Scrubber had the lowest mean downtime and it remained very low from 2008 

to 2012.  No limit exceedances were observed at any of the mills and the mean SDT scrubber 

Smelt Dissolving Tank (ppm) Kruskal-Wallis Rank  Mean Rank Median Rank ANOVA Rank

Hinton Pulp SDT#2 1 1 1 A

Hinton Pulp SDT#3 2 2 2 AB

Alpac 3 3 3 B

PRP 4 4 4 B

Note: Numerical rankings represent the order from highest to lowest, with 1 having the 
highest emissions.  Any numerical values that are repeated are considered identical.  The 
ANOVA rankings identify the order and significance of the variance between emission 
sources.  “A” represents the highest emissions and sources not connected by the same letter 
are considered significantly different.  
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downtime was significantly lower than the approval limit at all mills.  It was noted that Alpac’s 

downtime limit is much higher than the other mills, even though its scrubber downtime was one 

third that of Hinton Pulp’s SDT#2.  Figure 5 shows that Hinton Pulps mean annual SDT#2 

Scrubber downtime fluctuated greatly over the years.  A steady increase in Scrubber downtime 

was observed at Hinton Pulp’s SDT#3, and Alpac’s SDT Scrubber downtime increased slightly 

over the years.  In Table 11, statistical comparisons between mills reveals that the median 

downtime for all mills was zero, and that downtime on Hinton Pulps SDT#2 was significantly 

higher than downtime on PRP’s SDT.  It was noted that the SDT Scrubber downtime seemed to 

correlate with the emissions data.  Peace River Pulp had the lowest mean SDT Scrubber 

downtime and the lowest mean emissions.  Alpac had the second lowest mean SDT scrubber 

downtime and the second lowest mean SDT emissions.  Lastly, Hinton Pulps SDT#3 Scrubber 

had the third lowest mean downtime and the third lowest emissions, and its SDT#2 Scrubber had 

the highest mean downtime and TRS emissions. 
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Table 10 

Smelt Dissolving Tank Scrubber Downtime Statistical Summary from 2008 to 2012 

 

 

Figure 5. Mean Monthly Smelt Dissolving Tank Scrubber Downtime from 2008 to 2012 

 

Alpac Peace River Pulp Hinton Pulp SDT #2 Hinton Pulp SDT #3

N 60 60 60 60

Mean (hours/mo) 0.19 0.01 0.59 0.57

Maximum (hours/mo) 6.05 0.28 6.50 7.50

Minimum (hours/mo) 0.00 0.00 0.00 0.00

Standard Deviation 0.81 0.04 1.38 1.39

Standard Error Mean 0.10 0.00 0.18 0.18

Upper CI (0.95)(hours/mo) 0.40 0.02 0.94 0.93

Lower CI (0.95)(hours/mo) -0.02 0.00 0.23 0.21

Distribution Non-parametric Non-parametric Non-parametric Non-parametric

Approval Conc. Limit 12h/mo 8h/quarter year 8h/quarter year 8h/quarter year

Wilcoxon rank/T-test Sig. lower Sig. lower Sig. lower Sig. lower

2008 Limit exceedance 0 0 0 0

2009 Limit exceedance 0 0 0 0

2010 Limit exceedance 0 0 0 0

2011 Limit exceedance 0 0 0 0

2012 Limit exceedance 0 0 0 0

2008 Mean (hours/mo) 0.02 0.02 0.75 0.25

2009 Mean (hours/mo) 0.01 0.01 0.79 0.25

2010 Mean (hours/mo) 0.15 0.00 0.26 0.44

2011 Mean (hours/mo) 0.24 0.00 0.85 0.71

2012 Mean (hours/mo) 0.55 0.00 0.28 1.21
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Table 11 

Smelt Dissolving Tank Scrubber downtime comparison between mills 

 

 

 

 

 LVHC Venting 

The statistical analysis results of LVHC venting in summarized below in Table 12, Figure 

6 and Table 13.  Table 12 shows the monthly mean venting from the LVHC vent was highest at 

Peace River Pulp and lowest at Grande Prairie Pulp.  Peace River Pulp also exceeded their 

venting approval limit a few times over the years, whereas there were no exceedances at the 

other mills.  LVHC venting limits at Alpac and Grande Prairie Pulp are higher than the limits at 

the other mills; however, the mean monthly venting at all mills was significantly lower than the 

applicable approval limit.  LVHC venting at Hinton Pulp is categorized as Unscrubbed venting 

and subject to limits, and Scrubbed venting, in which the emissions are directed to a white liquor 

scrubber before they are released to the atmosphere and are not subject to limits.  In Table 13, 

statistical comparison between the mills shows that Hinton Pulps Scrubbed venting was 

significantly higher than the LVHC venting from the other mills, which all had comparable 

venting durations.  Figure 6 depicts that mean annual LVHC venting at all mills remained 

relatively constant over the years, but the venting of scrubbed LVHC gases at Hinton Pulp did 

fluctuate greatly from 2008 to 2012. 

Smelt Dissolving Tank downtime (h) Kruskal-Wallis Rank  Mean Rank Median Rank ANOVA Rank

HP SDT #2 2 1 1 A

HP SDT #3 3 2 1 A

Alpac 1 3 1 AB

PRP 4 4 1 B

Note: Numerical rankings represent the order from highest to lowest, with 1 having the 
highest emissions.  Any numerical values that are repeated are considered identical.  The 
ANOVA rankings identify the order and significance of the variance between emission 
sources.  “A” represents the highest emissions and sources not connected by the same letter 
are considered significantly different.  
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Table 12 

Monthly LVHC Venting Time Statistical Summary from 2008 to 2012 

 

Hinton Pulp Hinton Pulp

Unscrubbed Venting Scrubbed Venting

N 60 60 60 60 60

Mean (hours) 2.53 2.57 0.24 1.35 8.02

Maximum (hours) 11.16 15.38 5.81 6.88 83.88

Minimum (hours) 0.03 0.00 0.00 0.00 0.00

Standard Deviation 2.29 3.49 0.80 1.80 14.02

Standard Error Mean 0.30 0.45 0.10 0.23 1.81

Upper CI (0.95)(hours) 3.12 3.46 0.45 1.82 11.65

Lower CI (0.95)(hours) 1.94 1.67 0.04 0.89 4.40

Distribution Non-parametric Non-parametric Non-parametric Non-parametric Non-parametric

Approval Conc. Limit 12h/mo 8h/mo 12h/mo 8h/mo n/a

Wilcoxon rank/T-test Sig. lower Sig. lower Sig. lower Sig. lower n/a

2008 Limit exceedance 0 0 0 0 n/a

2009 Limit exceedance 0 2 0 0 n/a

2010 Limit exceedance 0 0 0 0 n/a

2011 Limit exceedance 0 1 0 0 n/a

2012 Limit exceedance 0 0 0 0 n/a

2008 Mean (hours) 2.99 0.63 0.23 0.72 4.31

2009 Mean (hours) 2.76 3.26 0.02 2.03 3.22

2010 Mean (hours) 2.23 2.38 0.13 0.94 19.42

2011 Mean (hours) 2.05 3.17 0.62 2.26 6.79

2012 Mean (hours) 2.63 3.40 0.22 0.83 6.39

Alpac Peace River Pulp Grande Prairie Pulp
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Figure 6. Mean Monthly LVHC Venting Hours from 2008 to 2012 

 

Table 13 

LVHC venting comparison between mills 

 

 
 
 
 
 

 

  

 

LVHC Venting Kruskal-Wallis Rank  Mean Rank Median Rank ANOVA Rank

HP Scrubbed 1 1 1 A

PRP 3 2 3 B

Alpac 2 3 2 B

HP Unscrubbed 4 4 4 B

GPP 5 5 5 B

Note: Numerical rankings represent the order from highest to lowest, with 1 having the 
highest emissions.  Any numerical values that are repeated are considered identical.  The 
ANOVA rankings identify the order and significance of the variance between emission 
sources.  “A” represents the highest emissions and sources not connected by the same letter 
are considered significantly different.  
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HVLC Venting 

HVLC venting was statistically analyzed and is summarized below in Table 14, Figure 7 

and Table 15.  Table 14 shows that Peace River Pulp had the highest monthly mean and 

experienced a couple of limit exceedances from 2008 to 2012, although it also has the highest 

approved venting limit.  Hinton Pulp had the second highest mean HVLC venting, as well as the 

second highest limit.  Alpac had the lowest mean HVLC venting and the second lowest approved 

venting limit, leaving Grande Prairie Pulp with the lowest approved venting limit and second 

lowest mean venting.  In Table 15, statistical comparisons between the mills indicate that HVLC 

venting from Peace River Pulp was significantly higher than the other mills, whose venting times 

were not significantly different from each other.  The mean monthly HVLC venting durations 

from all mills were significantly lower than the applicable approved limit.  Figure 7 shows that 

HVLC venting at Peace River Pulp dropped from 2008 to 2009 and venting from the rest of the 

mills remained fairly constant over the years.   
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Table 14 

Monthly HVLC Venting Time Statistical Summary from 2008 to 2012 

 

 

Alpac Peace River Pulp Grande Prairie Pulp Hinton Pulp

N 60 60 60 60

Mean (hours) 1.83 10.12 1.98 3.83

Maximum (hours) 8.90 60.48 7.11 14.58

Minimum (hours) 0.02 0.00 0.00 0.00

Standard Deviation 2.27 9.58 2.02 3.47

Standard Error Mean 0.29 1.24 0.26 0.45

Upper CI (0.95)(hours) 2.42 12.60 2.50 4.73

Lower CI (0.95)(hours) 1.24 7.65 1.46 2.94

Distribution Non-parametric Non-parametric Non-parametric Non-parametric

Approval Conc. Limit 12h/mo 24h/mo 8h/mo 15h/mo

Wilcoxon rank/T-test Sig. lower Sig. lower Sig. lower Sig. lower

2008 Limit exceedance 0 2 0 0

2009 Limit exceedance 0 0 0 0

2010 Limit exceedance 0 0 0 0

2011 Limit exceedance 0 0 0 0

2012 Limit exceedance 0 0 0 0

2008 Mean (hours) 2.67 15.84 2.01 3.63

2009 Mean (hours) 0.90 8.32 2.05 3.24

2010 Mean (hours) 1.56 8.48 3.58 4.71

2011 Mean (hours) 1.97 9.86 0.99 2.96

2012 Mean (hours) 2.05 8.11 1.26 4.63
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Figure 7. Mean Monthly HVLC Venting Hours from 2008 to 2012 

 

Table 15 

HVLC venting comparison between mills 

 

 

 
 

 

 Condensate Stripper Venting 

Statistical analysis of Condensate Stripper venting is presented in Table 16, Figure 8 and 

Table 17.  Table 16 shows that Peace River Pulp had the highest mean monthly venting, Grande 

Prairie had the lowest mean venting, and the condensate stripper is not a source of TRS 

HVLC Venting Kruskal-Wallis Rank  Mean Rank Median Rank ANOVA Rank

PRP 1 1 1 A

Hinton Pulp 2 2 2 B

GPP 3 3 3 B

Alpac 4 4 4 B

Note: Numerical rankings represent the order from highest to lowest, with 1 having the 
highest emissions.  Any numerical values that are repeated are considered identical.  The 
ANOVA rankings identify the order and significance of the variance between emission 
sources.  “A” represents the highest emissions and sources not connected by the same letter 
are considered significantly different.  
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emissions from Alpac.  Peace River Pulp exceeded its approval limit once in 2011, and there 

were no exceedances at Grande Prairie Pulp or Hinton Pulp.  Grande Prairie has the highest 

approval limit for HVLC venting, followed by Peace River Pulp and then Hinton Pulp, and the 

venting from all mills was significantly lower than the approval limit.  Statistical comparisons in 

Table 17 reveals that the venting at PRP was significantly higher than venting at Hinton Pulp and 

GPP, whose venting was not significantly different from each other.  In Figure 8, Condensate 

Stripper venting at Grande Prairie Pulp seemed to increase over the years, while mean annual 

venting at GPP and HP remained fairly constant. 
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Table 16 

Monthly Condensate Stripper Venting Time Statistical Summary from 2008 to 2012 

 

  

Peace River Pulp Grande Prairie Pulp Hinton Pulp

N 60 60 60

Mean (hours) 1.31 0.11 0.26

Maximum (hours) 8.50 1.08 1.40

Minimum (hours) 0.00 0.00 0.00

Standard Deviation 1.86 0.18 0.25

Standard Error Mean 0.24 0.02 0.03

Upper CI (0.95)(hours) 1.79 0.16 0.32

Lower CI (0.95)(hours) 0.83 0.07 0.19

Distribution Non-parametric Non-parametric Non-parametric

Approval Conc. Limit 8h/mo 12h/mo 4h/mo

Wilcoxon rank/T-test Sig. lower Sig. lower Sig. lower

2008 Limit exceedance 0 0 0

2009 Limit exceedance 0 0 0

2010 Limit exceedance 0 0 0

2011 Limit exceedance 1 0 0

2012 Limit exceedance 0 0 0

2008 Mean (hours) 0.56 0.08 0.33

2009 Mean (hours) 1.17 0.13 0.12

2010 Mean (hours) 1.27 0.14 0.19

2011 Mean (hours) 2.17 0.14 0.23

2012 Mean (hours) 1.40 0.08 0.43
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Figure 8. Mean Monthly Condensate Stripper Venting Hours from 2008 to 2012 

 

Table 17 

Condensate Stripper Venting comparison between mills 

 

 

 

 

Dispersion Modeling 

Alberta developed the Air Quality Model Guideline to ensure dispersion modeling of 

emissions is done consistently across the province using the most appropriate methods.  As 

described in the Guideline, the purpose of dispersion modeling is to project ambient ground level 

concentrations of different pollutant emissions and compare them to Alberta’s Ambient Air 

Condensate Stripper Venting Kruskal-Wallis Rank  Mean Rank Median Rank ANOVA Rank

PRP 1 1 1 A

Hinton Pulp 2 2 2 B

GPP 3 3 3 B

Note. Numerical rankings represent the order from highest to lowest, with 1 having the 
highest emissions.  Any numerical values that are repeated are considered identical.  The 
ANOVA rankings identify the order and significance of the variance between emission 
sources.  “A” represents the highest emissions and sources not connected by the same letter 
are considered significantly different.  
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Quality Objectives (Idriss & Spurrell, 2009).  The Guideline provides guidance to users on how 

to select an appropriate dispersion model, how to input data to the model on source emission 

rates, meteorology, surface characteristics, local buildings, receptor grid, terrain, plant boundary, 

and study area, and how to interpret the model output (Idriss and Spurrell, 2009).  Dispersion 

modeling is used in a variety of applications such as deciding how to locate and design new 

facilities, developing ambient monitoring networks, identifying areas most influenced by 

emissions, and investigating the impact of changes to model inputs on ambient air quality (Idriss 

and Spurrell 2009).  A dispersion modeling assessment is required when an application for a 

new, or to renew, an EPEA approval is submitted to ESRD.  

Hinton Pulp Kraft mill 

Hinton Pulp modeled their air emissions in 2006 as part of the last approval renewal 

application (Cheng, Reid, & Fisher, 2007), and then again in 2012 to investigate the sources of 

elevated ambient TRS concentrations at the Hinton monitoring station.  When emissions were 

modeled for the approval renewal, the Main Stack (Recovery Boiler #2 and Power Boiler), 

Recovery Boiler #3, Lime Kiln, #2 and #3 Smelt Dissolving tanks, two Lime Slaker vents, 

Bleach Plant Stack, and the Brownstock Washer Stack were taken into account.  The AERMOD 

model was used to project two emissions scenarios: (a) one at average operating conditions and 

(b) the second at the maximum emissions allowed by the approval limit, or the average emissions 

where no limits were imposed.  At normal operating conditions, the model projected maximum 

ground level H2S concentrations of 10.8 ug/m3 over a 1-h average and 3.8 ug/m3 over 24-h 

average, which is below the respective H2S AAQO of 10 ppb (14 ug/m3)  and 3 ppb (4 ug/m3) .  

However, when emissions were modeled at maximum licensed operating conditions, the model 

projected a 1- h value of 19 ug/m3 and a 24-h value of 6.9 ug/m3, both which are in excess of the 
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respective AAQO.  The model projected that exceedances would occur close to the facility in 

<0.5 % of the study area during maximum licensed emission conditions (Cheng, Reid, and 

Fisher, 2007).  Cheng, Reid, and Fisher (2007) explained that dispersion models are conservative 

and projections are over predicted by factors of 2-10; therefore, it was reasonable to conclude 

that ambient air quality would remain acceptable. 

Another dispersion modeling study was undertaken in 2012, this time with the purpose of 

determining conditions that were contributing to high TRS events observed at the Hinton 

monitoring station and to investigate odorous sources leading to public complaints (Davies and 

Selvaraj, 2013).  The same eight TRS emissions sources that were identified in the 2006 study 

were accounted for, but this time TRS emissions monitoring data from the wastewater effluent 

treatment system was also included in the model.  The CALPUFF/CALMET model was applied 

to achieve three goals: (a) predict maximum ambient TRS of each source under normal operating 

conditions, (b) predict maximum ambient TRS under normal operating conditions at the Hinton 

station and compare to actual monitoring values, and (c) determine how changes to Lime Kiln 

emissions impact ambient TRS concentrations (Davies and Selvaraj, 2013).  The model predicted 

that the three highest 1-h ambient TRS concentrations would be 570 ppb from the wastewater 

effluent treatment pond, 4.23 ppb from the brownstock stack, and 3.8 ppb from the #2 Smelt 

Dissolving tank.  The maximum ambient TRS at the Hinton station was projected to be 84 ppb, 

which greatly exceeds the 1-h H2S AAQO of 10 ppb.  The predicted ambient concentration was 

higher than the maximum concentration of 56 ppb observed at the Hinton Station, likely due to 

uncertainty in the pond TRS emission rate estimations.  The Lime Kiln emissions modeled 

showed a maximum ambient 1-h TRS concentration of 1.43 ppb; therefore, it does not contribute 

greatly to high TRS events.  The highest single source of ambient TRS emissions identified was 
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the wastewater effluent treatment pond.   The model projected high TRS events (defined as 1-h 

averages greater than 5 ppb) due to pond emissions would occur 39.3%-56.3% of the time 

(Davies & Selvaraj, 2013).  

 Grand Prairie Pulp 

Dispersion modeling for Grande Prairie Pulp’s approval renewal application was done in 

2006 to provide an air quality assessment of air emissions from the mill and its neighbouring 

facilities.  The sources included in the model for TRS and H2S were the Recovery Boiler, Lime 

Kiln, Lime/Green Liquor Slaker, Lime mud washer vent, Lime mud storage tank vent, green 

liquor clarifier vent, white liquor storage tank vent, orange liquor storage tank vent, and the 

aerated stabilization basin.  AERMOD-PRIME modelled three emission cases during both 

normal operating conditions and maximum licensed conditions.  Results were compared to 

Alberta’s AAQOs and air quality criteria in other jurisdictions when one was not applicable in 

Alberta.  The model ran a base case of emissions from neighbouring facilities within 5 km, an 

isolation case of mill emissions only, and a cumulative effects case of both the mill and 

neighbouring facilities; but Grande Prairie Pulp was found to be the only contributor of TRS and 

H2S emissions.  At maximum licensed conditions, the maximum ground-level 1-h TRS 

concentration from mill emissions was predicted to be 444 ug/m3 and emissions were expected to 

exceed Ontario’s 1-h TRS air quality criteria of 40 ug/m3 6.4% of the time along the southeast 

property line.  The maximum ground-level H2S concentrations were predicted to be 32 ug/m3 

over a 1-h average and 11 ug/m3 over a 24-h averaging period, which exceeds the H2S AAQO of 

14 ug/m3 over 1-h and 4 ug/m3 over a 24-h average.  The model projected 1-h and 24-h H2S 

concentrations to be in excess of the AAQO 0.4% and 1.4% of the time respectively at the 

southeast property line.  In light of these results, the 20 km by 20 km study area was expanded to 
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a 50 km by 50 km area and both TRS and H2S maximum concentrations were predicted to be 

less than 10% of the standard.  The model was then used to determine the source contributions to 

maximum predicted TRS and H2S concentrations.  It showed that the aerated stabilization basin 

(wastewater effluent treatment pond) contributed 92.1% to 99.97% to the maximum predictions 

ambient concentration and the Lime Kiln emissions contributed 0.01% to 0.3% to the modeled 

predictions.  Brennan (2006) noted that the dynamic nature of aerated stabilization basins made it 

difficult to estimate TRS and H2S emissions in the absence of site specific monitoring data.  

NCASI emissions factors were used, but they did not account for fluctuations in the pH across 

the ASB, which can result in considerable variation in TRS and H2S emission rates.  Paprican 

Research (2005) found that H2S emissions can vary greatly.  When H2S in effluent is 0.5 mg/L or 

lower, the resulting ASB H2S emissions are negligible, but it does not include conditions related 

to aeration, biological activity or changes in composition (Brennan, 2006).  Brennan (2006) also 

noted that the efficient nature of the NCG collection, condensate stripping, and incineration 

systems, supported by practical operational experience, provided additional assurance that the 

TRS and H2S emission estimations were extremely conservative and did not likely represent 

actual air concentrations in the region.  

Peace River Pulp 

 Emissions from the Peace River Pulp mill were modeled in 2007 in support of the mills 

approval renewal application.  The AERMOD dispersion model was used to project ambient 

concentrations of pollutants from the shared Power Boiler/Recovery Boiler stack, Lime kiln 

stack, Smelt Dissolving Tank stack, and Lime Slaker stack and Bleach Plant stack.  The model 

accounted for source heights, temperature, exit velocity, building influence, topography, and 

meteorological conditions (Tarpey, 2007).  The model did not account for intermittent sources 
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like the white liquor oxidizer or the soap storage tank, as they were considered minor sources.  

TRS emissions from the wastewater treatment facility were also not included in the model 

because of a lack of readily available standard emission estimates (Tarpey, 2007).   

The model was run under two scenarios: normal operations conditions and approved 

maximum operating conditions.  For the normal operating conditions scenario, the model was 

run using average measured emissions rates since May 1998.  The model was also run at 

approved maximum operating conditions in which sources were modeled at their emission limit 

rates, or when no limit applied, sources were assumed to be operating at average temperatures. 

Ambient background TRS emissions were assumed negligible, as there are no other notable TRS 

emission sources within a 5 km radius.   

Modeling results predicted ambient 1-hour concentrations of 13.6 ug/m3 TRS (AAQO is 

14 ug/m3 H2S) along the eastern edge of the mill site where the property boundary meets the 

Peace River, and at 0.4 ug/m3 TRS in the town of Peace River.  Twenty-four hour average 

concentrations of 2.4 ug/m3 off-property and 0.1 ug/m3 in Peace River were predicted under the 

mills normal operating conditions (AAQO is 4 ug/m3 H2S over 24 h).  At maximum operating 

conditions, TRS was predicted to exceed the H2S AAQO on the eastern edge of the mill site with 

values of 20.8 ug/m3 over 1-h and 4.7 ug/m3 over 24-h while concentrations predicted in Peace 

River were much lower at 1.0 ug/m3 TRS over 1-h and 0.1 ug/m3 TRS over 24-h.  The model 

showed the exceedances would occur in very small areas along the property boundary on the 

Northeastern edge under stable atmospheric conditions at night or early morning, and mostly in 

winter.  Tarpey (2007) added that model predictions were conservative and excursions were 

predicted to occur only under strong inversion conditions and unexpected levels of mill 
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emissions.  It was reasonable to conclude that no exceedances of the AAQO would occur and 

ambient air quality around Peace River Pulp would remain acceptable.   

Alpac 

Alpac’s emissions were modeled in 2005 as part of its EPEA approval renewal 

application.  The Industrial Source Complex Short Term Version 3 (ISC-Prime) air dispersion 

model was used to predict odour impacts in the community.  Emissions from the Recovery 

Boiler, Lime Kiln, Smelt Dissolving tank and the Bleach Plant were modeled for H2S using TRS 

emissions data at average operating conditions between 2002 and 2004.  The model also 

accounted for building dimensions, stack information, property boundaries and meteorological 

data.  A 15 km by 15 km grid was used to estimate the highest concentrations over a 5 year 

period.  The highest predicted 1-h ground level concentration was 5 ug/m3 H2S, which is below 

the corresponding AAQO of 14 ug/m3, and the highest 24-h ground level H2S concentration was 

1.2 ug/m3, which is also below the AAQO of 4 ug/m3 (O’Connor, 2005).    

 

Statistical Analysis of Ambient Air TRS Monitoring Data from Jan 2008 Jan 2013 

 This section presents the results of my statistical analysis of TRS ambient air quality 

monitoring data collected around the mills.  The full statistical analysis performed can be found 

in Appendix C. 

 Table 18 and Table 19 show that the Hinton Station recorded the highest mean 

concentration of 1.16 ppb from 2008 to 2013, nearly double the value of the second highest 

ambient mean concentration, which was measured at Alpac’s Station #1.  The lowest mean TRS 

concentration was observed at Grande Prairie Pulps Henry Pirker Station.  The mean TRS 

ambient concentrations at each station were significantly lower than Alberta’s AAQO for H2S 
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although hourly and daily ambient exceedances of the AAQO were observed.  The highest 

number of both daily and hourly AAQO exceedances was observed at the Hinton station and 

greatly surpassed the number of exceedances observed at the other stations.  The second highest 

number of daily and hourly exceedances was observed at the Peace River Pulp Millsite Station, 

but occurred far less frequently than in Hinton.  Alpac’s Station #2 trailed behind with the third 

greatest number of daily and hourly exceedances.  Only a few hourly exceedances were observed 

at Alpac’s Station #1, and there were zero exceedances of the AAQO at Peace River Pulps 

Townsite station, or Grande Prairie Pulps Evergreen or Henry Pirker Station. 

Hourly ambient data 

Table 18  

Hourly Ambient TRS Statistical Summary from 2008 to 2012 

 

 

 

Hinton

Station 1 Station 2 Millsite Townsite Evergreen Henry Pirker Hinton

N 41497 41461 41087 41133 40689 41617 41587

Mean (ppb) 0.65 0.53 0.61 0.53 0.57 0.30 1.16

Maximum (ppb) 14.00 25.40 58.30 6.80 10.00 4.70 56.20

Minimum (ppb) 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Standard Deviation 0.45 0.50 0.92 0.50 0.37 0.25 2.17

Standard Error Mean 0.00 0.00 0.00 0.00 0.00 0.00 0.01

Upper CI (0.95)(ppb) 0.65 0.53 0.62 0.54 0.57 0.31 1.19

Lower CI (0.95)(ppb) 0.64 0.52 0.60 0.53 0.56 0.30 1.14

Distribution Non-parametric Non-parametric Non-parametric Non-parametric Non-parametric Non-parametric Non-parametric

AAQO 10 10 10 10 10 10 10

Wilcoxon rank/T-test Sig. lower Sig. lower Sig. lower Sig. lower Sig. lower Sig. lower Sig. lower

2008 AAQO exceedance 0 0 1 0 0 0 4

2009 AAQO exceedance 0 0 10 0 0 0 59

2010 AAQO exceedance 3 6 4 0 0 0 86

2011 AAQO exceedance 0 6 14 0 0 0 143

2012 AAQO exceedance 3 1 3 0 0 0 182

2008 Mean (ppb) 0.72 0.60 0.39 0.32 0.61 0.36 0.95

2009 Mean (ppb) 0.72 0.52 0.51 0.47 0.62 0.27 0.73

2010 Mean (ppb) 0.72 0.54 0.70 0.58 0.60 0.30 1.39

2011 Mean (ppb) 0.53 0.49 0.87 0.71 0.60 0.33 1.37

2012 Mean (ppb) 0.55 0.47 0.60 0.58 0.39 0.26 1.39

Peace River PulpAlpac Grande Prairie Pulp
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Daily ambient data 

Table 19 

Daily Ambient TRS Statistical Summary from 2008 to 2012 

 

Mean annual ambient data 

Figure 9 shows the mean concentrations at Alpac’s Station #1 and Station #2 seem to 

lower slightly over the years, and the same could be said for GPP’s Evergreen station and Henry 

Pirker station.  Alternatively, Peace River Pulp Townsite and Millsite stations observe 

concentrations that seem to rise slightly over the years, and there is a noticeable increase in the 

annual ambient mean at the Hinton station from between 2009 and 2010, after which the mean 

remains elevated. 

 

Hinton

Station 1 Station 2 Millsite Townsite Evergreen Henry Pirker Hinton

N 1827 1827 1826 1826 1793 1826 1827

Mean (ppb) 0.65 0.52 0.61 0.53 0.57 0.30 1.17

Maximum (ppb) 2.65 3.80 7.70 2.69 2.39 1.43 11.00

Minimum (ppb) 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Standard Deviation 0.28 0.29 0.55 0.41 0.25 0.17 1.17

Standard Error Mean 0.01 0.01 0.01 0.01 0.01 0.00 0.03

Upper CI (0.95)(ppb) 0.66 0.54 0.64 0.55 0.58 0.31 1.22

Lower CI (0.95)(ppb) 0.63 0.51 0.59 0.51 0.55 0.30 1.11

Distribution Non-parametric Non-parametric Non-parametric Non-parametric Non-parametric Non-parametric Non-parametric

AAQO 3 3 3 3 3 3 3

Wilcoxon rank/T-test Sig. lower Sig. lower Sig. lower Sig. lower Sig. lower Sig. lower Sig. lower

2008 AAQO exceedance 0 0 0 0 0 0 4

2009 AAQO exceedance 0 0 2 0 0 0 9

2010 AAQO exceedance 0 2 0 0 0 0 36

2011 AAQO exceedance 0 1 6 0 0 0 30

2012 AAQO exceedance 0 0 1 0 0 0 39

2008 Mean (ppb) 0.72 0.60 0.39 0.32 0.61 0.36 0.95

2009 Mean (ppb) 0.72 0.52 0.51 0.47 0.62 0.27 0.73

2010 Mean (ppb) 0.72 0.54 0.70 0.58 0.60 0.30 1.39

2011 Mean (ppb) 0.53 0.49 0.87 0.71 0.60 0.33 1.37

2012 Mean (ppb) 0.55 0.47 0.60 0.58 0.39 0.26 1.39

Alpac Peace River Pulp  Grande Prairie Pulp
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Figure 9. Mean Annual Ambient TRS in ppb from 2008 to 2012 

 

  In Table 20 and 21, statistical comparisons of both hourly and daily TRS concentrations 

between stations yielded some variation in results, but did indicate that all concentrations were 

significantly different from each other.  Hinton and Alpac’s Station #1 had the highest hourly 

and daily concentrations and GPP’s Henry Pirker station had significantly lower hourly and daily 

TRS concentrations than the other stations. 

 

 



FACTORS INFLUENCING ENVIRONMENTAL PERFORMANCE 96 
 

 

Table 20 

Ambient hourly TRS concentration comparison between ambient monitoring stations 

 

 

 

 

Table 21 

Ambient daily TRS concentration comparison between ambient monitoring stations 

 

 

 

 

ESRD Interview Results and Additional Information 

ESRD employees provided insight into outstanding questions about setting approval 

conditions, developing and implementing policy, managing ambient air quality, and assuring 

compliance with the legislative requirements.  Questions were posed to various subject matter 

Ambient Hourly Data Kruskal-Wallis Rank  Mean Rank Median Rank ANOVA Rank

Hinton 2 1 1 A

Alpac Station #1 1 2 1 B

PRP Millsite 4 3 3 C

GP Evergreen 3 4 2 D

DMI Townsite 5 5 2 E

Alpac Station #2 6 5 2 E

GP Henry Pirker 7 6 4 F

Ambient Daily Data Kruskal-Wallis Rank  Mean Rank Median Rank ANOVA Rank

Hinton 1 1 1 A

Alpac Station #1 2 2 2 B

PRP Millsite 4 3 4 B-C

GP Evergreen 3 4 3 C-D

PRP Townsite 6 5 6 D

Alpac Station #2 5 6 5 D

GP Henry Pirker 7 7 7 E

Note: Numerical rankings represent the order from highest to lowest, with 1 having the 
highest emissions.  Any numerical values that are repeated are considered identical.  The 
ANOVA rankings identify the order and significance of the variance between emission 
sources.  “A” represents the highest emissions and sources not connected by the same letter 
are considered significantly different.  
 

Note: Numerical rankings represent the order from highest to lowest, with 1 having the 
highest emissions.  Any numerical values that are repeated are considered identical.  The 
ANOVA rankings identify the order and significance of the variance between emission 
sources.  “A” represents the highest emissions and sources not connected by the same letter 
are considered significantly different.  
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experts at ESRD during interviews and email exchanges.  Copies of the Research Consent Form 

and the interview questions can be found in Appendix A.  

Setting Approval Conditions 

ESRD approvals staff clarified that approval conditions and limits are set using existing 

guidelines, standards, policies, and objectives, as presented in the literature review of this 

research paper (ESRD employer, personal communication June 20, 2013).  A general industrial 

approvals template is used as a guide, but it is not sector specific, so approval writers strive to be 

consistent with the requirements at similar facilities.  However, sometimes a consistent approach 

is not appropriate and site specific conditions are required. Differences in approval clauses 

between facilities in the same sector may also be due to differences between operational regions 

in the province, as well as the experiences and preferences of approval writers, but any 

deviations from standard clauses should be justified.  If there is no existing standard in Alberta, 

professional discretion is used to set emission limits based on standards in other jurisdictions, 

manufacturer’s equipment specifications, and operational capabilities.  Statements of concern 

from the public, benchmarking studies, and environmental quality guidelines are all tools used 

by approval writers to negotiate lower emission limits.  An emphasis on continuous improvement 

means that limits will likely become more stringent over time.  However, setting a limit so low 

that it cannot be met by equipment performance and operational realities is not helpful.  In fact, it 

may discourage research and development as operators give up on trying to attain unrealistic 

goals.  Companies want to know what the regulatory requirements will be before they invest 

(ESRD employee, personal communication, June 20, 2013) but it’s not always clear when 

regulations might change and by how much.  It was noted that while monitoring requirements 

may be in place for some TRS sources at the mills, emissions limits are not always specified 
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(ESRD employee, personal communication, June 20, 2014).  This is likely because at one time, 

the approval writer may have assumed that a particular source of TRS would not be a concern, or 

because monitoring data gathered over the years proved that it posed a low risk; otherwise, 

approval limits would be revisited (ESRD employee, personal communication, June 20, 2013).  

Finally, the approval requires that fugitive emissions and other non-approved emissions are 

controlled such that they do not cause an adverse effect, but it is not clear how that should be 

carried out.  An ESRD employee clarified that there were many methods of identifying and 

managing fugitive emissions.  Methods for detecting fugitive emissions can range from simple 

odour detection to ambient air quality monitoring and the use of infrared and ultraviolet 

technology.  There are numerous control measures available that can range from routine 

preventative maintenance to complex joint measurement techniques (ESRD employee, personal 

communication, July 31, 2013).  No particular method is specified by ESRD; therefore, it is left 

to the discretion of industry to develop their own programs.  

Policy Development and Implementation 

 Questions posed to ESRD employees focused on policies related to Best Available 

Technology Economically Achievable, Cumulative Effects Management and Continuous 

Improvement, and the role of government in managing air quality. Alberta’s Guidance for 

assessing BATEA and developing Technology Based Standards, 2011 refers to the 

implementation of Best Available Technology Economically Achievable (BATEA) and sets 

directions for evaluating and implementing BATEA (Government of Alberta, Environment, 

2011).  The focus of BATEA within a CEMS is on the following outcomes: reduce the 

environmental footprint of industry; ensure continuous improvement; and develop a benchmark 

and base level for industrial performance requirements. However, unlike the EU’s BAT, BATEA 
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technology is not specifically described and there can many different interpretations depending 

on the application and context.  Therefore, approval writers must use their professional judgment 

and reliance is placed on industry to identify and implement BATEA and maintain industry best 

management practices.  Comparisons in emissions performance between facilities, i.e. 

benchmarking reviews, are usually done by ESRD when there is a need identified by policy 

renewal timelines or new information prompts the need for a change in policy (ESRD employee, 

personal communication, June 20, 2013). National benchmarking reviews usually occur every 5 

to 10 years, and international comparisons are conducted every 10 to 20 years (ESRD employee, 

personal communication, July 31, 2013).    

A recent approvals redesign was triggered by ESRDs shift to outcomes-based 

authorizations in support of the Cumulative Effects Management System.  The intent of the 

approvals redesign was to have applicants submit information pertaining to the environmental 

impact of their activity and to demonstrate their ability to contribute to achieving established 

outcomes. In addition, approval applicants would be required to prepare a Continuous 

Improvement Plan outlining how they intended to optimize their performance and reduce their 

impact over time. ESRD’s Continuous Improvement Policy was drafted to provide guidance to 

approval writers and stakeholders regarding the objective of CI plans and the content to be 

submitted as part of the approval application (ESRD employee, personal communication, June 

20, 2013).  However, the requirement to submit a CI plan was dropped when the final draft of the 

Guide to Content for Industrial Approval Applications was published on June 2, 2014.  The 

Guide to Content outlines the information that must be included in an approval application. 

Among other things, applicants must evaluate their impacts and describe how they will manage 

cumulative effects, but they are not required to prepare and submit a CI Plan (Environment and 
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Sustainable Resource Development (ESRD), 2014a).  ESRD employees commented that CI 

policies are good in theory but they don’t always achieve the intended goal. CI goals must be 

measurable and achievable, and defining acceptable, consistent, and measurable goals for all 

common facilities is difficult for regulators (ESRD employee, personal communication, June 20, 

2013).  On the other hand, stakeholders tend to develop CI goals that are subjective and “wishy-

washy”, achieving no actual improvements.  When it comes to new facilities, CI may not be 

appropriate as they are supposed to be built with the best design and latest technology already in 

place (ESRD employee, personal communication, June 20, 2013).  In addition, CI may actually 

serve as a disincentive to significant improvements early on.  A facility may only be motivated to 

improve marginally each year as they anticipate that regulators will want to see steady progress 

over time.  CI plans are not expected to be mandated in future approval conditions, so long as 

details remain unresolved, but they could be required on a case-by-case basis at the discretion of 

the approval writer (ESRD employee, personal communication, June 20, 2013).  

The role and responsibilities of leading air quality management and facilitating 

discussions between stakeholders on current environmental issues and best practices was also 

discussed with ESRD employees.  The Canadian Council of Ministers of the Environment 

(CCME) has been leading the development of a National Air Quality Management System 

(NAQS) in consultation with provincial governments and stakeholders.  The system includes 

new Canadian Ambient Air Quality Standards (CAAQS), the establishment of new base-level 

industrial emission requirements (BLIERs), and the development of targeted air zone 

management plans by provinces and territories.  The objective of BLIERs is to target industrial 

facilities and limit emissions of nitrogen oxides (NOx), sulphur dioxide (SO2), volatile organic 

compounds (VOCs), and particulate matter (PM) (Environment Canada, 2014).  BLIERs will be 
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based on the requirements of leading jurisdictions inside or outside Canada and adjusted for 

Canadian circumstances (Environment Canada, 2014).  BLIERs are being implemented in phases 

between 2013 and 2015 using both regulations and alternative instruments (CCME, 2014). The 

Provinces may choose to set more stringent requirements depending on local conditions; 

however, a consistent and level playing field is what regulators strive to achieve and is a benefit 

to industry (ESRD employee, personal communication, June 20, 2013).  The NAQMS clearly 

outlines the division of responsibilities between the federal, provincial and territorial 

governments for successfully implementing the system.  All governments have a collective 

responsibility to prevent air quality from deteriorating (CCME, 2014).  Provinces and territories 

will establish local air zones and lead air quality management through the Air Zone Management 

Framework (CCME, 2014).  All governments will work collaboratively with the CCME and 

appropriate stakeholders to develop, review and amend BLIERs.  The Provincial and territorial 

governments may implement and regulate their own BLIERS, or the federal requirements will 

apply (CCME, 2014).  When it comes to leading discussions about specific operational issues 

impacting the environment, any number of people and positions could take on this role, but 

ESRD’s Policy branch and Operations branch are equally important for delivery of workable 

solutions in cooperation with affected stakeholders (ESRD employee, personal communication, 

July 31, 2013).     

Ambient Air Quality Management 

ESRD employees also answered questions about how ambient air quality is evaluated 

within ESRD’s Ambient Air Quality Management system.  TRS ambient air quality monitoring 

data is assessed by both approval holders and by ESRD (ESRD employee, personal 

communication, June 20, 2013).  In some cases, TRS is used as a surrogate for H2S monitoring 
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and the data is compared to Alberta’s ambient H2S objective, but ESRD has reservations about 

using TRS as a surrogate for H2S.  This is because H2S is one potential constituent in a family of 

TRS compounds and the odour threshold for some constituents of TRS may be quite a bit lower 

than that of H2S (ESRD employee, personal communication, June 21, 2013).  Ambient reporting 

falls under two categories: reporting trends of longer term observations and reporting air quality 

exceedances from short term observations.  Currently, it is the responsibility of the approval 

holder to collect, review, and summarize monitoring data as required by their approvals (monthly 

and/or annually) (ESRD employee, personal communication, June 21, 2013).  Approval holders 

are also required to review and immediately report any exceedances of AAQOs on a daily basis 

in accordance with the Air Monitoring Directive, 1989 (ESRD employee, personal 

communication, June 21, 2013). Approval holders may operate their own ambient monitoring 

stations or the stations may be operated by airsheds on behalf of an approval holder.  Unlike 

approval holders whose monitoring activities are regulated through approval conditions, airsheds 

are not governed by a directive or policy that states they are responsible for reviewing the data 

and evaluating trends.  Airsheds are currently operating a large network of monitoring sites 

across the province; therefore a revision of the Air Monitoring Directive currently underway will 

consider this current state (ESRD employee, personal communication, June 21, 2013). 

 ESRD also assesses ambient air quality monitoring data relative to applicable 

requirements and AAQOs (ESRD employee, personal communication, June 21, 2013).  

Furthermore, ESRD conducts regular audits of the air monitoring stations across the province to 

ensure they are operated and maintained in accordance with all of regulatory requirements and 

the Air Monitoring Directive, 1989.  Ambient air data collected by approval holders is submitted 
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to ESRD for review and is displayed on a real time website maintained by ESRD3, along with the 

corresponding the Air Quality Health Index (AQHI). The AQHI provides a number from 1 to 10 

to indicate the level of human health risk associated with local air quality.  The AQHI value is 

calculated based on the relative mixtures of ground level ozone, particulate matter, and nitrogen 

dioxide, as well as hourly comparisons of individual pollutant concentrations relative to AAQOs.  

Alberta’s AQHI also considers the amounts of sulphur dioxide, H2S, TRS, and carbon monoxide 

when reporting the value, which can include special community-based odour and visibility 

messaging.  Figure 10 presents the message that is displayed when concentrations of fine 

particulate matter, sulphur dioxide, and/or H2S or TRS exceed specified thresholds:  

While you may detect an odour or change in visibility or clarity, enjoy your outdoor 
activities unless you experience symptoms. 

Figure 10. ESRD’s Air Quality Health Index odour and visibility messaging (ESRD, 2014b). 

 

The message is displayed when the AQHI value is 6 or lower, and one or more of these 

single-substance concentrations are exceeded: a) 25 ug/m3 of fine particulate matter, b) 100 ppb 

of sulphur dioxide, or c) 10 ppb H2S or TRS.  ESRD applies the 10 ppb H2S objective to TRS 

monitoring data when evaluating the AQHI because TRS is measured at some sites where H2S is 

not, H2S is captured in TRS monitoring, and because other sulphur compounds are also odorous.  

The AQHI is a short term air quality analysis and there is no evidence that ESRD currently 

conducts routine analysis of ambient TRS data with the goal of detecting trends over time 

(ESRD employee, personal communication, June 22, 2013).  

ESRD does not have an Alberta Ambient Air Quality Objective for TRS as its individual 

                                                 

3 Located at: http://www.envinfo.gov.ab.ca/AQHI/ 
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compounds all have differing toxicity and odour detection thresholds (ESRD employee, personal 

communication, June 22, 2013).  For the same reason, ESRD does not have AAQOs for 

total hydrocarbons (THC), even though this parameter is widely measured in the province 

(ESRD employee, personal communication, June 21, 2013).  ESRD has no plan to develop an 

AAQO for TRS because is it a mixture of substances and there must be a known endpoint, either 

a human health effect or ecological effect, in order to set an AAQO (ESRD employee, personal 

communication, June 20, 2013). If a particular component of TRS was a concern, an objective 

could be set for that particular compound and it could then be used in the dispersion modeling 

during the approval application process (ESRD employee, personal communication, June 22, 

2013).  In cases where the AAQO is based on odour as it is for H2S, the AAQO is considered 

protective of human health because the odour threshold is lower than the H2S level that causes 

acute health effects (ESRD employee, personal communication, June 20, 2013).  ESRD 

employees added that the objective of measuring ambient concentrations of certain parameters 

was not solely to compare the values to some threshold.  Insights into the temporal and spatial 

variations of a parameter can be gained from monitoring data and furthermore, the data serves as 

baseline information for the development of regional and provincial air management 

frameworks.  If warranted, a parameter could be incorporated into regional or sub-regional plans 

under the Land Use Framework.  As part of this process, a trigger limit would be developed to 

prompt the necessary management a particular substance to meet desired outcomes.  Although 

AAQOs have primarily been used as the basis for developing Regional Plan triggers, ESRD is 

not limited to this method.  The Clean Air Strategic Alliance (CASA), a multi-stakeholder group 

that includes representation form ESRD, is currently working on developing an odour 

management framework for the province.  A team was formed in 2013 to create a good practice 
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guide for assessing and managing odour in Alberta.  The CASA Odour Management Team 

continues to focus their work on seven topics areas: complaints, odour assessment, health, 

prevention and mitigation, enforcement, education, and continuous improvement (CASA, 2014).  

If the guide developed is deemed effective, such a tool could be used in conjunction with the 

Ambient Air Quality Management System to manage odour throughout the province (ESRD 

employee, personal communication, June 21, 2013).  As TRS becomes more prominent as a 

concern, additional AAQOs, tools, and policies to control TRS may be developed (ESRD 

employee, personal communication, June 20, 2014). 

Compliance Assurance 

ESRD has “set out clear rules and expectations for the protection and enhancement of the 

environment” and employs education, prevention, and enforcement tools to achieve that goal, 

ESRD, 2014c).  But in practice, ensuring adherence to regulatory standards and enforcing the 

law is rarely black and white.  The situation can be complicated when it comes to ensuring air 

quality does not exceed AAQOs.  At times, it can be difficult to determine who is contributing to 

ambient air quality exceedances and adverse conditions (ESRD employee, personal 

communication, June 20, 2013). The concept of “ambient” leaves room for other influences to 

impact on TRS values and the difficulty comes from being unable to identify the owner of the 

emissions beyond a reasonable doubt, notwithstanding the circumstantial evidence identifying a 

single source (ESRD employee, personal communication, July 9, 2013).  Furthermore, AAQOs 

by themselves are not enforceable (ESRD employee, personal communication, August 7, 2014) 

so the absence of an ambient air TRS objective or guideline has little bearing on compliance 

outcomes (ESRD employee, personal communication, July 9, 2013).  Enforceability of ambient 

limits becomes a more viable option if the objectives are appended as limits within an approval; 
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otherwise, they are not considered legal requirements (ESRD employee, personal 

communication, July 9, 2013).  AAQOs, especially ones based on odour thresholds, tend to be an 

indicator of a problem in the area that requires further investigation.  Investigations into elevated 

ambient TRS may determine that lower point source limits should be placed on facilities, in 

which case, those limits become enforceable (ESRD employee, personal communication, June 

20, 2013).   

Odours fit within the definition of “substance” under S.1 (mmm) of EPEA as being “any 

matter that…is capable of becoming dispersed in the environment”.  Section 108 (1) of EPEA 

apples to approved facilities and states that “No person shall knowingly release or permit the 

release of a substance into the environment in an amount, concentration or level, or at a rate of 

release that is in excess of that expressly prescribed by an approval, a code of practice or the 

regulations.”  Section 108 (2) of EPEA also prohibits the release of a substance into the 

environment in excess of what is expressly prescribed by an approval or the regulations, but it 

excludes the mental element of knowingly releasing the substance.  Unfortunately, there has 

been a past court proceeding in which the judge ruled that odour is not a substance.  In R v Colt 

Engineering Corp, 1999, the charges were dismissed as the judge ruled the odour caused by a 

release of mercaptan, was not a “substance” and did not cause an “adverse effect” as defined 

under the legislation for the release of a substance from a non-approved activity (R. v. Colt 

Engineering Corporation, 1999).  However, this court ruling came from the Provincial Court of 

Alberta, therefore higher courts, such as the Alberta Court of Queen’s Bench, the Alberta Court 

of Appeal, and the Supreme Court of Canada, do not have to follow the judgments made in the 

Provincial Court of Alberta. 
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If an adverse ambient condition is caused by approval limit exceedances, enforcement 

action may be taken, because failing to meet approval conditions is an offence under S. 227 of 

EPEA, which reads that “a person who (d) knowingly contravenes a term or condition of an 

approval……..or e) contravenes a term or condition of an approval…..is guilty of an offence”.  

Even so, approval contraventions can be difficult to prove because the approval itself is an 

authorization to pollute.  For example, the approval holder is allowed to emit fugitive emissions, 

and while they must be controlled such that they do not cause an adverse effect, there is no clear 

expectation for controlling fugitive emissions and other non-approved sources.  Section 228 (1) 

of EPEA states that “A person who commits an offence referred to in....S.108 (1)…or S.227 

(d)...is liable (a) in the case of an individual, to a fine of not more than $100 000 or to 

imprisonment for a period of not more than 2 years, or to both fine and imprisonment, or, (b) in 

the case of a corporation, to a fine of not more than $1 000 000.”  Section 228 (2) of EPEA states 

that “A person who commits an offence referred to in…S. 108 (2)...or S.227 (e)….is liable (a) in 

the case of an individual, to a fine of not more than $50 000, or (b) in the case of a corporation, 

to a fine of not more than $500 000.”   

Another regulatory tool available for dealing with odours from all activities, except 

agricultural operations, is S. 116 of EPEA, Environmental protection orders re odour, which 

states that “where the Director is of the opinion that a substance or thing is causing or has caused 

an offensive odour, the Director may issue an environmental protection order to the person 

responsible for the substance or thing”.  The Director may order the person to take any or all of 

the following measures: 

a) Investigate the situation, 

b) Take any action specified by the Director to prevent the offensive odour, 
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 c) Minimize or remedy the effects of the offensive odour, 

d) Monitor, measure, contain, remove, store, destroy or otherwise dispose of the substance 

or thing causing the offensive odour, 

e) Take measures to control or eliminate the offensive odour, 

 g) Take any other action the Director considers necessary, 

h) report on any matter ordered to be done in accordance with directions set out in the 

order.” 

 ESRD undertakes fair, consistent, and timely investigations in perseverance of any 

enforcement action that may be taken against anyone suspected of contravening Alberta’s 

environmental legislation.  ESRD Investigators must identify and fulfill all the elements of an 

offence under the legislation and prepare their investigation files in accordance with ESRD’s 

policies and procedures through the course of proceeding with enforcement action    

 
 

Corporate Environmental Management 

 Several corporate environmental management factors that represent an organization’s 

commitment to environmental performance and sustainability were explored at each mill in this 

case study.  I identified the environmental policy and EMS at each facility, the best management 

practices and the Best Available Techniques applied at each mill to manage TRS, as well as each 

facility’s corporate sustainability reporting practices.  Information was gathered through 

interviews with mill environmental managers, monthly and annual reports, and corporate 

publications.  
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Environmental Policy and EMS 

An Environmental Management Systems (EMS) is a framework for managing 

environmental efforts in way that integrates organizational business goals (US EPA, 2012).  One 

major framework for an EMS is the ISO 14001 standard, which is used extensively worldwide 

and is the standard for comparison in this research4.  A well-developed and implemented EMS 

can improve environmental performance, enhance compliance, increase efficiency, reduce 

operating costs, attract new customers, improve employee morale, and enhance public image 

(US EPA, 2012).  Granted, there are many benefits, but effectively implementing and 

maintaining an EMS requires corporate commitment.  Personnel may be resistant to change and 

completing the work involved, and senior management must be committed to the EMS for the 

long term and provide the resources and training necessary for it to be successful (US EPA, 

2012). The first step to creating an EMS is developing a strong Environmental Policy that 

demonstrates the company’s approach to environmental management and reflects its 

commitment to protect human health and the environment (US EPA, 2012). Environmental 

Policies must satisfy the following criteria under the ISO 14001 standard: 

• be available to the public and have the endorsement of top-level management. 

• include a commitment to pollution prevention and compliance with legal or other 

requirements 

• provide a framework for setting objectives and targets, and implementing, 

maintaining, and documenting an EMS  

• be appropriate to the nature and scale of potential impacts 

                                                 

4 The EU Eco-Management and Audit Scheme (EMAS)  is the major framework in the European 
Union. 
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• commit to communicating environmental management plans and progress to the 

public (U.S. Environmental Protection Agency, 2013). 

Links to the the environmental policies of each mill can be found in Appendix D.  A 

review of the policies revealed that they adhere more or less to the ISO 14001 criteria.  All of the 

policies were available on the company websites and addressed both forestry and pulping 

operations, but the details did vary between the policies.  Grande Prairie Pulp’s environmental 

policy was the most detailed, and was the only one to include endorsement by top-level 

management on the policy itself, clearly demonstrating senior management commitment.  

Furthermore, the environmental policies of Alpac or Peace River Pulp do not explicitly commit 

to regular reporting on goals and progress in their policies, suggesting that senior management is 

not fully committed to the EMS framework.    

 With the exception of Grande Prairie Pulp, the Environmental Management Systems 

adopted by the mills are ISO 14001 certified.  Alpac has been ISO 14001 certified since 2001 

(Mill employee, personal communication, July 17, 2013) and DMI has been certified since 2004 

(SAI Global, 2013).  Hinton Pulp has been ISO 14001 certified since 2000 and sought 

recertification in 2006 (West Fraser, 2015).  Grande Prairie Pulp has had an EMS in place since 

2004 that is modeled after 14001 and is audited annually, but no certification has been sought 

(Mill employee, personal communication, June 20, 2013).  Representatives at Grande Prairie 

Pulp noted that there was a lack of drivers for certification from consumers and the high cost of 

verification was a deterrent.  An employee from another mill added that although they are ISO 

14001 certified; the certification has not been as valuable as originally perceived.  Although 

unintended, they found that ISO certification has a tendency to impose administrative burdens 
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and shift resources away from real environmental work (Mill employee, personal 

communication, July 19, 2013).          

Best Management Practices at the Mills from Jan 2008 to Jan 2013 

 In order to determine industry best practice in managing TRS emissions, numerous 

questions were posed to mill environmental managers regarding their monitoring practices, 

fugitive and other emissions management practices, communications, and continuous 

improvement plans.   

 Monitoring emissions is a critical component of managing emissions.  Environmental 

managers at each mill were questioned about how they use monitoring data to optimize their 

process, how venting times and scrubber downtime are monitored, and how often monitoring 

devices are maintained and calibrated.  Regular review of hourly and daily TRS data by the 

operators to optimize process is common between the mills through their Distributed Control 

Systems (DCS), which display real time results and emission projections for operators in the 

control room so for use in process optimization and decision making regarding where LVHC and 

HVLC gas collection systems will be incinerated.  DCSs are often equipped with high-level 

alarms that are set below the approval limit at all of the mills to warn operators of upsets in 

advance of approved limit exceedances.  Ambient air quality data is also monitored on a daily 

basis by the mills and odour complaints are used to troubleshoot issues at the facility.  Longer-

term trends in data are evaluated by the mills when monthly and annual reports are compiled for 

regulatory reporting.  Non-condensable gases that are gathered in collection systems, like the 

LVHC, HVLC, and Condensate Stripper systems, must vent when their incineration points 

become unavailable due to power outages or other operational upsets.  When it comes to 

monitoring venting episodes, the DCS tracks vent times automatically at every mill; however, 
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the accurate measurement of venting time is a grey area (Mill employee, personal 

communication, July 17, 2013).  Some mills may include venting at any point along the gas 

collection system in the total vent time, whereas other mills count venting from the main stacks 

only; therefore, direct comparisons of venting between the mills may be not fair (Mill employee, 

personal communication, July 17, 2013).  Similar to venting, monitoring of scrubber downtime is 

not specified by the regulator, therefore scrubber downtime tracking methods can differ and 

comparisons may not be fair.  Scrubber downtime at the mills should only occur due to 

preventative maintenance or mechanical issues.  Operators record scrubber downtime manually 

when notified by alarms in the DCS system, or it is tracked automatically by a data historian that 

monitors the flow, which is the case at Peace River Pulp. With respect to calibrating and auditing 

quality assurance and quality control (QA/QC) measures in place for TRS monitoring devices, 

all of the mills follow the requirements specified in Alberta’s continuous emissions monitoring 

(CEMS) Code for point source emissions analyzers, and Alberta’s Air Monitoring Directive 

(AMD) for ambient air monitoring analyzers. Regular preventative maintenance and calibration 

is often performed by each mills own electrical and instrumentation staff and other required 

QA/QC checks, such as Relative Accuracy Test Audits (RATAs), Cylinder Gas Audits (CGAs), 

and system audits are performed either by mill staff or by a third party.  An employee at DMI 

noted that the requirements in the CEMS Code and AMD can sometimes be vague with respect 

to the calibration frequency of ambient analyzers and the conditions under which dual range 

analyzers should be required to accurately measure the variability of emissions.      

The mills are required to control fugitive and other emissions to prevent adverse effects, 

but methods and expectations are not specified by the regulator and are open to interpretation by 

each operator.  At Alpac, processes are monitored 24 hours a day, 7 days a week and operators 
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address unusual conditions.  This not only includes point source TRS and H2S monitoring data, 

but process variables as well, such as temperature and pressure gauges that could indicate 

potential process upsets that may lead to TRS releases. Operators also conduct regular 

inspections during each shift that can lead to identifying sources of odours, and ambient air 

monitoring data is monitored daily for unusual events. Between January 2008 and January 2012, 

Alpac removed the sludge from its emergency spill pond.  Although this is practiced regularly, 

the pond was cleaned in its entirety due to a necessary liner repair, which increased its capacity 

to retain spills and reduce odour generation in the pond.  Much of the same review of monitoring 

data is practiced at Hinton Pulp.  The mill primarily relies on their stationary continuous H2S 

occupational health and safety monitors to detect fugitive emissions, and all staff are trained in 

standard operating procedures for identifying, controlling, and repairing leaks.  In addition, staff 

at Hinton Pulp can use a portable Jerome H2S monitor for identifying fugitive emissions.  

Between January 2008 and January 2012, many measures were taken by Hinton Pulp to reduce 

their odours.  In 2011, Hinton Pulp initiated an Odour Control Task force in response to 

increased TRS levels at the Hinton ambient air monitoring station, increased numbers of odour 

complaints, concerns expressed by ESRD, and Hinton Pulp’s desire to be a good corporate 

player.  The actions taken by the Odour Control Task Force centered on regulating pH in the 

wastewater treatment to reduce H2S generation, and monitoring H2S around the wastewater 

treatment system perimeter and other locations using the portable Jerome H2S monitor.  In 2012, 

a fugitive emissions study was performed in-house.  FP innovations was called upon to 

determine the TRS release potential from the ponds and sewers and Stantec was retained to 

monitor potential TRS sources using a nasal ranger and perform dispersion modeling using 

newly acquired wastewater treatment system emission information under both normal and 
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extreme stack operating conditions.  The dispersion model confirmed that the ponds were the 

largest source of ground level emissions due to condensates in the pond.  In response, Hinton 

Pulp made the following commitments: 

• Installed a piping system in 2013 to add hydrogen peroxide to the sealed sewer of 

the mill to oxidize reduced sulphur 

• Ongoing control of Smelt Dissolving Tank levels 

• Explore a rebuild the #2 Power boiler as a second incineration point for HVLC 

gases 

• Study the option of switching from the #2 Power boiler to the Lime Kiln as an 

incineration point for NCGs; 

• Study the option of routing LVHCs to the #2 Power boiler so both LVHCs and 

stripper systems will have three incineration options.    

Peace River Pulp also relies on point source, ambient air, and occupational health and 

safety TRS and H2S monitoring data to detect fugitive and other emissions.  Unlike the other 

mills, Peace River Pulp is required to continuously monitor venting of non-condensable gases 

(LVHCs and HVLCs).  Peace River Pulp does not have a formal Leak Detection and Repair 

program, but if rupture disks on the evaporators fail and gases are emitted, the operators are 

alarmed and these emissions are counted as part of the monthly venting totals and subject to 

approval limits.  The social license to operate has been the driver for additional measures taken 

been between January 2008 and January 2012 to manage TRS at Peace River Pulp.  The primary 

focus has been on controlling fugitive emissions, however many of the measures taken by Peace 

River Pulp to control fugitive emissions were taken before the timeframe of interest in this study.  
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Peace River Pulp has adopted an innovative approach to TRS emissions management by building 

fingerprints of the emissions compositions from different sources.  Using odour complaints and 

TRS and SO2 ambient air monitoring data, DMI has tracked the TRS/SO2 ratio fingerprint from 

different emission sources over the years to assist them in identifying the sources contributing to 

ambient air quality and public complaints and manage them appropriately.  Like the other mills, 

Grande Prairie Pulp utilizes point source, ambient, and OH&S monitoring as feedback to address 

fugitive emissions.  Unique to Grande Prairie Pulp is the presence of orange liquor scrubbers on 

TRS vent stacks, which remove additional sulphur from the effluent streams very effectively.  

No significant actions were taken between January 2008 and January 2012 to manage TRS as 

most of the control measures were put in place before this time.      

Maintaining open lines of communication is an important part of achieving good 

environmental performance; therefore, mill employees were questioned about communication 

practices internally, within the sector, and with other stakeholders.  All of the mills hold daily 

meetings to discuss operations, maintenance, and environmental performance and all agreed that 

communication on environmental issues is an ongoing process.  Peace River Pulp provides 

annual environmental awareness training as part of their ISO certification that covers odour as a 

significant environmental aspect.  Grande Prairie Pulp employees take refresher training and 

review SOP’s annually, and safe work practices are reviewed monthly with employees and after 

incidents.  Mill employees also maintain open lines of communication between themselves.  

Grande Prairie Pulp and Hinton Pulp are both members of the Alberta Forest Products 

Association (AFPA) and participate in quarterly meetings.  Alpac and Peace River Pulp used to 

be members of the AFPA, but no longer participate as members in the association because they 

don’t see the value in it.  All of the mills are standing members of the Forest Products 
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Association of Canada (FPAC) and the Pulp and Paper Technical Association of Canada 

(PAPTAC). All of the mills used to participate in the Pulp and Paper Technical Working group 

that was comprised of government and Pulp and Paper mill representatives, but this group no 

longer exists.  The mill employees interviewed agreed that the Pulp and Paper Technical 

Working group was valuable and they would participate again, but no one is leading the 

reformation of the group.   Peace River Pulp and Grande Prairie Pulp are members of the 

National Council for Air and Stream Improvement (NCASI) and Hinton Pulp and Alpac partner 

with FP Innovations to advance environmental research. 

   Continuous Improvement is a deliberate process of reviewing and improving all aspects 

of operations and environmental performance and can make a big difference as incremental 

changes result in large improvements over time.  Despite there is no regulatory requirement to 

develop and implement a Continuous Improvement Plan, all of the mills generate strategic plans 

that set goals for continuous improvement.  At Alpac, various business units and teams are 

guided by strategic plans that define improvements over the upcoming years.  At Peace River 

Pulp and Hinton Pulp, continuous improvement plans are developed as part of their ISO 14001 

certification and Hinton Pulp has also developed an Odour Control Plan in recent years to 

address noxious emissions.  Grande Prairie Pulps continuous improvement activities are guided 

by their Sustainability Roadmap, Vision 2020, which addresses business, the environment and 

their products.  It was developed based on input from many stakeholders including ESRD, and is 

discussed further below under Corporate Sustainability Reporting.         

Best Available Techniques Practiced in Alberta 

The Government of Alberta encourages the adoption of BATEA, but what is considered 

BATEA is not defined; therefore, the Best Available Techniques employed in the European 
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Union have been used as the basis for determining how practices at Alberta’s mills compare to 

the leading odour reduction techniques in the world.  The European Union IPPC’s Reference 

document on Best Available Techniques in the Pulp and Paper Industry clearly describes the 

BATs identified by the industry.  It should be noted that the adoption of the most number of 

techniques may not necessarily achieve the greatest odour control.  In fact, there are 

considerations that need to be made when selecting BATs that will be combined in different 

ways for an overall approach that can yield the greatest performance results.  BATs selected 

should take into account the technological characteristics of the installation, its location, and 

local environmental conditions, to ensure a high level of protection for the environment 

(EUIPPC, 2001).  The results of interviews with mill employees and regarding the adoption of 

each technique at each mill is presented in Appendix E.  The interviews revealed that all of the 

mills have some sort of spill detection and recovery system in their sewers for collecting 

spillages before they reach the wastewater treatment system.  All of the mills, with the exception 

of Hinton Pulp, have storage capacity for large volumes of discharges of concentrated steams to 

the wastewater treatment system, like a spill pond or equivalent, such that the discharges can be 

directed to the storage area, treated as necessary, and slowly introduced into the wastewater 

treatment system so as not to cause upsets.  All mills strip concentrated contaminated 

condensates, and reuse wastewater in the process, but they do so to different degrees.  All of 

Alpac’s contaminated condensates are stripped, the off-gases are feed to the methanol plant, and 

the all water is reused in the process.  At Peace River Pulp, all contaminated condensates are 

stripped and reused, and at Grande Prairie Pulp, all contaminated condensates are treated in the 

integrated stripper system of the new evaporator plant.  Hinton Pulp strips most of its 

condensates and recycles both stripped and contaminated condensates in the process.  The 
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contaminated condensates that are put directly to the sewer are currently treated with hydrogen 

peroxide to remove sulphide  before it enters the wastewater treatment system to reduce odours, 

but this was not implemented during the 2008 to 2012 study period.  All of the mills utilize 

biological wastewater treatment with different configurations to treat their wastewater before 

discharge to the environment.  Alpac is the only mill with an activated sludge system, which is 

considered more efficient than the aerated lagoon systems in place at the other three mills, which 

are barely considered a BAT according to the IPPC BREF document.  All of the mills burn their 

HVLCs in the Recovery Boiler, except for Hinton Pulp, whose HVLCs are directed to the #3 

Power Boiler for incineration.  DMI has no back up incineration option for HVLCs, Alpac can 

use their Power Boiler as a second option, and Grande Prairie Pulp uses their Power Boiler and 

Lime Kiln as second and third HVLC incineration options.  None of the mills practice the BAT 

of incinerating LVHCs in the Lime Kiln.  Alpac and Peace River Pulp prefer to direct their 

LVHCs to the Power Boiler and use the Lime Kiln as a back-up incineration point.  Grande 

Prairie Pulp incinerates its LVHCs in the Recovery Boiler, as it has extra capacity, and uses its 

Power Boiler and Lime Kiln as back-ups. Hinton Pulp prefers to burn their LVHCs and HVLCs 

in the Power Boiler and use the Lime Kiln as a second option.  Another BAT is incinerating 

LVHCs in a separate furnace with an SO2 scrubber.  Alpac, Peace River Pulp, and Hinton Pulp 

burn LVHCs in their Power Boilers, but the boilers do not have SO2 scrubbers; therefore, they 

do not meet the BAT.  Grande Prairie Pulp prefers to incinerate its HVLCs, LVHCs and stripper 

gas in its Recovery Boiler.  Finally, all of the mills employ a two-stage lime mud washing 

process with some checking of lime quality, although the single-stage washing is now the 

dominant method.  
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Corporate Sustainability Reporting 

Corporate Sustainability Reporting (CSR) is a voluntary act that forces an organization to 

look deeply within and across its operations to evaluate and report transparently on its total 

global impact.  There is currently no internationally mandated standard for reporting; therefore 

the content, detail, and credibility of CSRs can vary greatly.  With respect to the operators of 

Alberta’s Kraft Pulp mills, DMI (Peace River Pulp) does not currently publish a corporate 

sustainability report, West Fraser (Hinton Pulp) and Alpac publish corporate sustainability 

reports on their websites, and Weyerhaeuser (Grande Prairie Pulp) is the only company that 

reports to the Global Reporting Initiative and publishes a CSR on its website.  Links to the 

Sustainability Reports published by the mills can be found in Appendix D. Summary findings are 

noted in the following sections.  

Daishowa-Marubeni International Ltd. (DMI) 

Daishowa-Marubeni International Ltd. (DMI) is a privately owned, integrated forest 

products company that was first established in Western Canada in 1969 by Daishowa Paper 

Manufacturing Co., Ltd. and Marubeni Corporation (Marubeni) of Japan.  DMI employs over 

600 people in British Columbia and Alberta and conducts business with up to an additional 600 

people in its woodlands operations.  DMI, along with West Fraser, jointly owns the Cariboo Pulp 

and Paper company in Quesnel, BC Kraft pulp mill and is the sole and original owner of the 

Peace River Pulp Kraft mill in Alberta, which has become one of the top ten pulp producers in 

North America (Daishowa-Marubeni International Ltd. (DMI, 2014).  DMI undertakes several 

forms of reporting but they no longer publish an Environmental Report because it’s felt that 

because the mill is privately owned, there isn’t a requirement for such a public report (Mill 

employee, personal communication, July 4, 2014).   
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West Fraser 

West Fraser is an integrated North American wood products company that was founded 

in 1955 by the Ketcham brothers.  Today they are a publicly traded company operating 40 mills 

across Western Canada and the southern United States that produce lumber, panels, pulp, 

newsprint and wood chips. The company has owned and operated Hinton Pulp since 2005 and it 

publishes an annual Sustainability Report on its website.  West Fraser started its sustainability 

reporting in 2010, and all three reports generated to date are organized similarly and contain 

similar content.  The 2012 report is the most recent report and includes a message from the 

Chair, president, and Chief executive officer, followed by the company’s environmental policy, 

(which differs slightly from Hinton Pulps own policy) and details of West Fraser’s forest 

management and protection, manufacturing, and social responsibility practices.  With respect to 

forest management and protection, West Fraser discusses reforestation, mountain pine beetle, 

wildlife protection, caribou recovery, grizzly bear conversation, and third party certification for 

sustainability for their forestry operations.  The manufacturing section discusses alternative 

energy generation and reducing GHGs, recycling and waste reduction, and maintaining clean air 

and water.  Finally, West Fraser presents the role they play in social and economic development 

through their taxes, employment, and support towards scholarships, reading programs, libraries, 

and community centers.  Overall, the report is pretty vague and brief considering the scope of 

West Frasers operations.  As compared to the GRI reporting principles, the information is not 

clearly presented in a comparable or balanced manner, the report does not include specific 

sustainability targets or objectives, and it has not been externally reviewed for its accuracy and 

reliability.  Finally, a 2013 report was not available for review.       
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Alberta Pacific Forest Industries Inc.    

Alberta Pacific Forest Industries Inc. is a private company that operates Canada’s newest 

and North America’s largest single-line bleached Kraft Pulp mill.  Alpac was the first generation 

of new pulp mills constructed to meet higher environmental standards put in place in the late 

1980’s.  Since 1998, Alpac has been solely owned by the Mitsubishi Corporation (70%) and Oji 

Paper (30%).  The last Corporate Sustainability Report published covers the 2007-2009 reporting 

period and is available on the company’s website.  It includes a message to stakeholders and 

sections on industrial operations; corporate, community and aboriginal relations; and forestry.  

With respect to industrial operations, Alpac focuses on pulp, electricity, and diversification, new 

initiatives, greenhouse gases, water quality, local and regional air quality, and waste reduction.  

In the next section, Alpac describes its team-based workplace, health and safety, aboriginal 

relations, and community initiatives.  Alpac’s forestry operations are focused on sustainable 

forest management, biological diversity, minimizing industrial impact, protecting water 

resources, protecting soil resources, and growing new forests.  Clear goals are set for each of 

these aspects and while the goals are not always quantitative, many indicator parameters are 

identified and monitored regularly.  The report is more detailed than that of West Frasers and it 

clearly describes Alpac’s goals, strategies, and objectives, as well as the steps taken so far to 

achieve the objectives, and the steps that will be taken next towards sustainability goals.  

However, the objectives identified are more qualitative than quantitative, which reduces clarity 

and makes comparability on progress to other mills difficult.  The report was not externally 

reviewed for accuracy or reliability.  Finally, no other sustainability reports have been published 

since the 2007-2009 reporting period, so the information provided is no longer current.  
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Weyerhaeuser 

Weyerhaeuser, owner and operator of Grande Prairie Pulp, was founded in 1900 and is 

now one of the world’s largest forest product companies with operations in the Unites States, 

Canada and Uruguay.  Weyerhaeuser has developed a Vision 2020 Sustainability Roadmap for 

their business, the environment, and their products, based on input from many stakeholders, 

including ESRD.  A comprehensive Sustainability Report is generated annually as part of the 

company’s Sustainability Roadmap.  The annual Sustainability Report is published to the Global 

Reporting Initiative and the company’s website.  The 2014 report opens with a message from the 

CEO, a description of the Sustainability Strategy, and an update on the progress towards meeting 

the 2020 sustainability goals.  The report covers topics relevant to customers, investors, 

employees, and communities.  The customer’s section discusses certifications, product 

stewardship, green building, and innovation.  The investors’ section presents information on 

financial results, risk management, operating ethically, and public policy.  Weyerhaeuser reports 

on issues relevant to employees, such as health and safety, diversity and inclusion, and 

volunteering.  The report also contains information relevant to the communities in which 

Weyerhaeuser operates, such as community investment, forest management, environment, 

climate change, and stakeholder engagement.  Finally, Weyerhaeuser reports on all of the awards 

and recognition they’ve received for their sustainability efforts, and they include all of their data 

and GRI Index information.  Although not externally verified, Weyerhaeuser claims that the 

report was prepared to the “in-accordance-comprehensive” level of reporting of the G4 

Sustainability Reporting Guidelines. Weyerhaeuser has not sought verification for their 

Sustainability Report because verification is considered very expensive and won’t be done until 

it is considered economically prudent (Mill employee, personal communication).  The 2014 
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Sustainability Report includes standard, economic, environmental, social, society, and product 

responsibility disclosures.  Standard disclosures include 58 indexes related to strategy and 

analysis, organizational profile, material aspects and boundaries, stakeholder engagement, report 

profile, governance, ethics and integrity.  Weyerhaeuser reports on four indices related to 

economic performance and twenty-nine environmental indices regarding materials, energy, 

biodiversity, emissions, effluent and waste, compliance overall performance, and environmental 

grievance mechanisms.  The social disclosures include reporting on eleven indices of 

employment, labour, management relations, and occupational health and safety.  The report 

contains seven societal disclosure indices regarding anti-corruption, public policy, anti-

competitive behavior, compliance, and grievance mechanisms for impacts on society.  Finally, 

two product responsibility indices are reported for customer health and safety. Weyerhaeuser’s 

sustainability report is by far the most detailed and credible report compared to those compiled 

by Alpac and West Fraser, despite not being externally verified for accuracy and reliability.  The 

information therein was presented in a clear and balanced manner and can be easily compared to 

the data collected by other mills.  Weyerhaeuser’s reporting is also very timely and they have 

produced a CSR every year since 2002 when the first Roadmap for Sustainability Report was 

published (Weyerhaeuser, 2014).  

Social License to Operate 

Pressure and motivation to improve environmental performance can also come from 

social license feedback.  In this study, the level of community approval towards each mill is 

demonstrated by the proximity of the mills to receptors, the number of times Alberta’s Ambient 

Air Quality Objectives were exceeded, and the number of public complaints received directly by 

the mill and by ESRD through the Co-ordination and Information Centre's (CIC) 24-h call 
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centre.  The number of times ambient air monitoring data indicated exceedances of Alberta’s 

AAQOs was drawn from the data sets obtained directly from the mills or from the airshed 

association.  Tables 22 and 23  below show the number of hourly and daily exceedances of 

Alberta’s AAQO for H2S observed when applied to TRS monitoring data at the mills ambient 

monitoring stations.   

 

Table 22 

Hourly exceedances of Alberta's Ambient Air Objective for H2S, 2008-2012 

 

Hinton Pulp #99

Station 1 Station 2 Millsite Townsite Evergreen Henry Pirker Hinton

2008 0 0 1 0 0 0 4

2009 0 0 10 0 0 0 59

2010 3 6 4 0 0 0 86

2011 0 6 14 0 0 0 143

2012 3 1 3 0 0 0 182

Total 6 13 32 0 0 0 474

*Note: Values in the dataset that were 10.0 ppb and higher were considered exceedances of the AAQO.

Alpac #111 Peace River Pulp #115 Grande Prairie Pulp #113
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Table 23 

Daily exceedances of Alberta's Ambient Air Quality Objective for H2S, 2008-2012 

 

The number of public complaints reported was procured by reviewing the mills monthly 

and annual reports and obtaining data from ESRD’s Environmental Management System (EMS) 

between January 2008 and 2013.  The data is presented in Table 24.  Peace River Pulp is the only 

mill required to report public complaints in their monthly reports, and Grande Prairie Pulp 

voluntarily disclosed their public complaints in the annual reports.  The public complaints of the 

other mills were obtained exclusively from ESRDs records, as this information was not included 

in their reports submitted to ESRD.  

Hinton Pulp #99

Station 1 Station 2 Millsite Townsite Evergreen Henry Pirker Hinton

2008 0 0 0 0 0 0 4

2009 0 0 2 0 0 0 9

2010 0 2 0 0 0 0 36

2011 0 1 6 0 0 0 30

2012 0 0 1 0 0 0 39

Total 0 3 9 0 0 0 118

*Note: Values in the dataset that were 3.0 ppb and higher were considered exceedances of the AAQO.

Alpac #111 Peace River Pulp #115 Grande Prairie Pulp #113
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Table 24 

Public complaints of odour to the mills and ESRD from 2008 to 2012 

   

Alpac Pulp mill operates two ambient air monitoring stations and is situated in a rural 

area 40 km North West of Boyle and 8 km south of the Athabasca River. Between January 2008 

and January 2013, Station 1 recorded six hourly AAQO exceedances and zero daily exceedances.  

Over the same five year period, Station 2 observed 13 hourly exceedances and 3 daily AAQO 

exceedances.  No public complaints were reported to Alpac or ESRD regarding offensive odours.      

The Grande Prairie Pulp mill is located 10 km South East of Grande Prairie, AB, in the valley of 

the Wapiti River.  Between January 2008 and 2013, there were no exceedances of hourly or daily 

AAQOs at either the Evergreen station or Henry Pirker station.  Correspondingly, there were 

only two public complaints made over the same period, one to the mill, and one to ESRD.   

Peace River Pulp is located on the west bank of the Peace River approximately 15 km 

downstream from the town of Peace River.  From January 2008 to 2013, the Millsite station 

recorded 32 hourly exceedances and 9 daily exceedances.  There were no daily or hourly 

To Mill

To ESRD

To Mill

To ESRD

To Mill

To ESRD

To Mill

To ESRD

To Mill

To ESRD

To Mill

To ESRD

Total

2008

2009

2010

4

6

3

0

0

0

0

1

1

0

0

3

0

0

0

1

0

0

13

25

2

0 2

0 6

0 08 0

0

0 1

Alpac #111
Peace River Pulp 

#115

Grande Prairie Pulp 

#113
Hinton Pulp #99

2011

2012

5

7

0

0

1

0

0

0

Total

0

0

0

30

9

0

48

39 2 48

1

1
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exceedances of the AAQO at the Townsite station. During the five year period, thirty public 

odour complaints were made directly to the mill and nine were made to ESRD.  The Hinton Pulp 

mill is located directly inside the municipality of Hinton within the Athabasca River Valley and 

is surrounded by industrial, commercial, residential, and recreation land use areas.  The Hinton 

ambient air monitoring station observed 474 hourly exceedances and 118 daily exceedances of 

Alberta’s AAQOs between January 2008 and 2013.  ESRD received 48 complaints regarding 

odours from the Hinton Pulp mill during this time.  Only records of the complaints reported to 

ESRD were publicly available.  Considering the mills proximity to residents, the number of 

ambient air quality exceedances, and the ratio of complaints to the mill and ESRD at Peace River 

Pulp, it is expected that Hinton Pulp has received more odour complaints over the years than 

ESRD.       

 

Discussion 

 

Regulatory Framework 

 The regulatory framework that guides the operations and monitoring activities related to 

TRS emissions at Alberta’s Kraft Pulps is administered directly through the approval and ESRDs 

policies regarding dispersion modeling and ambient air monitoring.  An ideal regulatory 

framework is structured such that these pieces fit together to ensure sound environmental 

performance and a level playing field for industrial players.  The disparity between an ideal 

framework design and its delivery is what determines the effectiveness of the regulatory system.  

The way in which the approval, dispersion modeling, and ambient air monitoring work together 

in Alberta’s Air Quality Management System were examined in this research. 
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Approval Conditions 

The mills approvals have a similar template but some of the conditions were vague and 

notable differences in the approval conditions were observed that had no obvious explanation.  

First, the approvals for all mills, with the exception of Hinton Pulp, require that they have an 

EMS.  Nevertheless, Hinton Pulp does have an ISO certified EMS.  It also appears there are no 

specific criteria for whether an approved emission source requires regular monitoring and limits.  

Some differences in the design, equipment, and emission sources at each facility are expected, 

but differences in approval limits and monitoring requirements were observed even in sources 

that are common between the mills.  Approvals are usually issued for a period of 10 years, at 

which time they are renewed if the facility plans to continue its operations.  A tightening of the 

Recovery Boiler and Lime Kiln emission limits is observed between 2008 and 2013 in the 

renewed approvals for Peace River Pulp and Hinton Pulp.  This is consistent with ESRDs 

emphasis on continuous improvement in performance over time.  However, the approval 

renewals for these mills were delayed by one year and two years respectively, which delayed the 

implementation of the lower limits and alignment of emission limits between all mills.  

Additionally, the limits for the Smelt Dissolving Tank emissions and scrubber downtime, as well 

as the venting limits of the LVHC, HVLC and Condensate Stripper systems are inconsistent 

between the mills.  It was also interesting to note that Hinton Pulp operates with two Recovery 

Boilers and two smelt dissolving tanks, while the other mills operate with one of each, and 

Grande Prairie Pulp does not have a Smelt Dissolving Tank at all.  The mills are required to 

submit monthly and annual reports, but the content of the reports required by the approvals also 

differs slightly between the mills.  Peace River Pulp is the only mill required to include in their 

monthly report: a list of incidents of non-compliances with the air section of its approval, and a 
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list of odour complaints received by the mill and steps taken to address the complaints.  The 

approvals for all mills, except Hinton Pulp, stipulate that annual reports must include paper and 

electronic copies of time series plots, frequency histograms, means, standard deviations and 

coefficient of variations of all CEMS data, in addition to any other information requested of the 

Director, ESRD.  As there was no obvious justification for the differences in these approval 

conditions, one may speculate that the variances are attributed to differences between approval 

writers in different operational regions of the province.   

A couple of the approval conditions related to TRS were a little ambiguous and open to 

interpretation.  Limits are imposed on scrubber downtime and venting durations, but the methods 

for monitoring downtime and venting are not specified and may be done differently at each mill.  

The mills are also required to control fugitive emissions, but the definition of fugitive emissions, 

the methods and frequency of detection, and the expectations of emission control are not defined 

by ESRD.  Approval holders are left to develop fugitive emissions programs at their own 

discretion.   The approvals require ambient air monitoring, either by the mill, or by an airshed in 

which the mill participates if one exists.  Alpac, Peace River Pulp, and Grande Prairie Pulp each 

have two ambient stations to monitor air quality, but Hinton Pulp is responsible for ensuring the 

operation of only one station, despite its locality directly within municipality.  It would be in the 

best interest of ESRD and the mills to ensure similar approval limits, monitoring conditions, 

reporting requirements, and clearly articulated expectations between mills, unless there is a good 

reason to implement more stringent requirements due to site specific concerns.  This would 

increase regulator credibility, enable more comparisons between facilities, ensure facilities are 

not advantaged by different regulatory rules, and improve overall environmental performance.  
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Statistical Analysis of TRS Point Sources 

 Common point sources of TRS emissions between the mills were examined statistically 

to determine if their emissions were different from approval limits, how often approval limits 

were exceeded, whether emissions were different between the mills, and whether there were 

changes in emissions from January 2008 to January 2013.  The point sources analyzed include 

the Recovery Boiler, Lime Kiln, Smelt Dissolving Tank, LVHC vent, HVLC vent and 

Condensate Stripper vent.  Statistical analysis of the Recovery Boiler showed that Peace River 

Pulps RB had the highest mean and HP's RB#3 had the lowest mean.  Alpac’s RB experienced 

the most approval exceedances, followed by HP's RB#2, Peace River Pulp, and Grande Prairie 

Pulps Main RB.  Statistical comparison of RB emissions between mills yielded identical results 

in the Kruskal Wallis and mean rankings.  The ANOVA results indicate that Peace River Pulps 

RB emissions were significantly higher than the rest of the mills and Hinton Pulp RB#3 and 

GPP's Main RB had significantly lower emissions than the other RBs.  Grande Prairie Pulp 

suspended the use of its Back-up RB in 2010 and a slight lowering of emissions concentrations is 

observed at both of Hinton Pulps RBs. TRS emissions from the RBs at the other mills remained 

fairly constant over the years.  The TRS concentrations from all Recovery Boilers were 

significantly lower than the approval limits.   

As for the Lime Kiln, Alpac's LK had the highest mean TRS emissions and Grande 

Prairie Pulps LK had the lowest mean emissions.  Hinton Pulps LK concentration fluctuated the 

most and experienced the most approval exceedances, followed by Grande Prairie Pulp and 

Peace River Pulp.  Alpac’s LK it did not exceed its approval limit and its emission concentration 

lowered over the five year period examined.  A comparison of LK emissions between mills 

showed that emissions from each mill were significantly different, starting with the highest 
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emissions from Alpac, followed by Hinton, PRP, and GPP. Grande Prairie Pulps LK emissions 

remained fairly constant over the years, and Peace River Pulps LK TRS emissions increased 

slightly over the years.  The emissions concentrations at all of the Lime Kilns were significantly 

lower than their respective limit.   

For the Smelt Dissolving Tanks, TRS emissions concentrations, emissions mass loading, 

and scrubber downtime were statistically analyzed.  Hinton Pulps SDT#2 had the highest mean 

emissions concentration and the highest mass loading of TRS.  Peace River Pulps SDT had the 

lowest emissions concentration and mass loading.  Only the SDTs at Alpac and Peace River Pulp 

are subject to mass loading limits, which are different, but no limit exceedances were observed, 

and their emissions were significantly lower than the respective limits.  The annual mean TRS 

concentrations and mass loadings from the mills SDTs generally follow the same pattern: 

emissions from Alpac and Peace River Pulp have remained the same over the years, however a 

more fluctuating trend is observed at Alpac.  General increases in TRS concentrations and mass 

loadings were observed at Hinton Pulps SDT#2 and SDT#3 between 2008 and 2012.  Statistical 

comparisons showed that emissions from Hinton Pulps SDT# 2 were significantly higher than 

the lowest SDT emissions from Peace River Pulp.  SDT Scrubber Downtime was also analyzed 

and Hinton Pulps SDT#2 Scrubber had the highest monthly mean downtime, followed closely by 

Hinton Pulps SDT#3 Scrubber.  Peace River Pulps SDT Scrubber had the lowest mean downtime 

and it remained very low from 2008 to 2012.  No limit exceedances were observed and the mean 

SDT scrubber downtime was significantly lower than the approval limit at all mills.  It was noted 

that Alpac’s downtime limit is much higher than the other mills, even though its downtime was 

one third that of Hinton Pulp’s SDT#2.  SDT Scrubber downtime for maintenance is expected to 

ensure the systems are functioning well, but the limits are placed on downtime to reduce 
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unscrubbed TRS venting during normal operations and encourage preventative maintenance 

during shutdown periods.  Hinton Pulps mean annual SDT#2 Scrubber downtime fluctuated 

greatly over the years.   A steady increase in Scrubber downtime was observed at Hinton Pulp’s 

SDT#3, and Alpac’s SDT Scrubber downtime increased slightly over the years.  Statistical 

comparisons between mills revealed that the median downtime for all mills was zero, and that 

downtime on Hinton Pulps SDT#2 was significantly higher than downtime on PRP’s SDT.  It 

was noted that the SDT Scrubber downtime seemed to correlate with the emissions data.  Peace 

River Pulp had the lowest mean SDT Scrubber downtime and the lowest mean emissions.  Alpac 

had the second lowest mean SDT scrubber downtime and the second lowest mean SDT 

emissions.  Lastly, Hinton Pulps SDT#3 Scrubber had the third lowest mean downtime and the 

third lowest emissions, and it’s SDT#2 scrubber had the highest mean downtime and TRS 

emissions.  It was also noted that mean concentration of TRS emitted from the SDTs is much 

higher than the Recovery Boiler or the Lime Kiln, but the TRS limit for the SDT is applied to 

mass loading, unlike concentration limits on the RB and LK.  At one time, the RB and LK were 

also subject to mass loading limits, but those limits were dropped when the mills approvals were 

last renewed. 

Venting from the LVHC vent, HVLC vent, and Condensate Stripper Vent were also 

analyzed.  These sources are subject to monthly venting time limits because their TRS emissions 

should be incinerated in combustion units during normal operations.  Monthly mean venting 

from the LVHC vent was highest at Peace River Pulp and lowest at Grande Prairie Pulp.  Peace 

River Pulp also exceeded their venting approval limit a few times over the years, whereas there 

were no exceedances at the other mills.  LVHC venting limits at Alpac and Grande Prairie Pulp 

are higher than the limits at the other mills; however, the mean monthly venting at all mills was 
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significantly lower than the applicable approval limit.  LVHC venting at Hinton Pulp is 

categorized as Unscrubbed venting and subject to limits, and Scrubbed venting, in which the 

emissions are directed to a white liquor scrubber before they are released to the atmosphere and 

are not subject to limits.  Statistical comparison between the mills showed that Hinton Pulps 

Scrubbed venting was significantly higher than the LVHC venting from the other mills, which all 

had comparable venting durations.  Mean annual LVHC venting at all mills remained relatively 

constant over the years, but the venting of scrubbed LVHC gases at Hinton Pulp did fluctuate 

greatly from 2008 to 2012.  With respect to HVLC venting, the venting limits for all mills are 

different.  Peace River Pulp had the highest monthly mean and a couple of limit exceedances 

from 2008 to 2012, although it also has the highest approved venting limit.  Hinton Pulp had the 

second highest mean HVLC venting, as well as the second highest limit.  Alpac had the lowest 

mean HVLC venting and the second lowest approved venting limit, leaving Grande Prairie Pulp 

with the lowest approved venting limit and second lowest mean venting.  Statistical comparisons 

between the mills indicated that HVLC venting from Peace River Pulp was significantly higher 

than the other mills, whose venting times were not significantly different from each other.  The 

mean monthly HVLC venting durations from all mills were significantly lower than the 

applicable approved limit.  HVLC venting at Peace River Pulp dropped from 2008 to 2009 and 

venting from the rest of the mills remained fairly constant over the years.   

Statistical analysis of Condensate Stripper venting revealed that Peace River Pulp had the 

highest mean monthly venting, Grande Prairie had the lowest mean venting, and the condensate 

stripper is not a source of TRS emissions from Alpac.  Peace River Pulp exceeded its approval 

limit once in 2011, and there were no exceedances at Grande Prairie Pulp or Hinton Pulp.  

Grande Prairie has the highest approval limit for HVLC venting, followed by Peace River Pulp 
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and then Hinton Pulp, and the venting from all mills monthly was significantly lower than the 

approval limit.  Statistical comparisons revealed that the venting at PRP was significantly higher 

than venting at Hinton Pulp and GPP, whose venting was not significantly different from each 

other.  Condensate Stripper venting at Grande Prairie Pulp seemed to increase over the years, 

while mean annual venting at GPP and HP remained fairly constant.   

Finally, the TRS contributions from the LVHC, vent, HVLC vent and Condensate 

Stripper vent are not well understood as they are not subject to emissions monitoring and in some 

cases, there is quite a bit of variance in monthly venting durations.  The TRS contributions of 

these sources should be quantified and the reasons for venting should be examined more closely 

in order to limit emissions, as each mill has several options for incinerating the malodorous gases 

instead of releasing them to the atmosphere.  

 Overall, Hinton Pulp mill had the highest mean Smelt Dissolving Tank emissions in 

concentration and mass loading and the highest SDT scrubber downtime.  Peace River Pulp had 

the highest mean Recovery Boiler concentration, and the highest hours of venting from the 

LVHC, HVLC, and Condensate Stripper.  Alpac had the highest mean Lime Kiln TRS 

emissions.  The lowest Recovery Boiler emissions concentrations came from Hinton Pulp and 

Grande Prairie Pulp had the lowest Lime Kiln emissions and the lowest LVHC venting.  Peace 

River Pulp had the lowest SDT concentration and mass loading of TRS emissions, as well as the 

lowest downtime, although technically speaking Grande Prairie Pulp had the lowest results as it 

does not have a Smelt Dissolving Tank at all.  Grande Prairie Pulp also had the lowest 

Condensate stripper venting, but technically speaking, Alpac’s venting is lower because it does 

not vent from this source at all.  Finally, Alpac had the lowest HVLC venting of all the mills.  

The mean emissions from all sources analyzed at every mill were significantly lower than their 
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respective approval limit.  This indicates that the approval limits are not an impetus for 

continuous improvement and could be aligned and tightened to level the playing field between 

mills and drive improvement in environmental performance without posing unnecessary 

financial burden on the mills.     

ESRD regulates pollutant releases at its regulated facilities by placing emissions limits on 

individual emission sources, but does not limit the total loading of TRS to the environment.  The 

overall TRS contribution from each mill was determined by using the National Pollutant Release 

Inventory Data collected by the mills and reported to Environment Canada each year.  This data 

is reported in Table 25 and Figure 11.  Notably, the mill that contributed the most TRS to the 

environment cumulatively over the five year period was Hinton Pulp.  Actually, Hinton Pulp 

emitted more TRS than all the other mills combined and it is unclear as to why there is such a 

variation in total emissions.  The NPRI data in Table 26 and Figure 12 shows that Peace River 

Pulp had the second highest TRS loading, followed by Grande Prairie and then Alpac.  Neither 

Hinton Pulp nor Alpac included TRS releases to water in their inventory, whereas the other mills 

did.  Furthermore, Environment Canada does provide some guidance on emissions calculation 

methodology, although it is unclear which emission sources were taken into account and how the 

inventories were developed.  
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Table 25 

National Pollutant Release Inventory, tonnes of TRS 

 

Note: NR= Not reported. Source: https://www.ec.gc.ca/inrp-npri/ 

 

Figure 11. National Pollutant Release Inventory, tonnes of TRS 

 

 

TRS Alpac Peace River Pulp Grande Prairie Pulp Hinton Pulp

To Air 27 24 34 25

To Water NR NR 0.11 NR

Total 27 24 35 25

To Air 24 27 39 189

To Water 0 35 0.178 NR

Total 24 62 39 189

To Air 24 18 41 187

To Water NR 35 0.192 NR

Total 24 53 41 187

To Air 20 52 43 178

To Water NR 15 4 NR

Total 20 67 47 178

To Air 32 59 43 196

To Water NR 9.8 7.6 NR

Total 32 68 50 196

2008

2009

2010

2011

2012
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Dispersion Modelling 

The purpose of dispersion modeling is to project the ambient ground level concentrations 

that will result from point source emissions and compare the results to Alberta’s AAQOs.  ESRD 

sets out guidance documents on selecting an appropriate model, inputting data to the model, and 

interpreting and acting on model results.   

Hinton Pulp conducted dispersion modeling in 2006 as part of its approval renewal 

application and then again in 2012 to investigate sources of elevated ambient TRS concentrations 

at the Hinton monitoring station.  The first model took into account all of the continuous 

emission sources identified in Table 1, excepting emissions from the condensate seal pots, 

industrial wastewater system,White Liquor oxidizer stack, LVHC vent, HVLC vent, IVIC vent, 

Chip Bin, and the Condensate Strippers.  The AERMOD model projected that H2S emissions 

would not cause exceedances during normal operating conditions, but it did project that H2S 

concentrations would exceed both the hourly and daily H2S AAQO close to the facility in less 

than 0.5% of the study area during maximum licensed conditions.  The authors of the report 

added that the model over- predicted; therefore, it was reasonable to conclude that ambient air 

quality would remain acceptable.  However, dispersion modeling was conducted again in 2012 to 

help understand which sources were contributing to the high TRS concentrations observed at the 

Hinton monitoring station and numerous public complaints.  The same sources from the previous 

model were input, but this time they also included emissions data collected from around the 

wastewater treatment system.  A CALPUFF/CALMET model was applied and it predicted that: 

• The three highest hourly ambient TRS concentrations would be from the wastewater 

effluent pond (570 ppb), the brownstock stack (4.23 ppb) and the SDT#2 (3.8 ppb).   
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• The highest single source of ambient TRS emissions was the wastewater treatment 

pond and high TRS events (hourly averages over 5 ppb) would occur 39.3% to 56.3% 

of the time. 

The maximum hourly concentrations were predicted to occur just NE of the plant boundary 

adjacent to a light industrial park, and not at the location of the Hinton Station.  

Grande Prairie Pulp conducted dispersion modeling in 2006 as part of its approval 

renewal application.  The AERMOD-PRIME model accounted for TRS and H2S from the 

continuous sources of emissions in Table 1, with the exception of the Bleach plant.  The model 

also included emissions from the lime mud washer vent and storage tank vent, Green Liquor 

clarifier vent, and the Orange Liquor storage tank, which are not identified as emission sources 

in the mills approval.  None of the intermediate TRS emission sources were accounted for in the 

model.  At maximum licensed emissions conditions, the highest 1 h TRS concentration was 

predicted to be 44 ug/m3, 6.4 % of the time along the SE edge of the property, which exceeds 

Alberta’s H2S AAQO and Ontario’s 1h TRS air quality criteria of 40 ug/m3.  The highest H2S 

concentrations was predicted to be 32 ug/m3 over 1 h 0.4% of the time and 11 ug/m3 over 24 h 

1.4% of the time at the SE edge of the property, which exceeds Alberta AAQO of 14 ug/m3 over 

1h and 4 ug/m3 over 24h.  The model study area was expanded in light of these results and both 

TRS and H2S maximum concentrations were predicted to less than 10% of the standards.  The 

model was also used to determine that the waste effluent treatment system was contributing 

92.1% to 99.97% of the maximum predicted ambient concentrations.  The author noted that TRS 

and H2S emissions from the wastewater treatment plant were estimated using emission factors, 

which do not account for the considerable variation across the pond due to pH, aeration, 

biological activity, or changes in effluent composition.  Furthermore, he added that the efficient 
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nature of GPP’s NCG collection system, condensate stripping, and incineration systems provided 

additional assurance that the estimates were extremely conservative and were not likely to 

represent actual conditions.  

Peace River Pulp performed air dispersion modeling in 2007 in support of its approval 

renewal application.  The AERMOD model projected the maximum ambient air concentrations 

from all of the continuous emission sources identified in Table 1, except for estimated emissions 

from the wastewater treatment pond, and none of the intermittent TRS sources were incorporated 

into the model either.  The model projected maximum TRS concentrations to be 20.8 ug/m3 over 

1 h and 4.7 ug/m3 over 24 h along the eastern edge of the property at maximum licensed 

emission limits, which exceeds Alberta’s H2S AAQO.  In the town of Peace River, maximum 

TRS concentrations were predicted to be 1.0 ug/m3 over 1h and 0.1 ug/m3 over 24h.  The author 

noted it was reasonable to conclude that ambient air quality would remain acceptable because the 

model predictions were conservative and ambient exceedances would only occur during strong 

inversion conditions and unexpected mill emissions.   

Alpac’s latest dispersion modelling was done in 2005 using ISC PRIME model for its 

approval renewal application.  The emissions from the continuous sources identified Table 1 

were included in the model, with the exception of the industrial wastewater pond, as well as the 

intermittent sources of TRS. The model projected highest hourly ground level H2S concentration 

to be 5 ug/m3 and the highest daily concentration to be 1.2 ug/m3, which are both below 

Alberta’s AAQO for H2S.   

Overall, the models used between the mills varied, as did the source information input 

into the model, and the scenarios, and pollutant parameters.  Alberta’s Air Quality Model 

Guideline, 2009, states that no matter the model selected, the user should be able to justify their 
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choice.  The Guideline did not provide much clarity on the sources to be included in the 

dispersion model, the parameters that should be modeled, or the AAQOs that should be used for 

comparison, which resulted in inconsistencies between the mills.  Both Alpac and Peace River 

Pulp modeled the emissions from all of their continuous emission sources identified in Table 1, 

but they did not include emissions from the wastewater treatment plant.  Hinton Pulps approval 

application model included all of the continuous emission sources, excluding the condensate seal 

pots vents and the wastewater treatment plant, but they added emissions from the wastewater 

treatment system in subsequent dispersion modeling to identify the causes of ambient air quality 

concerns in recent years.  Grand Prairie Pulp modeled the emissions from all continuous sources 

except the Bleach Plant, and they included wastewater treatment system emissions.  

Furthermore, none of the mills included intermittent TRS emission sources, background sources 

of TRS emissions were not identified at any of the mills, and the parameters modeled were 

inconsistent too.  Hinton Pulps first model projected H2S concentrations, and the more recent 

model predicted ground level TRS.  Grande Prairie Pulps model projected both H2S and TRS 

ground level concentrations, PRP modelled TRS concentrations, and Alpac modelled H2S 

concentrations.  This was unclear how H2S emissions were determined for the model when TRS 

is the parameter monitored at each source, not H2S.  No matter which parameter was modelled, 

the mills compared the results to Alberta’s AAQO for H2S, and Grande Prairie Pulp also 

compared their TRS emissions to Ontario’s AAQO for TRS.  All of the models projected 

maximum hourly and daily ground level concentrations would exceed AAQOs, except for 

Alpac’s model.  Alberta’s guidance document states that if the highest hourly average modelled 

in accordance with the guideline exceeds the AAQO, the applicant must review facility design 

and make changes and improvements, unless all of the following criteria are met: 
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• the scenarios were realistic worst cases, 

• the stack design and pollution control equipment are acceptable, 

• predicted exceedances occur during upset conditions and during pollution control 

technology downtime, 

• frequency of exceedances occur less than 1% of the time,  

• In addition, the highest value determined is less than 1.5 times the AAQO.     

The guideline also states that the daily average concentration must not exceed the AAQO 

when predicted in accordance with the guideline.  If it does, the facility must review its design 

and develop a management plan, unless they can show that historical ambient air quality 

monitoring shows that the model over-predicted.  The dispersion modeling results submitted in 

the approval renewals were accepted without additional modeling or evaluations required of the 

mills, despite all mills projecting exceedances except for Alpac.  Therefore, it is assumed that the 

application reviewer was satisfied the mills had met the guideline criteria, or they could show 

that historical ambient monitoring demonstrated acceptable air quality.  ESRDs guidance 

document states that regardless of the modeling results, ambient air monitoring must not show 

exceedances of an ambient air quality objective.   

Ambient Air Monitoring 

Monitoring stations are used in a risk-based approach to evaluate air quality and ensure 

AAQOs are not exceeded.  The mills monitor ambient TRS but Alberta only has an AAQO for 

H2S, so although it may not be an entirely appropriate performance measure for evaluating 

ambient monitoring results and making decisions about management action plans, it is the closest 

standard to which performance can be gauged.  TRS ambient air monitoring data from seven 
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stations around the four mills was statistically evaluated to determine how closely the values 

approached the H2S AAQO, whether ambient TRS concentrations were different between the 

mills, and whether there were any perceived changes in ambient conditions over time.   The 

Hinton Station recorded the highest mean concentration of 1.16 ppb from 2008 to 2013, nearly 

double the value of the second highest ambient mean concentration, which was measured at 

Alpac’s Station #1.  The lowest mean TRS concentration was observed at Grande Prairie Pulps 

Henry Pirker Station.  The mean concentrations at Alpac’s Station #1 and Station #2 seem to 

lower slightly over the years, and the same could be said for GPP’s Evergreen station and Henry 

Pirker station.  Alternatively, Peace River Pulp Townsite and Millsite stations observe 

concentrations that seem to rise slightly over the years, and there is a noticeable increase in the 

annual ambient mean at the Hinton station from between 2009 and 2010, after which the mean 

remains elevated.  Statistical comparisons of both hourly and daily TRS concentrations between 

stations yielded some variation in results, but did indicate that all concentrations were 

significantly different from each other.  Hinton and Alpac’s Station #1had the highest hourly and 

daily concentrations and GPP’s Henry Pirker station had significantly lower hourly and daily 

TRS concentrations than the other stations.  The mean TRS ambient concentrations at each 

station were significantly lower than Alberta’s AAQO for H2S although hourly and daily 

ambient exceedances of the AAQO were observed.  The highest number of both daily and hourly 

AAQO exceedances was observed at the Hinton station and greatly surpassed the number of 

exceedances observed at the other stations.  The second highest number of daily and hourly 

exceedances was observed at the Peace River Pulp Millsite Station, but occurred far less 

frequently than in Hinton.  Alpac’s Station #2 trailed behind with the third greatest number of 

daily and hourly exceedances.  Only a few hourly exceedances were observed at Alpac’s Station 
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#1, and there were zero exceedances of the AAQO at Peace River Pulps Townsite station, or 

Grande Prairie Pulps Evergreen or Henry Pirker Station.  Despite the inclusion of different TRS 

sources in dispersion modelling, all of the mills models, expect for Alpac, predicted that 

maximum ground level concentrations would exceed AAQOs.  As the approval renewal 

applications were authorized and no additional monitoring or evaluation on the part of the mills 

was prompted, it is assumed that the applicant was able to demonstrate that the results were over-

predicted and the approval was authorized.  However, ambient air monitoring between 2008 and 

2012 indicates that ambient air quality was impacted, in particular at the Hinton Station.  

Additional dispersion modeling by Hinton Pulp was prompted in 2012 in response to the 

growing number of AAQO exceedances.  The results of this modeling confirmed that the 

wastewater treatment plant was contributing the most to elevated TRS concentrations at the 

Hinton Station and the maximum ground level concentrations were projected at a location just 

north east of the mills plant boundary, adjacent to a light industrial park.  The recent dispersion 

modelling would indicate that additional monitoring is required to confirm the modelling results 

at the location of projected maximum TRS concentrations.  The number of additional sites and 

monitoring durations needed to address the specific circumstances depends on several factors as 

outlined in the ESRD document Using Ambient Air Quality Objectives in Industrial Dispersion 

Modelling and Individual Site Monitoring, 2013 and the Air Monitoring Directive, 1989 as 

amended.  ESRD states that additional monitoring should not demonstrate AAQO exceedances, 

but if site specific concerns remain at the end of the required monitoring period, the ambient 

stations must remain in place.  The guidance does not provide any direction on how to proceed if 

and when ambient exceedances are observed, but it is expected that the facility would be 

required to develop a management plan to address ambient air quality impacts. 
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Regulatory Integrity 

Regulatory integrity can be demonstrated by the system’s ability to prevent 

environmental impacts and respond appropriately to risks of environmental impacts.  The 

regulatory licensing process begins with the submission of an application to ESRD for approval 

to operate.  The mills renewal applications submitted just prior to, or during the time period of 

this study, included new dispersion modelling results.  Between the mills, the models varied in 

type, the emission sources included, and the parameters modelled.  All the models, except that of 

Alpac, predicted hourly and daily exceedances of Alberta’s AAQO, regardless of the obvious 

exclusion of numerous intermittent point sources of TRS and emissions from the wastewater 

treatment system in some models, which represents a significant source of offsite emissions.  

Some mills modelled TRS emissions and some mills modelled H2S emissions, but all modelers 

stressed that the results were conservative, worst-case scenario predictions and that ambient air 

quality was unlikely to be affected.  Approvals were issued without further modelling or 

evaluation required.  The common sources of TRS emissions between the mills and subject to 

regular monitoring and/or emissions limits were statistically analyzed from 2008 to 2013.  The 

means of all of the emission sources were found to be significantly lower than their applicable 

emissions limit, although a few approval exceedances were observed.  This provides evidence 

that the regulatory limits are not serving as s strong motivator to reduce emissions and 

exceedances are likely due to upset conditions.  Despite conservative dispersion modelling 

projections, assurances that ambient air quality would remain acceptable, and mean emissions 

significantly lower than approved limits, ambient exceedances of the hourly and daily AAQO 

H2S were observed in the TRS monitoring data, most frequently at the Hinton station.  Alberta’s 
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Ambient Air Quality Objectives state that the objectives should not be exceeded and it is 

common practice to apply the H2S objective to TRS data in lieu of a TRS specific AAQO.  

However, ESRD also has reservations about using TRS a surrogate for H2S because H2S is only 

one constituent in a family of TRS compounds.  It is currently the responsibility of the approval 

holder to collect, review, summarize monitoring data as per their approvals, and immediately 

report any exceedances of AAQOs on a daily basis. Although the mills are following this 

practice for TRS data that exceeds the H2S objective, there is nothing compelling them to do so, 

other than the generally accepted provincial practice. Despite ESRDs hesitation for using TRS as 

a surrogate for H2S, they display the following message on their real time air monitoring network 

as part of the Air Quality Health Index when TRS monitoring values exceed the H2S AAQO of 

10 ppb and H2S monitoring data is not available: “While you may detect an odour or change in 

visibility or clarity, enjoy your outdoor activities unless you experience symptoms”.  ESRD 

currently has no plans to develop an AAQO for TRS because it is a mixture of substances and a 

particular human health or ecological endpoint must be known in order to establish an objective.  

In cases where the AAQO is based on odour, ESRD considers the AAQO to be protective of 

human health because the odour threshold is considered lower than the level at which H2S causes 

acute human health impacts.  However, the level of human health protection established by the 

guideline for long- term exposures to low level concentrations is not known.  The literature 

reviewed regarding health effects indicated that relatively low daily levels of TRS can cause 

exposure related short-term adverse effects. As such, it would be prudent to monitor H2S in 

addition to TRS, and establish an AAQO that is more effective.   

ESRD policy staff indicated that measuring ambient concentrations is not solely done to 

compare values to some threshold. However, when air quality does become a concern, it is 
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helpful to have scientifically defensible standards that can be used to leverage changes in air 

quality management when facilities are operating in-compliance with their approvals.  It is not 

known why ESRD does not require H2S ambient monitoring in addition to TRS monitoring to 

validate air quality against an established AAQO.  This would assist in evaluating the potential 

for adverse effects and effecting changes to reduce emissions from polluters if impacts do arise.  

However, it still wouldn’t make ESRDs role of protecting the environment and ensuring 

adherence to regulatory standards any easier.  Environmental objectives by themselves are not 

enforceable, so the absence of an AAQO for TRS has little bearing on enforceability.  

Exceedances of AAQOs are regarded more as an indicator of a problem that requires further 

investigation and exceedances of the AAQOs in Hinton were becoming a problem, although this 

was not the case with the other mills.  ESRDs compliance assurance principles are based on 

education, prevention, and enforcement.  Inspections were conducted at Hinton Pulp, but non-

compliances were not identified so compliance staff emphasized the department’s unfavorable 

position towards ambient air quality exceedances and impacts in the community and requested 

that the mill develop a strategy for identifying and addressing the sources of the odours.  In 

response, Hinton Pulp developed an Odour Control Task Force in 2011 and conducted additional 

dispersion modeling in 2012 using emissions data collected from the wastewater treatment 

system, which was confirmed to be the primary contributor to elevated ambient TRS in the 

community.  The mill committed to following through with certain measures that would help 

reduce odours and no enforcement action was carried out.  If enforcement action had been 

carried out, an Environmental Protection Order re: Odor would have been the most applicable 

tool to use.  However enforcement often involves lengthy proceedings, so working with 

stakeholders to resolve social and environmental issues can be a more efficient use of time and 
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can achieve the same results as enforcement action, but only when the stakeholder is fully 

committed to resolving the issue.    

Corporate Environmental Management 

Arguably, corporate entities have an ethical responsibility to minimize their negative 

impacts on the communities in which they operate.  Several factors representing an organizations 

commitment to environmental performance were explored in this research, including: 

environmental policies, Environmental Management Systems, Best Management Practices, Best 

Available Techniques, and Corporate Sustainability Reporting practices.   

Environmental policies lay for the foundational for a company’s approach and 

commitment to environmental management. The ISO 14001 criterion for environmental policies 

is widely recognized and was used as the standard for comparison to the mills policies.  All of 

the environmental policies provided by employees during the interviews were the same policies 

as those posted on their corporate websites, with the exception of Hinton Pulp, that has adopted 

an environmental policy slightly different from that of its corporate entity.  The environmental 

policies of the mills adhere more or less to the ISO 14001 criteria, with some variation in detail 

between them.  Grande Prairie Pulps policy was the only one endorsed by top-level management 

on the policy itself.  The policies published by Alpac and Peace River Pulp failed to include a 

commitment to regular reporting on goals and progress.  An EMS outlines the framework for 

managing environmental efforts in alignment with business goals to improve environmental 

performance, enhance compliance, increase efficiency and reduce operating costs.  The EMS of 

each mill is ISO 14001 certified, with the exception of Grande Prairie Pulp.  GPP’s EMS is 

modelled after the ISO 14001 framework but they have not sought certification because they do 

not see the value in it.  It is interesting to note that despite ISO 14001 certification, Grande 
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Prairie Pulp had the lowest emissions for several point sources and the best environmental 

performance, as indicated by low ambient TRS concentrations.  This suggests that ISO 

certification is not necessarily the driver of good environmental performance, but rather a well-

structured EMS and a strong commitment to environmental stewardship by the leadership team. 

 Environmental policies and EMSs are very useful tools that lay a foundation for good 

environmental performance and compliance, but the Best Management Practices (BMPs) and 

Best Available Techniques (BAT) employed by the mills are important details that greatly 

influence a facilities environmental performance.  Mill employees were questioned about how 

monitoring practices, how fugitive emissions are managed, how environmental information is 

communicated, and whether continuous improvement plans were developed.     

All of the mills take the same approach to reviewing monitoring data:  

• Operators monitor real time monitoring results and emission projections with a 

Distributed Control System (DCS) and make adjustments to the process 

accordingly to optimize performance and minimize impacts. 

• Ambient air quality is reviewed daily and public odour complaints are used to 

troubleshoot issues. 

• Trends are evaluated when monthly and annual reports are compiled for 

regulatory reporting.  

Although venting episodes and scrubber downtimes are monitored by each mill, the 

monitoring methods are not specified and therefore open to interpretation.  Mills differ in their 

approaches to define exactly when the venting or downtime clock starts counting, which makes 

direct comparisons between mills difficult.   With respect to assuring quality assurance and 

quality control in the TRS data gathered, all of the mills follow the requirements of the Alberta’s 
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CEMS Code and Air Monitoring Directive.  The mills ensure they perform regular inspections, 

preventative maintenance, and calibration of the equipment, including Relatively Accuracy Test 

Audits, Cylinder Gas Audits, and system audits, although even some of the regulatory 

requirements of these measures can be rather vague.  In addition, the methods for controlling 

fugitive emissions to prevent adverse effects are different at each mill because the regulatory 

expectation is vague.  At all of the mills, regular review of point source, ambient, and 

occupational health and safety monitoring data, as well as plant site inspections by operators, are 

helpful in identifying issues.  Furthermore, Alpac ensures its emergency spill pond is maintained 

so it has capacity to retain spills.  At Hinton Pulp, the Odour Control Task Force was initiated in 

2011 to take action to reduce odours, which mainly focused on regulating pH in the wastewater 

treatment system to reduce H2S formation and using a portable H2S Jerome monitor for 

identifying fugitive emissions.  In response to the additional dispersion modelling performed in 

2012, several other improvements were implemented in the years that followed, including 

installing a hydrogen peroxide injection system to the sealed sewer, controlling levels in the 

SDT, rebuilding the #2 Power Boiler as an incineration point for HVLCs, and evaluating other 

options for incinerating NCGs.  Peace River Pulp has installed additional alarms on fugitive 

emission sources and they use a unique TRS/SO2 emissions fingerprinting tracking approach to 

identify and manage sources of TRS.  Unique to Grande Prairie Pulp is orange liquor scrubbers 

on TRS vent stacks, which remove sulphur form the effluent streams quite effectively.  Most of 

the significant efforts to control fugitive emissions were taken by the mills before the timeframe 

of interest in this study.   

Best Management Practices related to communication and continuous improvements 

were explored. All of the mill employees stated that they hold daily meetings to discuss mill 
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operations, maintenance, and environmental performance and that communication on 

environmental matters is an ongoing process. Peace River Pulp and Grande Prairie Pulp mill 

employees also stated that annual training is done and more regularly as needed.  The mills also 

communicate with each other through industry associations like AFPA, of which Grande Prairie 

Pulp and Hinton Pulp are members.  Peace River Pulp and Grande Prairie Pulp are members of 

NCASI and Hinton Pulp and Alpac have collaborated with FP Innovations.  All of the mills are 

standing members of FPAC and PAPTAC and used to participate in the Pulp and Paper 

Technical Working Group led by ESRD, which employees mentioned they found to be valuable 

and would join again if reformed.  Finally, despite no regulatory requirement to develop a 

Continuous Improvement Plan, all of the mills generate a strategic plan that sets goals for 

continuous improvement.   

ESRD encourages the adoption of Best Available Technology Economically Achievable, 

but the specific technology to be employed is not well defined.  On the other hand, the European 

Union requires the adoption of Best Available Techniques (BAT), which are very well defined 

sector specific practices described in what are referred to as BREF documents.  BATs for odour 

control were identified in this study as a standard for comparison to Alberta’s Kraft mill 

practices.  While a high level of environmental performance can be achieved by employing 

BATs, it should be noted that the adoption of the greatest number of BATs may not necessarily 

achieve the greatest odour control.  Several considerations must be made when employing 

different combinations of BATs to achieve the greatest results.  All of the mills follow the BAT 

of collecting almost all spillages and monitoring their sewers for pH and electrical conductivity 

for spill detections.  All of the mills, except for Hinton Pulp, have adopted the BAT of 

maintaining capacity for large volumes of concentrated discharge streams, like a spill pond, such 
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that discharges can be directed to a storage area, treated, and introduced slowly and safely into 

the wastewater treatment system so as not to cause upsets.  All of the mills follow the BAT of 

treating contaminated condensates in a stripper and reusing the wastewater, but they do so to 

differing degrees. At Alpac, Grande Prairie Pulp, and Peace River Pulp, all contaminated 

condensates are stripped of non-condensable gases and the wastewater is reused elsewhere in the 

process.  At Hinton Pulp, only a portion of the condensates is stripped and the wastewater 

reused.  The rest of the contaminated condensates are reused in the process or sent directly to the 

sewer and into the wastewater treatment system.  This is significant because the last dispersion 

modelling confirmed that the wastewater system was the primary contributor to elevated ambient 

TRS concentrations.  All of the mills have aerated lagoon systems for their wastewater treatment, 

except for Alpac, which has a more sophisticated activated sludge system.  All of the mills 

practice the BAT of incinerating HVLCs in the Recovery Boiler, except for Hinton Pulp, whose 

HVLC gases are directed to the Power Boiler.  None of the mills follow the BAT of incinerating 

HVLC and LVHC gases in the Lime Kiln.  Furthermore, none of them follow the BAT of 

incinerating HVLC and LVHC gases in a separate furnace with an SO2 scrubber.  Hinton Pulp 

incinerates both HVLCs and LVHCs in their Power Boiler, and Alpac and Peace River Pulp 

incinerate LVHCs in their Power Boiler, but these furnaces are not equipped with SO2 scrubbers.  

Grande Prairie Pulp prefers to incinerate its HVLC and LVHC gases in the Recovery Boiler.  All 

of the mills practice improved lime mud washing to reduce the formation of H2S in the Lime 

Kiln.  Overall, the mills are employing similar BATs, but Hinton Pulps practices differed from 

the three other mills with respect to having the storage capacity to collect spillages before they 

reach to sewer treatment system, and regarding incinerating HVLCs in the Recovery Boiler.  
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According to the EU, the TRS emissions from the processes associated with a 

combination of the BATs described in the BREF document achieve 0.1-0.2 kg TRS per Air 

Dried Tonne (ADt) of pulp, as an annual average.  For comparisons sake, the mills average pulp 

production disclosed in the approval application was used to calculate the TRS emissions that 

could be achieved by employing a combination of BATs.  Hinton Pulp average annual 

production is 380,000 ADT therefore the corresponding emissions when using BATs could be 38 

to 76 tonnes of TRS per year and the mills NPRI reported emissions ranged from 25 to 196 from 

2008 to 2013.  Alpac’s annual average production is 650,000 ADt therefore its BAT emissions 

could be 65 to 130 tonnes per year, which is actually much higher than the emissions reported to 

the NPRI, which ranged from 20 to 32 tonnes from 2008 to 2013.  Peace River Pulp has an 

average annual production of 448,000 ADt therefore its emissions with the use of BATs is 

estimated to be 44.8 to 89.6 tonnes of TRS; slightly higher than the emissions reported to NPRI, 

which ranged from 24 to 59 tonnes between 2008 and 2013.  Grande Prairie Pulps average 

annual pulp production is 360,000 ADt per year therefore the TRS emissions that could be 

achieved using BATs is 36 to 72 tonnes, which is on par with the 34 to 43 tonnes of emissions it 

reported to the NPRI.  All of the mills TRS emissions in the NPRI were within the upper interval 

of predicted TRS emissions achieved using BATs, with one exception.  Hinton Pulps annual 

reported TRS emissions to air reached 196 tonnes, more than double the upper BAT predicted 

range of emissions.  This provides some indication that the implementation of the BATs in Table 

13 that are not currently in place at Hinton Pulp could greatly lower overall TRS emissions to the 

environment.     

Corporate Sustainability Reporting is a voluntary process in which an organization 

evaluates and reports on its global economic, social, and environmental impacts.  The goal of 
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CSR is to improve the sustainability of corporations and contribute to global sustainable 

development.  The content, detail and credibility of CSRs can vary greatly and there is no 

internationally adopted standard, but the Global Reporting Initiative is a widely accepted 

framework and is the standard to which the CSRs of Alberta’s Kraft pulp mills is compared in 

this study.  The GRI defines report content based on the principles of materiality, stakeholder 

inclusiveness, sustainability, context, and completeness.  GRI report quality is based on the 

principles of balance, comparability, accuracy, timeliness, clarity, and reliability.  It also 

identifies numerous economic, social, and environmental indicators of performance for 

comparison.   

With respect to the reporting practices of Alberta’s Kraft Pulp mills, DMI, the owner of 

Peace River Pulp, does not currently publish a CSR, West Fraser, owner of Hinton Pulp, and 

Alpac do publish CSR on their websites, and Weyerhaeuser, owner of Grande Prairie Pulp, is the 

only company that reports to the GRI and publishes the CSR on their website.  DMI is a 

privately owned, integrated forest products company that undertakes several forms of reporting, 

but does not publish a CSR because they don’t feel the need for such a public report.  West 

Fraser is public traded integrated North American forest products company that publishes an 

annual Sustainability Report on its website.  The most recent report available, the 2012 annual 

report, covered a variety of topics but was found to be fairly vague and brief overall, considering 

the scope of West Frasers operations.  The information was not presented in a comparable or 

well-balanced manner, it did not include progress on specific sustainability targets or objectives, 

and it was not externally reviewed to confirm its accuracy or reliability.  Al-Pac is a privately 

owned company that operates one mill in Alberta, Canada’s newest and North America’s largest 

single-line bleached Kraft mill.  The company’s most recent published report covers a 2007-2009 
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reporting period, so it can’t really be considered timely.  It touches on a variety of initiatives and 

sets clear goals for each aspect.  Many indicator parameters are identified and monitored 

regularly, but some are not defined qualitatively.  Alpac’s goals, strategies, objectives, progress, 

and next steps are clearly described but it is not reviewed externally to confirm accuracy or 

reliability.  Weyerhaeuser, owner and operator of Grande Prairie Pulp, is one of the largest forest 

product companies in the world with operations in the United States, Canada and Uruguay.  

Weyerhaeuser has developed a “Vision 2020 Sustainability Roadmap” and every year they 

generate a comprehensive Sustainability Report to publish on their website and submit to the 

GRI.  Weyerhaeuser’s report covers various topics relevant to customers, investors, employees, 

and communities.  In their 2014 Sustainability Report, Weyerhaeuser reported on four economic 

indices, eleven social indices, and twenty nine environmental performance indices.  They also 

made societal disclosures related to anti-corruption, public policy, anti-competitive behavior, 

compliance, and grievance mechanisms for impacts to the community.  Although it was not 

externally verified, Weyerhaeuser’s CSR is by far the most detailed, credible, balanced, and 

timely report compared to those compiled by Alpac and West Fraser.          

Social license to operate 

Social pressure can motivate companies to improve or maintain a high level of 

environmental performance, but only when a company is receptive to their social license to 

operate.  The social impacts of TRS emissions were evaluated by exploring the number of 

AAQO exceedances, the proximity of mills to residents, and the number of public complaints of 

odour reported to the mills and to ESRD.  The number of times ambient TRS monitoring data 

exceeded Alberta’s AAQO for H2S was determined.  The number of hourly and daily TRS 

exceedances of the AAQO observed at the Hinton station was markedly higher than those 
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observed at the other ambient stations.  Over the five year period between 2008 and 2012, there 

were 474 hourly TRS concentrations of 10 ppb or higher and the number of annual exceedances 

increased steadily over the years, from only 4 in 2008 to 182 in 2012.  The next highest number 

of hourly exceedances over the same five-year period were observed at Peace River Pulps 

Millsite Station, with 32 events, followed by 13 hourly exceedances at Alpac’s Station 2, and 6 

hourly exceedances at Alpac’s Station 1.  There were no ambient exceedances observed at either 

of Grande Prairie Pulps two stations, or at Peace River Pulps Townsite station.  The daily 

exceedances observed were similar to the hourly data.  The number of daily TRS values that 

exceeded the AAQO from 2008 to 2013 was 118 at the Hinton station, followed by 9 daily 

exceedances at Peace River Pulp’s Millsite station, and 3 daily exceedances at Alpac’s Station 2.  

No daily exceedances were observed at Alpac’s Station 1, Peace River Pulps Townsite station, or 

either of Grande Prairie Pulps two stations.  The public complaints reported to each mill and 

ESRD aligned somewhat with the hourly and daily ambient exceedances observed; however the 

data is not fairly represented as only Peace River Pulp is required to report their public 

complaints and Grande Prairie Pulp disclosed the information voluntarily in their reports to 

ESRD.  Hinton Pulp and Alpac's public complaint information could only be obtained from 

ESRDs Incident Tracking system; therefore, the numbers may be underrepresented.  

Nevertheless, between 2008 and 2013, the highest number of public complaints was associated 

with Hinton Pulp at 48 complaints, followed by Peace River Pulp with 39 complaints, Grande 

Prairie Pulp with 3 complaints, and Alpac with zero public complaints.   

Hinton Pulp is the only mill located directly in a valley within a municipality and is 

surrounded by light industrial, commercial, recreational, and residential land use areas. It is 

expected that if the number of complaints received directly by the mills was reported to ESRD 
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consistently by the mills in their monthly report, the number of public complaints regarding 

Hinton Pulp would be much higher as ambient monitoring data indicates that Hinton Pulp 

impacts air quality is more than the other mills.  All of the other mills are located in rural areas, 

and Peace River Pulp and Grande Prairie Pulp are also located in valleys subject to inversion 

conditions, but ambient air quality data shows that the offsite impacts of their TRS emissions are 

much lower than those of Hinton Pulp.  The Hinton Community Sustainability Plan was adopted 

in May 2011 by the Hinton Town Council.  Its creation was facilitated by the Citizens Advisory 

Group and hundreds of people, from youth to seniors, resource workers to tourism operators, and 

homeowners and renters from Hinton and neighbouring communities who contributed and 

participated in the plans creation through interviews and surveys.  The public concern regarding 

periodic issues created by the odours and noise from Hinton Pulp is specifically mentioned in the 

Reduce industrial impacts objective under Theme 5 of the plan: Natural and Built Environments.  

The overall vision of the Community Sustainability Plan (CSP) includes a more balanced 

community that supports innovative economic development to sustain ecological, human, 

economic, and social resources.  The plan encourages local groups, citizens, businesses, and 

visitors to work together collaboratively to support quality of life (Mahaffy & Agnew, 2011).  

Relevance of Results to Literature and Alberta’s CEMS 

 The literature reviewed provided insight into the relevance and significance of the 

research results with respect to the health effects of chronic exposure to low levels of TRS, the 

influence of the regulatory, corporate EMS and social license factors on environmental 

performance, Alberta’s AQMS, leading regulatory approaches around the world, and the 

economics and competitiveness of good environmental performance.   



FACTORS INFLUENCING ENVIRONMENTAL PERFORMANCE 157 
 

 

 Although there is not an abundance of information on the topic, the health effects of 

chronic low level exposure to TRS may have been underestimated.  Research suggests that 

relatively low daily levels of TRS (<10 ug/m3 or < 7ppb) cause exposure related short-term 

adverse effects (Martilla et al., 1995).  Partti-Pellinen et al., (1996) found that residents of a pulp 

mill community exposed to an annual average of 1.4 ppb -2.1 ppb TRS (2 ug/m3 - 3 ug/m3)  

reported more coughs, respiratory infections and headache during the previous month and year 

than did those of the reference community.  Legator et al., (2001) and Partti-Pellinen et al., 

(1996) found that people reported a variety of health symptoms associated with chronic exposure 

to low levels of H2S.  The ambient conditions in these studies are similar to those observed in 

Hinton, and public odour complaints to ESRD have included a variety of health effects, 

including eye and respiratory problems, anxiety, and sleeplessness. 

  In their exploration of the factors that influence environmental performance, Thornton et 

al. (2003) found that most large improvements in environmental performance on a whole were 

linked to the tightening of regulatory requirements, but what separated the top performers from 

other players the most was corporate environmental management.  They found that large 

variances in environmental performance still exist within the sector and in some cases poorer 

performers emit many more times more pollution than top performers.  The results of my 

research are very similar to these findings.  Statistical comparisons identified significant 

differences in point source emissions between mills in no discernible pattern.  NPRI data 

suggests that Hinton Pulp emits more TRS than all the other mills combined, and the mean 

ambient TRS concentrations measured at Hinton station are almost double the next highest 

ambient concentration observed, making them significantly higher than other stations.  The 

corporate EM approach taken by Hinton Pulps owners towards their environmental policy, EMS, 
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adoption of BATs and sustainability reporting had the most room for improvement compared to 

the other mills.  

Thornton et al. (2003) also suggest that government policies be specifically designed to 

encourage forward-looking corporate environment management.  Thornton et al. (2003) 

concluded that further gains in environmental performance would require innovation that will 

only be brought about through partnership between industry and regulators.  The authors suggest 

that regulators identify leaders, ways of rewarding them for compliance and environmental 

commitment, and work with them to determine what innovations are feasible and may become 

the basis of future regulation.  In the Alberta context, this could be achieved through the 

reformation of the Pulp and Paper Technical Working group.  Mill environmental managers 

agreed was useful when it existed and its mandate would be to spur innovation through 

discussion about regulation and what can be achieved using Best Available Techniques.  Lyon 

(2013) found that regulation can be a powerful tool, but has its limitations due to high 

implementation costs, lengthy proceedings, and pressure from lobbyists.  Some of the limitations 

of Alberta’s regulatory system were identified throughout this research as well.  The goal of 

Alberta’s AQMS is to manage air quality by using the approval as the primary implementation 

tool, along with dispersion modeling results.  However, inconsistencies in approval conditions, 

the detail and appropriateness of dispersion modeling and the level of ambient air quality impact 

indicate that improvement the system is needed.  Emphasis placed on evaluating the 

environmental impacts of operations and designing approval conditions at the front end would 

reduce the risk of impacts to environmental quality on the back end.  Consistent with the findings 

of Bruce Process Consulting (2008) in their Benchmarking study of Alberta’s Kraft Pulp mills, I 

found that venting comparisons could not be easily made because of poor descriptions of 
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methodology in the mill approvals.  I also found that venting usually occurred at a small fraction 

of the limit, as did the benchmarking review.  Furthermore, Bruce Process Consulting concluded 

that in most cases, the lowest emission limit based on what can be achieved using best practices 

is a fraction of Alberta’s emission limits.  Although there was a tightening of the emissions limits 

for the Recovery Boiler, the mean emissions from all point sources were significantly lower than 

their approval limit, indicating that the framework may not be providing any incentive for 

continuous improvement.  ESRD should develop a clear method for managing environmental 

impacts from a facility that operates in compliance with its approval, as well as identify the 

conditions under which enforcement action should be taken, to ensure the regulatory response is 

consistent, appropriate, and timely.    

 Research into the corporate EM approach of Alberta’s Kraft Pulp mills confirmed that 

the extent to which firms undertake voluntary efforts is determined more so by their own 

employees and investors than consumers and environmental sensitivities (Fernandez-Feijoo, 

2013).  The environmental policies of each mill varied slightly in detail, and Grande Prairie 

Pulps policy was the only one directly endorsed by top level management.  Consistent with the 

findings of Christiansen and Garcia, (n.d.), ISO 14001 certification or compatibility dominates as 

the standard for EMS among Alberta’s Kraft mills.  All mills had ISO certified EMSs, with the 

exception of Grande Prairie Pulp whose EMS is ISO compatible. Yet, Grande Prairie Pulp 

showed the lowest emissions for several point sources and low ambient TRS concentrations.  

This finding supports the position of the US EPA (2012) that a well developed and implemented 

EMS can improve environmental performance, enhance compliance, and increase efficiency.  

The US EPA (2012) also states that it can reduce operating costs, attract new customers, improve 

employee morale, and enhance public image.  The EU’s BREF documents emphasize that a well-
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developed EMS, along with BATs, employee training, process control optimization, and proper 

maintenance of critical process and pollution abatement equipment will lead to good 

environmental performance ((European Commission, 2001) without compromising economic 

performance (Georgopoulou et al., 2008).  BATs are the most advance techniques that can 

achieve superior environmental performance while taking into account the technological 

characteristics of the facility, its age, location, and local environmental conditions.  In their 

exploration of the impact of BATs on the competitiveness of the EU’s Pulp and Paper Industry, 

the Joint Research Centre concluded that mills with lower environmental performance and fewer 

BATs were usually smaller, older, had lower productivity, little volume growth, weaker research 

and development, and soft regulation or enforcement.  In contrast, mills with superior 

environmental performance and more BATs were usually larger and newer, with greater 

productivity, volume growth, research and development, and strong regulation and enforcement.  

The Joint Research Centre found that the EU’s mills generally outperform Canadian mills and 

are not seen as a threat by the EU, whose biggest competition is the newer, bigger mills in Brazil 

and Indonesia. Canadian mill representatives did state that they felt pressure to keep up with 

European standards when exporting to European markets and wanted to avoid slipping too far 

behind (Lindbloom, Triebswetter, & Hitchens, 2001).   

All of Alberta’s mills have adopted similar BATs except Hinton Pulp, which does not 

have buffer tanks with adequate storage capacity for spills containment as do the other mills.  

Furthermore, Hinton Pulp only strips a portion of its contaminated condensates, whereas the 

other mills strip condensates and reuse all the weak wash in the process so nothing is sewered.  

BATs endorse prevention as the most effective and preferred measure to reduce emissions, 

followed by process technology, and finally, end of pipe treatment.  After dispersion modeling at 
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Hinton Pulp in 2012 confirmed the wastewater treatment system as the greatest contributor to 

adverse ambient air quality, Hinton Pulp proposed several strategies including a hydrogen 

peroxide injection system into the final effluent sewer that would oxidize H2S before it reached 

the wastewater treatment system, as opposed to preventing condensates from reaching the sewer 

by increasing processing through the stripper and incinerating malodorous stripper gases. 

Lyon and Maxwell (1999) found that greater transparency to the public alone can spur 

greater environmental protection.  The sustainability reports of the mills varied greatly in detail, 

which Christiansen and Garcia, (n.d.) also found to be true.  West Fraser’s (Hinton Pulp) report 

was the vaguest and Weyerhaeuser (Grande Prairie Pulp) had the most transparent and 

sophisticated sustainability reporting of all the mills.  Consistent with the findings of Lyon and 

Maxwell, Hinton Pulp’s TRS emissions also had the greatest impact on the community, and 

Grande Prairie Pulp had the best overall environmental performance.  Christian and Garcia (n.d) 

did caution that is was risky to draw conclusions based on reporting and environmental tools 

alone, but in the case of Alberta’s Kraft Pulp mills, corporate EM practices did make a difference 

between the leaders and laggards.  The extent to which corporate EM can shape voluntary 

performance is restrained by the company’s economic license, which was not evaluated in this 

study, but voluntary actions can lead to positive long run return on investment (Lyon and 

Maxwell, 1999). 

Businesses are intrinsically linked to the societies in which they operate, for better or 

worse (O’Rourke, 2011).  Social pressure can be more demanding than legal requirements in 

some cases, such as with odours, when locals are more concerned than remote actors (Thornton, 

Kagan and Gunningham, 2003).  This situation is observed in Hinton, where ambient air quality 

is generating regular complaints by the public, but the legislative backstop is lacking.   
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Jamison et al., (2005) found that the expectations of environmental non-governmental 

organizations (NGOs) towards environmental performance did not differ between companies of 

varying size or ownership structures, even though these factors can present opportunities and 

challenges.  NGO’s would prefer the government institute regulatory approaches over 

corporately lead voluntary initiatives (Jamison et al. 2005).   

   Alberta’s CEMS is necessary "to manage the combined effects of past, present and 

future human activities on the environment, the economy, and society in a particular place" 

(para. 1). Initiatives proposed to support the establishment of a CEMS include regional plans that 

set desired, placed- based environmental, economic, and social outcomes.  Region Plans have not 

yet been established for the regions in which Alberta’s Kraft mills are located.  Outcomes-based 

approvals for regulated facilities are also proposed to enable the achievement of outcomes 

described in regional plans, such as the provincial Ambient Air Quality Objectives (AAQO).  In 

a CEMS system, approval applicants will be required to evaluate the cumulative impact of the 

project on its environment and develop Continuous Improvement plans for regulatory review 

(Government of Alberta, 2014).  But to date, Continuous Improvement plans have not been 

required by ESRD.  ESRD claims that a CEMS approach to Alberta’s AQMS helps anticipate 

future pressures and establishes acceptable limits on environmental effects by setting point 

source emissions limits, AAQOs, and ambient monitoring and reporting requirements. However, 

the variances in the regulatory system found during the research could compromise Alberta’s 

ability to manage CEMS.  The strategic focus of CEMS emphasizes regional air management of 

all sources, shared responsibility and partnerships, integrated monitoring, evaluation, reporting 

and knowledge management.  One such example is the Odour Management Framework, under 

development by a multi-stakeholder Odour Management Team for the Clean Air Strategic 
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Alliance.  The goal of the Odour Management Team is to create a good practice guide for 

assessing and managing odour that will focus on seven topics: complaints; odour assessment; 

health; prevention; the role of regulation and enforcement; education, communication and 

awareness; and continuous improvement, although nothing has been finalized yet (Clean Air 

Strategic Alliance, 2014).  ESRD would be strategic to commit to preventing pollution, rather 

than responding to it, by fully implementing a CEMS if it truly wants to meet desired outcomes.  

 

Conclusions and Recommendations 

 

The objectives of my research were to determine how ESRD regulatory framework 

influences environmental performance at Alberta’s Kraft Pulp mills and to gain insights into the 

influence of corporate EMS and social license factors on environmental performance.  I 

discovered that each factor contributed slightly differently to the environmental performance at 

each mill.  In many cases, the factors are working together to maintain acceptable air quality, but 

improvements to increase their efficacy were identified throughout this study.  There were some 

irregularities in legal requirements between the mills, as well as unclear expectations and 

vagueness in some approval conditions.  Furthermore, the emissions from each source were 

significantly lower than the regulatory limits in place.  The environmental performance of each 

mill, as indicated by ambient TRS, was generally acceptable with either no offsite impacts or 

rare exceedances, except in Hinton, where mean concentrations were much higher and hourly 

and daily ambient exceedances occurred more regularly.  The differences and similarities in 

corporate environmental management strategies could be contributing to the variance in 

performance between the mills.  However, the regulatory framework could be improved to 

prevent, and respond appropriately to environmental risks.  The regulatory framework could also 
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be used to increase transparency and strengthen the influence of the social license.  All factors 

should be working together optimally to achieve the highest environmental, economic, and social 

performance possible.   

TRS is a pollutant with a high degree of social intolerance.  The management of TRS and 

the regulatory and corporate response to public concerns of TRS emissions and ambient air data 

may reflect the effectiveness of the current environmental management approach.  The 

persistence of ambient air quality concerns in Hinton even today brings into question the 

environmental management of TRS and whether the system is operating optimally to ensure the 

highest level of environmental protection.  Inevitably, this research resulted in a list of 

recommendations to improve the effectiveness of each factor in managing TRS emissions, and 

perhaps environmental performance as a whole.   

The following is offered as suggestions to strengthen each factor and their interactions in 

contributing to a robust environmental management system: 

1) Dispersion modelling should be scrutinized to ensure model inputs are appropriate 

and yield the most accurate results.   

a. All pertinent emission sources should be taken into account and modelling 

scenarios should be consistent between similar facilities. 

b. ESRD should ensure that appropriate management plans are developed if 

modelling results indicate the need.  

2) Regulators should ensure similar approval limits, monitoring conditions, reporting 

requirements, and clearly articulated expectations for similar facilities, unless there is 

a good reason to implement more stringent conditions due to site-specific concerns.  

This would enable more comparisons between facilities and ensure operators are not 
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unfairly benefitting from different regulatory rules; thereby, increasing regulator 

credibility and improving overall environmental performance. 

3) Regulators should shift focus to outcomes based approvals by placing emphasis on 

meeting ambient air outcomes, for example.  The approval process should focus on 

identifying best management practices, evaluating environmental impacts, and 

designing approval conditions at the front end to reduce the risk of adverse 

environmental impacts during operation. 

a. Limits should focus on outcomes, like AAQOs, and mass emissions of 

pollutants, like TRS, from entire facilities based on what can be achieved 

using best available techniques and management practices, in addition to point 

source emissions control. 

b. Both H2S and TRS monitoring should occur when TRS is the parameter of 

concern so that their relationship can be established and so that ambient air 

quality can be properly evaluated against a published AAQO. 

c. In Hinton, at least two monitoring stations should be operating to align 

ambient monitoring with that of the other mills.   

4) The regulator should act as the facilitator to enable open collaborative discussion with 

industry on regulation, implementation of BATs and other leading management 

practices to encourage forward looking corporate environment management. 

a. Technical working groups, like the Alberta Pulp and Paper Technical 

Working Group, should be re-established to resume collaborative 

conversations between industry and regulators about environmental 

management and regulation.  
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b. Regulators should identify leaders and work with them to determine what 

innovations are feasible as the basis of future regulation.  

c. Best Available Techniques and other leading management practices should be 

carefully considered as they have the potential to greatly reduce 

environmental impacts and improve efficiencies in a cost effective manner.  

5) Regulators should encourage the development and adoption of environmental 

policies, EMS, BATs, and sustainability reporting to the highest standards. 

a. Companies should seriously consider Corporate Sustainability Reporting to 

the highest standard of transparency and quality of information on both global 

and local scales.   

b. A strong commitment to environmental stewardship by the leadership team 

and well-structured EMS can drive environmental performance. 

c. Regulators can improve corporate transparency by publishing information on 

environmental performance in way that is transparent, complete, and easily-

accessible to citizens.  

6) Regulators should develop a clear methodology for acting on environmental impacts 

resulting from an operation that performs in-compliance with its approval, as well as 

identify conditions and criteria under which enforcement action should be taken to 

ensure a consistent, appropriate, and timely regulatory response.   

Strong environmental performance of Alberta’s Kraft Pulp mills can make good 

economic sense too.  Concerns regarding the economic performance of Canada’s Pulp and Paper 

industry have been raised in recent years due to the emergence of other markets worldwide.  The 

largest threat to the Canadian Pulp and Paper sector is that it has relied on the US for over half of 
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their exports for many years, so the fortune of Canada’s industry is dependent on US demand, 

which has been in decline.  Canadian Pulp and Paper will have to create global reach and 

develop new markets in response to maintain its competitive position, which means it will have 

to compete with newer, bigger mills that meet today’s highest environmental standards. The 

research suggests that improving environmental performance and corporate sustainability 

through flexible, collaborative, and regulatory mechanism is the key to maintaining and 

improving Canada’s position on the world market.  

Sustainability planning has to occur globally, but it also has to occur at the grassroots 

level to foster healthy, respectful, resilient, and diverse communities.  Regulators, corporations, 

and the public all have important roles to play in supporting sustainability plans at both global 

and local scales, such as the one developed by the Hinton Community.  Some regulatory 

approaches are superior due to their holistic, participative, and flexible structure that evaluates 

and assures good environmental performance at the local level.  As identified above, there are 

many opportunities to improve permitting systems so that they contribute to more sustainable 

development.  Regulation that serves as a collaborative mechanism rather than a rigid set of rules 

is the key to a) innovation, b) narrowing the spread between laggards and leaders, and c) 

sharpening the focus on achieving sustainability goals.  Government plays a vital role in 

advancing corporate EM by applying a combination of regulatory and non-regulatory tools. 

Strong enforcement of regulations is critical to minimize risks and ensure environmental quality 

and a level playing field between companies. Corporations should look deeply within and across 

their operations to evaluate and report transparently on their environmental, social, and economic 

impacts.  They should consider the sustainability of their operations at all scales and should see 

themselves as community members that benefit from the support of the communities in which 
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they operate.  Greater transparency by companies to the public can spur greater environmental 

protection and while self-regulation can serve as an effective supplementary tool, it is not a 

substitute for a regulatory system.  When the public voices their concerns, social pressure can be 

more demanding than legal requirements in improving performance.  Refining the roles and 

responsibilities of regulatory bodies, corporate entities, and the public in contributing to 

enhanced environmental protection is critical if we are to effectively manage cumulative effects 

today to meet the sustainability goals of tomorrow.   
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RESEARCH CONSENT FORM  

Continuous Improvement Incentives for Managing Total Reduced Sulphur from Alberta’s 

Kraft Pulp Mills 

 
My name is Nicole Pysh, and this research project is part of the requirement for a MSc: 
Environment and Management degree at Royal Roads University.  My credentials with Royal 
Roads University can be established by telephoning Dr. Tony Boydell, School of Environment 
and Sustainability.   
 
This document constitutes an agreement to participate in my research project, the objective of 
which is to determine how Alberta’s regulatory framework influences the management of total 
reduced sulphur (TRS) emissions from Kraft Pulp mills, or whether the social license or 
corporate environmental management style have a greater influence in managing releases of 
TRS.  My sponsoring organization is Alberta Environment and Sustainable Resource 
Development, Government of Alberta.  
 
As part of my research, I will conduct semi-structured interviews of open-ended questions lasting 
no more than a few hours.  The foreseen questions will refer to publicly accessible data collected 
during the literature review with the objective of clarifying the information, filling data gaps, and 
gaining insight into the intentions and motivations behind policies and decisions.  In addition to 
submitting my final report to Royal Roads University in partial fulfillment for a MSc: 
Environment and Management degree, I will also be sharing my research findings with my 
sponsor, the Government of Alberta. 

 

Information will be recorded in hand-written format and, where appropriate, summarized in 
anonymous format, in the body of the final report. At no time will any specific comments be 
attributed to any individual unless specific agreement has been obtained beforehand.  All 
documentation will be kept strictly confidential.  Electronic data will be password protected and 
encrypted and hard copies will be kept in locked cabinets.  I will be the only person with access 
to this information.  The data collected will be retained for two years after my thesis has been 
completed.  After this time, the raw data stored electronically will be permanently deleted and 
hard copies of raw data will be shredded.  Any information collected from participants who 
choose to withdraw from the research will be destroyed upon written notification of the 
participants wish to withdraw. 
 
All information collected from participants will be evaluated for its relevance to the research 
objectives.  This data will be included in my thesis report and all participants will be debriefed 
and will receive a copy of the thesis report.  The thesis report will be published through 
ProQuest, Library and Archives Canada, and through Royal Roads University’s online 
repository, DSpace.  In addition, the information gathered from participants may be used to 
complete a future journal article.        
 
My research does not pose potential or anticipated risks to participants greater than those 
encountered in aspects of their everyday life related to the research.  This research will result in 
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benefits to participants, my sponsor, and society.  Participants will have a greater understanding 
of their mills performance, approval requirements and ambient conditions are related to TRS, in 
comparison to the other Kraft Pulp Mills in Alberta.  The research findings may also provide 
incentive to implement continuous improvement initiatives and corporate sustainability 
reporting.  My sponsor, the Government of Alberta, will benefit through a greater understanding 
of how regulatory requirements relate to TRS management at Kraft Pulp mills, and how 
alternative regulatory approaches may be useful in encouraging continuous improvement and 
managing cumulative effects.  Finally all parties will benefit from improved transparency and an 
exchange of information, as well as a better understanding of the challenges and strategies from 
all perspectives.  The research results may inform and contribute to practice by improving the 
reasoning of practitioners to minimize environmental impacts and improve the sustainability of 
activities.    

 

I am employed as an Environmental Protection Officer for Alberta Environment and Sustainable 
Resource Development, Government of Alberta.  I am designated as an Inspector under the 
Environmental Protection and Enhancement Act, Water Act, and Climate Change and Emissions 
Management Act, which gives me certain authorities under the legislation.  This is may be 
perceived as a conflict of interest as part of my research will involve conducting interviews with 
employees of organizations that own and operate pulp mill facilities that are regulated by Alberta 
Environment and Sustainable Resource Development.  It could be perceived that I may have 
influence over the employees of Kraft Pulp mills in Alberta, as well as my fellow colleagues, 
employees of Alberta Environment and Sustainable Resource Development. 
 
The perceived conflict of interest will be mitigated through a variety of measures. First of all, I 
will suspend all interaction with Alberta’s Kraft pulp mills as an Environmental Protection 
Officer for the duration of the research period outlined in my research proposal, with the 
exception of emergency response situations.  I am conducting this research as a student of Royal 
Roads University and will use my own time and resources to conduct the interviews.  Interview 
participants are not the focus of the research and therefore personal information will not be 
collected and participants will remain anonymous.     
 
You are not compelled to participate in this research project. If you do choose to participate, you 
are free to withdraw at any time without prejudice. Similarly, if you choose not to participate in 
this research project, this information will also be maintained in confidence.   
 
By replying to this email, you give free and informed consent to participate in this project.  I 
would be happy to answer any questions you have before proceeding; please contact me.    
 
Name: (Please Print): __________________________________________________ 
Signed: _____________________________________________________________ 
Date: _______________________________________________________________ 
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Regulatory Influence on the Management of Total Reduced Sulphur Compounds 
Thesis Project 

Nicole Pysh, Royal Roads University 
ESRD Questions 

 
Approvals 

1. How should fugitive emissions be identified and controlled to ensure they are not causing 
adverse effects (as required in the approval – what is the expectation)? 
 
 
 

 
2. How are approval limits set, specifically? From where are they derived? (guidance 

documents?) 
 
 
 
 

3. How do you maintain consistency in regulatory (approval) requirements between mills, 
while still ensuring that site specific conditions are addressed? Is there a template for 
approval conditions? 

 
 

4. There are some sources of TRS, notably where emissions of TRS identified through stack 
surveys are quite high, that are not subject to approval limits; why is that? (i.e Hinton 
Pulp) 
 

 
Policy 

1. What are the Best Available Techniques Economically Achievable at Kraft Pulp mills? 
Can you describe them? 

 
 

2. How often are Alberta’s requirements compared to those in other jurisdictions? 
 
 

3. What was your assessment of the results of the study commissioned in 2007 and 
completed by Bruce Process Consulting - Technical Benchmarking of Air emsissions? 
 

 
4. What role do see the government playing in encouraging continuous improvement in 

environmental performance? 
 

 
5. Will continuous improvement plans be required in future approvals? 
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6. Who should take on the role of facilitating discussion between players within a sector on 

environmental issues and best practices? Do you think this would be of benefit to the 
industry? 

 
 
 
Ambient Air 

7. Is TRS ambient air quality monitoring data assessed in comparison to applicable 
guidelines and objectives by the province? 
 

8. Will a TRS ambient air quality objective be adopted by the province? How come Alberta 
doesn’t have an Ambient Air Quality Objective for TRS? Do you see a need to develop a 
TRS objective? 

 
 
 
Compliance 
 

9. Does the absence of an ambient air quality objective for TRS make it difficult to issue 
enforcement action when air quality is adversely impacted?  
 

10. Are standards such as ambient air quality objectives easily enforceable? Do you think 
that having an ambient air quality objective for TRS would make odour related issues 
easier to address?  

 
11. What is the regulatory approach taken to address odour concerns? 
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Regulatory Influence on the Management of Total Reduced Sulphur Compounds 

Thesis Project 
Nicole Pysh, Royal Roads University 

Mill Questions 
 

1. Do you have an Environmental Management System, or any other management system? 
If so, which one and how long has it been in place?  
 

2. What is your facility and/or organizational Environmental Policy? 
 
3. Have you ever examined your own TRS emissions data?  Have you used TRS emissions 

data as an indicator for process optimization? Please describe the circumstances 
 

4. Please see the table attached of approved emission sources at Alberta’s Kraft Pulp Mills.  
Please confirm the TRS emission sources identified at your facility as either continuous 
or intermittent.  Are there sources of TRS emissions that are not listed in the table? 
 

5. How are fugitive emissions of TRS identified and controlled to ensure they are not 
causing adverse effects (as required by the approval)? 

 
6. How do you monitor venting times and scrubber downtime? (method of monitoring is not 

specified in the approval) 
 

7. What is the estimated or measured TRS concentration of the identified TRS sources that 
are not required to be monitored?  
 

8. How often are the TRS monitoring devices (analyzers) calibrated and audited? Who does 
the audit and calibration? (for CEMS, ambient stations, and venting monitoring). 

 
9. Do employees at your facility meet regularly to discuss environmental performance? If 

so, how often?  
 

10. Do representatives of your mill meet with representatives of Alberta’s other Kraft pulp 
mills to discuss environmental performance and the like?  

 
11. Have any measures been taken over the last five years (from Jan 2008 to Jan 2013) to 

directly or indirectly address TRS emissions? What were they and what was the dominant 
motivating factor for implementing the identified action? 

 
12. What is the Best Available Technology Economically Achievable (BETEA) applied at 

Kraft Pulp mills? How do you know you are employing BETEA? 
 

13. Has the TRS concentration ever been measured or estimated from sources at the mill that 
are not required to be monitored through the approval? i.e. venting sources? 
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14. Do you have a Continuous Improvement Plan or anything similar? 

 
15. Does your organization report on its Corporate Sustainability (financial, social, 

environmental, and organizational performance)?  If so, to whom?  
 

16. Please see the list of The European Unions Best Available Techniques for odour control 
in the table attached and identify the ones that are applied at your facility. (additional 
description of the techniques can be provided upon request). 

 
17. Generally speaking, what role does current provincial regulation play in encouraging 

continuous improvement in environmental performance? What role does your social 
license play? What role does the corporate environmental  management approach play? 
What role do you think government should play? 

 
18. Are you a member of the Alberta Forest Products Association? If so, how do you 

participate? 
 

19. Are you a member of any other group that discusses environmental performance, 
continuous improvement, sustainability or the like?   
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Appendix B: Mill Approvals 
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 All approvals are available online via the Government of Alberta’s Authorization Viewer 
at: https://avw.alberta.ca/ApprovalViewer.aspx 
 
Enter an approval number into the first box of the Authorization/Approval Number space in the 
Search Criteria box as follows: 
 
Hinton Pulp: 99 
Alpac: 111 
Grande Prairie Pulp: 113 
Peace River Pulp: 115 
 
Select EPEA from the Act/Document Types box and check the box beside Show Inactive 

Authorizations under the Search Criteria box.  

 

Click on the Search button and the approvals issued for the Kraft pulp mill facility will be 
displayed. 
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Appendix C: Statistical Analysis of TRS Monitoring Data 
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Statistical Analysis of Point Source and Ambient Air Monitoring Data collected between 

January 1, 2008 and January 1, 2013 
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Recovery Boiler – Alpac 

 
Distributions 
TRS ppm 
 

 
 

 
 Normal(1.1793,0.44345) 
 
Quantiles 
      
100.0% maximum 7.3786 
99.5%  3.09181 
97.5%  2.16867 
90.0%  1.61488 
75.0% quartile 1.345 
50.0% median 1.1015 
25.0% quartile 0.9234 
10.0%  0.78188 
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2.5%  0.64879 
0.5%  0.37145 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 1.1793007 
Std Dev 0.443448 
Std Err Mean 0.0075378 
Upper 95% Mean 1.1940796 
Lower 95% Mean 1.1645218 
N 3461 
Variance 0.1966461 
Skewness 3.8757976 
Kurtosis 36.004048 
N Missing 93 
Autocorrelation 0.5593502 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 1.1793007 1.1645218 1.1940796 
Dispersion σ 0.443448 0.4332424 0.4541494 
 
-2log(Likelihood) = 4192.09646912587 
 
Goodness-of-Fit Test 
 KSL Test 
 
D   Prob>D 
0.108954   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 1.179301 1.164522 1.19408 0.950 
Std Dev 0.443448 0.433242 0.454149 0.950 
 
Test Mean 
    
Hypothesized Value 5 
Actual Estimate 1.1793 
DF 3460 
Std Dev 0.44345 
 
  t Test Signed-Rank 
Test Statistic  -506.88  -2995416 
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  t Test Signed-Rank 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
 

 
 
 
 
 
Recovery Boiler – Peace River Pulp 

 
Distributions 
TRS ppm 
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 Normal(2.34182,0.71642) 
 
Quantiles 
      
100.0% maximum 7.5 
99.5%  4.4 
97.5%  3.7 
90.0%  3.2 
75.0% quartile 2.8 
50.0% median 2.4 
25.0% quartile 2 
10.0%  1.4 
2.5%  0.7 
0.5%  0.6 
0.0% minimum 0.2 
 
Summary Statistics 
    
Mean 2.3418184 
Std Dev 0.7164177 
Std Err Mean 0.0098856 
Upper 95% Mean 2.3611983 
Lower 95% Mean 2.3224384 
N 5252 
Variance 0.5132543 
Skewness  -0.145861 
Kurtosis 1.5310608 
N Missing 118 
Autocorrelation 0.7598783 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 2.341818 2.322438 2.361198 0.950 
Std Dev 0.716418 0.702975 0.730388 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 2.3418184 2.3224384 2.3611983 
Dispersion σ 0.7164177 0.7029751 0.7303881 
 
-2log(Likelihood) = 11400.5312086779 
 
Goodness-of-Fit Test 
 KSL Test 
 
D   Prob>D 
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D   Prob>D 
0.088914   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
 
 
 
Test Mean 4 h interval data 
   
 
Test Mean 
    
Hypothesized Value 6.5 
Actual Estimate 2.35514 
DF 2763 
Std Dev 0.74662 
 
  t Test Signed-Rank 
Test Statistic  -291.86  -1910614 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
 

 
 
Test Mean 12 h interval data 
    
 
Test Mean 
    
Hypothesized Value 5 
Actual Estimate 2.32702 
DF 2487 
Std Dev 0.68115 
 
  t Test Signed-Rank 
Test Statistic  -195.74  -1547153 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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Recovery Boiler – Grande Prairie Pulp 
 
Distributions 
Main RB TRS ppm 

 

 
 

 
 Normal(1.00887,0.61089) 
 
Quantiles 
      



FACTORS INFLUENCING ENVIRONMENTAL PERFORMANCE 199 
 

 

      
100.0% maximum 6.16104 
99.5%  3.1271 
97.5%  2.41195 
90.0%  1.82233 
75.0% quartile 1.39426 
50.0% median 0.91091 
25.0% quartile 0.48001 
10.0%  0.37458 
2.5%  0.29629 
0.5%  0.20884 
0.0% minimum 0.14633 
 
Summary Statistics 
    
Mean 1.0088735 
Std Dev 0.610893 
Std Err Mean 0.0106895 
Upper 95% Mean 1.0298323 
Lower 95% Mean 0.9879147 
N 3266 
Variance 0.3731903 
Skewness 1.265125 
Kurtosis 3.3501823 
N Missing 119 
Autocorrelation 0.7986793 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 1.008874 0.987915 1.029832 0.950 
Std Dev 0.610893 0.59643 0.62608 0.950 
 
Test Mean 
    
Hypothesized Value 5 
Actual Estimate 1.00887 
DF 3265 
Std Dev 0.61089 
 
  t Test 
Test Statistic  -373.37 
Prob > |t| <.0001* 
Prob > t 1.0000 
Prob < t <.0001* 
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Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 1.0088735 0.9879147 1.0298323 
Dispersion σ 0.610893 0.5964301 0.62608 
 
-2log(Likelihood) = 6048.31870988442 
 
Goodness-of-Fit Test 
 KSL Test 
 
D   Prob>D 
0.100872   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
 
Distributions 
Back-up RB TRS ppm 
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 Normal(1.62609,0.53556) 
 
Quantiles 
      
100.0% maximum 3.28973 
99.5%  3.28973 
97.5%  2.71483 
90.0%  2.33619 
75.0% quartile 2.0469 
50.0% median 1.54094 
25.0% quartile 1.30233 
10.0%  1.00905 
2.5%  0.39735 
0.5%  0.27672 
0.0% minimum 0.27672 
 
Summary Statistics 
    
Mean 1.6260937 
Std Dev 0.535559 
Std Err Mean 0.0567691 
Upper 95% Mean 1.7389104 
Lower 95% Mean 1.513277 
N 89 
Variance 0.2868234 
Skewness 0.2486453 
Kurtosis 0.5076352 
Autocorrelation 0.7470036 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 1.626094 1.513277 1.73891 0.950 
Std Dev 0.535559 0.466785 0.628289 0.950 
 
Test Mean 
    
Hypothesized Value 5 
Actual Estimate 1.62609 
DF 88 
Std Dev 0.53556 
 
  t Test 
Test Statistic  -59.432 
Prob > |t| <.0001* 
Prob > t 1.0000 
Prob < t <.0001* 
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Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 1.6260937 1.513277 1.7389104 
Dispersion σ 0.535559 0.4667848 0.6282886 
 
-2log(Likelihood) = 140.419979604013 
 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.980685   0.2075 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
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Recovery Boiler - Hinton Pulp 

 
Distributions 

RB3 TRS ppm 

 

 
 

 
 Normal(0.93118,0.35608) 
 
Quantiles 
      
100.0% maximum 4.42107 
99.5%  2.33946 
97.5%  1.6898 
90.0%  1.276 
75.0% quartile 1.08344 
50.0% median 0.91376 
25.0% quartile 0.79317 
10.0%  0.59905 
2.5%  0.07345 
0.5%  0 
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0.0% minimum 0 
 
Summary Statistics 
    
Mean 0.9311793 
Std Dev 0.3560757 
Std Err Mean 0.004389 
Upper 95% Mean 0.9397831 
Lower 95% Mean 0.9225755 
N 6582 
Variance 0.1267899 
Skewness 0.8585681 
Kurtosis 7.4902218 
Autocorrelation 0.6967178 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.931179 0.922575 0.939783 0.950 
Std Dev 0.356076 0.350096 0.362265 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.9311793 0.9225755 0.9397831 
Dispersion σ 0.3560757 0.3500956 0.3622652 
 
-2log(Likelihood) = 5084.60465579882 
 
Goodness-of-Fit Test 
 KSL Test 
 
D   Prob>D 
0.126961   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean RB3 4 h interval data 
    
Hypothesized Value 6.5 
Actual Estimate 0.97756 
DF 4461 
Std Dev 0.31235 
 
  t Test 
Test Statistic  -1181.0 
Prob > |t| <.0001* 
Prob > t 1.0000 
Prob < t <.0001* 
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RB3 12 h interval 
 
Test Mean 
    
Hypothesized Value 5 
Actual Estimate 0.83356 
DF 2119 
Std Dev 0.41751 
 
  t Test 
Test Statistic  -459.48 
Prob > |t| <.0001* 
Prob > t 1.0000 
Prob < t <.0001* 
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Distributions 

RB2 TRS ppm 

 

 
 

 
 Normal(1.06421,0.67475) 
 
Quantiles 
      
100.0% maximum 18.3402 
99.5%  3.93983 
97.5%  2.50041 
90.0%  1.68002 
75.0% quartile 1.26668 
50.0% median 0.98897 
25.0% quartile 0.76108 
10.0%  0.40986 
2.5%  0.11394 
0.5%  0.00021 
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0.0% minimum 0 
 
Summary Statistics 
    
Mean 1.0642141 
Std Dev 0.674754 
Std Err Mean 0.0083145 
Upper 95% Mean 1.0805132 
Lower 95% Mean 1.047915 
N 6586 
Variance 0.455293 
Skewness 7.1171345 
Kurtosis 144.52187 
Autocorrelation 0.4813207 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 1.064214 1.047915 1.080513 0.950 
Std Dev 0.674754 0.663425 0.686479 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 1.0642141 1.047915 1.0805132 
Dispersion σ 0.674754 0.6634252 0.6864793 
 
-2log(Likelihood) = 13507.2999926875 
 
Goodness-of-Fit Test 
 KSL Test 
 
D   Prob>D 
0.132989   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
 
RB2 TRS 4 h interval data 
Test Mean 
    
Hypothesized Value 6.5 
Actual Estimate 1.21101 
DF 4461 
Std Dev 0.65903 
 
  t Test 
Test Statistic  -536.08 
Prob > |t| <.0001* 
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  t Test 
Prob > t 1.0000 
Prob < t <.0001* 
 

 
 
 
RB2 12 h interval data 
Test Mean 
    
Hypothesized Value 5 
Actual Estimate 0.75583 
DF 2123 
Std Dev 0.59927 
 
  t Test 
Test Statistic  -326.40 
Prob > |t| <.0001* 
Prob > t 1.0000 
Prob < t <.0001* 
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Recovery Boiler – ANOVA/Kruskal Wallis 

 
 
Response Data 
Regression Plot 
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Summary of Fit 
    
RSquare 0.496306 
RSquare Adj 0.496086 
Root Mean Square Error 0.560801 
Mean of Response 1.306008 
Observations (or Sum Wgts) 25236 
 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 11 7816.535 710.594 2259.457 
Error 25224 7932.891 0.314 Prob > F 
C. Total 25235 15749.426  <.0001* 
 
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 
Intercept  31.384497 4.899669 6.41 <.0001* 
Label[Alpac]  0.3385298 0.083009 4.08 <.0001* 
Label[GPP Back-up RB]   -2.214682 0.412715  -5.37 <.0001* 
Label[GPP Main RB]  0.0741805 0.083047 0.89 0.3717 
Label[Hinton RB2]  0.2075733 0.082798 2.51 0.0122* 
Label[Hinton RB3]  0.087456 0.082799 1.06 0.2909 
Date time   -9.131e-9 1.489e-9  -6.13 <.0001* 
Label[Alpac]*(Date time-3.35e+9)  9.6614e-9 1.499e-9 6.45 <.0001* 
Label[GPP Back-up RB]*(Date time-3.35e+9)   -4.546e-8 7.436e-9  -6.11 <.0001* 
Label[GPP Main RB]*(Date time-3.35e+9)  1.5093e-8 1.5e-9 10.06 <.0001* 
Label[Hinton RB2]*(Date time-3.35e+9)  4.818e-9 1.495e-9 3.22 0.0013* 
Label[Hinton RB3]*(Date time-3.35e+9)  7.137e-9 1.495e-9 4.78 <.0001* 
 
Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   
Label 5 5 7456.0923 4741.587 <.0001*  
Date time 1 1 11.8297 37.6145 <.0001*  
Label*Date time 5 5 489.9839 311.5977 <.0001*  
 
Effect Details 
Label 
Least Squares Means Table 
Level Least Sq Mean   Std Error Mean 
Alpac 1.171198  0.01005089 1.17930 
GPP Back-up RB  -1.382014  0.49524362 1.62609 
GPP Main RB 0.906849  0.01050801 1.00887 
Hinton RB2 1.040242  0.00696849 1.06421 
Hinton RB3 0.920124  0.00697037 0.93118 
PRP 2.339611  0.00779964 2.34182 
 
LSMeans Differences Tukey HSD 
α= 
0.050   Q= 
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2.84998 
LSMean[i] By LSMean[j] 

Mean[i]-Mean[j] 
Std Err Dif 
Lower CL Dif 
Upper CL Dif 

Alpac GPP 
Back-up 
RB 

GPP Main 
RB 

Hinton 
RB2 

Hinton 
RB3 

PRP 

Alpac 0 
0 
0 
0 

2.55321 
0.49535 
1.14149 
3.96494 

0.26435 
0.01454 
0.22291 
0.30579 

0.13096 
0.01223 
0.0961 
0.16581 

0.25107 
0.01223 
0.21621 
0.28593 

-1.1684 
0.01272 
-1.2047 
-1.1322 

GPP Back-up RB -2.5532 
0.49535 
-3.9649 
-1.1415 

0 
0 
0 
0 

-2.2889 
0.49536 
-3.7006 
-0.8771 

-2.4223 
0.49529 
-3.8338 
-1.0107 

-2.3021 
0.49529 
-3.7137 
-0.8906 

-3.7216 
0.49531 
-5.1332 
-2.31 

GPP Main RB -0.2643 
0.01454 
-0.3058 
-0.2229 

2.28886 
0.49536 
0.87711 
3.70062 

0 
0 
0 
0 

-0.1334 
0.01261 
-0.1693 
-0.0975 

-0.0133 
0.01261 
-0.0492 
0.02266 

-1.4328 
0.01309 
-1.4701 
-1.3955 

Hinton RB2 -0.131 
0.01223 
-0.1658 
-0.0961 

2.42226 
0.49529 
1.01068 
3.83383 

0.13339 
0.01261 
0.09746 
0.16933 

0 
0 
0 
0 

0.12012 
0.00986 
0.09203 
0.14821 

-1.2994 
0.01046 
-1.3292 
-1.2696 

Hinton RB3 -0.2511 
0.01223 
-0.2859 
-0.2162 

2.30214 
0.49529 
0.89056 
3.71371 

0.01328 
0.01261 
-0.0227 
0.04921 

-0.1201 
0.00986 
-0.1482 
-0.092 

0 
0 
0 
0 

-1.4195 
0.01046 
-1.4493 
-1.3897 

PRP 1.16841 
0.01272 
1.13216 
1.20467 

3.72163 
0.49531 
2.31001 
5.13324 

1.43276 
0.01309 
1.39547 
1.47006 

1.29937 
0.01046 
1.26956 
1.32918 

1.41949 
0.01046 
1.38967 
1.4493 

0 
0 
0 
0 

 
 
Level             Least Sq Mean 
PRP A          2.339611 
Alpac   B        1.171198 
Hinton RB2     C      1.040242 
Hinton RB3       D    0.920124 
GPP Main RB       D    0.906849 
GPP Back-up RB         E   -1.382014 
 
Levels not connected by same letter are significantly different. 
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Oneway Analysis of Data By Label 

 
 
Missing Rows 
 

14964 

Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Expected 

Score 
Score Mean (Mean-Mean0)/Std0 

Alpac 3461 4.43e+7 4.37e+7 12786.9 1.464 
GPP Back-up RB 89 1556098 1123047 17484.2 6.312 
GPP Main RB 3266 3.17e+7 4.12e+7 9705.2  -24.494 
Hinton RB2 6586 7.02e+7 8.31e+7 10655.4  -25.438 
Hinton RB3 6582 6.07e+7 8.31e+7 9220.6  -44.013 
PRP 5252 1.1e+8 6.63e+7 20956.9 93.213 
 
1-way Test, ChiSquare Approximation 
ChiSquare DF Prob>ChiSq 
9354.4677 5 <.0001* 
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Tests that the Variances are Equal 

 
 
Level Count Std Dev MeanAbsDif to 

Mean 
MeanAbsDif to 
Median 

Alpac 3461 0.4434480 0.2893071 0.2820336 
GPP Back-up RB 89 0.5355590 0.4253908 0.4162567 
GPP Main RB 3266 0.6108930 0.4884789 0.4816153 
Hinton RB2 6586 0.6747540 0.4021022 0.3954059 
Hinton RB3 6582 0.3560757 0.2345225 0.2339722 
PRP 5252 0.7164177 0.5337722 0.5307369 
 
Test F Ratio DFNum DFDen Prob > F 
O'Brien[.5] 14.6354 5 25230 <.0001* 
Brown-Forsythe 356.5039 5 25230 <.0001* 
Levene 378.9862 5 25230 <.0001* 
Bartlett 726.7676 5 . <.0001* 
 
Welch's Test 
Welch Anova testing Means Equal, allowing Std Devs Not Equal 
 
F Ratio DFNum DFDen Prob > F 
3465.9654 5 967.76 <.0001* 
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Lime Kiln – Alpac 

 
Distributions 
Alpac LK TRS ppm 
 

 
 

 
 Normal(2.91422,1.24941) 
 
Quantiles 
      
100.0% maximum 7.8412 
99.5%  6.23825 
97.5%  5.49466 
90.0%  4.57612 
75.0% quartile 3.77745 
50.0% median 2.804 
25.0% quartile 2.037 
10.0%  1.46064 
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2.5%  0.30171 
0.5%  0.01953 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 2.9142209 
Std Dev 1.2494122 
Std Err Mean 0.0210558 
Upper 95% Mean 2.9555038 
Lower 95% Mean 2.872938 
N 3521 
Variance 1.5610309 
Skewness 0.2566234 
Kurtosis 0.0389733 
Autocorrelation 0.8021458 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 2.914221 2.872938 2.955504 0.950 
Std Dev 1.249412 1.220899 1.279299 0.950 
 
Test Mean 
    
Hypothesized Value 8 
Actual Estimate 2.91422 
DF 3520 
Std Dev 1.24941 
 
  t Test 
Test Statistic  -241.54 
Prob > |t| <.0001* 
Prob > t 1.0000 
Prob < t <.0001* 
 

 
 
 
Fitted Normal 
Parameter Estimates 
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Type Parameter Estimate Lower 95% Upper 95% 
Location μ 2.9142209 2.872938 2.9555038 
Dispersion σ 1.2494122 1.2208986 1.2792993 
 
-2log(Likelihood) = 11559.2300041386 
 
Goodness-of-Fit Test 
 KSL Test 
 
D   Prob>D 
0.038081   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
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Lime Kiln – Peace River Pulp 

 
Distributions 
PRP LK TRS ppm 
 

 
 

 
 Normal(2.22776,1.20146) 
 
Quantiles 
      
100.0% maximum 12.2 
99.5%  7.1985 
97.5%  5.5 
90.0%  3.8 
75.0% quartile 2.7 
50.0% median 1.9 
25.0% quartile 1.5 
10.0%  1.1 
2.5%  0.6 
0.5%  0.3 
0.0% minimum 0 
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Summary Statistics 
    
Mean 2.2277624 
Std Dev 1.2014639 
Std Err Mean 0.0166581 
Upper 95% Mean 2.2604193 
Lower 95% Mean 2.1951055 
N 5202 
Variance 1.4435156 
Skewness 1.6201277 
Kurtosis 4.2125567 
Autocorrelation 0.9925527 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 2.227762 2.195106 2.260419 0.950 
Std Dev 1.201464 1.178814 1.225008 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 2.2277624 2.1951055 2.2604193 
Dispersion σ 1.2014639 1.1788142 1.2250075 
 
-2log(Likelihood) = 16671.1946858474 
 
Goodness-of-Fit Test 
 KSL Test 
 
D   Prob>D 
0.139427   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
PRP LK 4 hour interval TRS ppm 
Test Mean 
    
Hypothesized Value 10 
Actual Estimate 2.29522 
DF 2698 
Std Dev 1.34849 
 
  t Test 
Test Statistic  -296.83 
Prob > |t| <.0001* 
Prob > t 1.0000 
Prob < t <.0001* 
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PRP LK 12 h interval data 
Test Mean 
    
Hypothesized Value 8 
Actual Estimate 2.15502 
DF 2502 
Std Dev 1.0147 
 
  t Test 
Test Statistic  -288.19 
Prob > |t| <.0001* 
Prob > t 1.0000 
Prob < t <.0001* 
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Lime Kiln – Grande Prairie Pulp 

 
Distributions 
GPP LK TRS ppm 
 

 
 

 
 Normal(1.08217,1.25531) 
 
Quantiles 
      
100.0% maximum 10.5929 
99.5%  6.04835 
97.5%  4.47624 
90.0%  2.80075 
75.0% quartile 1.61588 
50.0% median 0.63136 
25.0% quartile 0.12251 
10.0%  0.00475 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
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Mean 1.0821655 
Std Dev 1.2553124 
Std Err Mean 0.0218522 
Upper 95% Mean 1.1250107 
Lower 95% Mean 1.0393203 
N 3300 
Variance 1.5758092 
Skewness 1.7564982 
Kurtosis 3.9185044 
Autocorrelation 0.5238396 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 1.082166 1.03932 1.125011 0.950 
Std Dev 1.255312 1.225743 1.286355 0.950 
 
Test Mean 
    
Hypothesized Value 8 
Actual Estimate 1.08217 
DF 3299 
Std Dev 1.25531 
 
  t Test 
Test Statistic  -316.57 
Prob > |t| <.0001* 
Prob > t 1.0000 
Prob < t <.0001* 
 

 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 1.0821655 1.0393203 1.1250107 
Dispersion σ 1.2553124 1.2257426 1.2863546 
 
-2log(Likelihood) = 10864.7317018264 
 
Goodness-of-Fit Test 
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 KSL Test 
 
D   Prob>D 
0.194325   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
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Lime Kiln - Hinton Pulp 

 
Distributions 
Hinton LK TRS ppm 
 

 
 

 
 Normal(2.66665,1.85656) 
 
Quantiles 
      
100.0% maximum 18.067 
99.5%  8.33681 
97.5%  6.6754 
90.0%  5.15553 
75.0% quartile 3.84479 
50.0% median 2.43418 
25.0% quartile 1.23884 
10.0%  0.39938 
2.5%  0.01074 
0.5%  0 
0.0% minimum 0 
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Summary Statistics 
    
Mean 2.6666547 
Std Dev 1.8565595 
Std Err Mean 0.0229502 
Upper 95% Mean 2.7116447 
Lower 95% Mean 2.6216648 
N 6544 
Variance 3.4468131 
Skewness 0.8912396 
Kurtosis 2.0887198 
Autocorrelation 0.7631507 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 2.666655 2.621665 2.711645 0.950 
Std Dev 1.856559 1.82529 1.888926 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 2.6666547 2.6216648 2.7116447 
Dispersion σ 1.8565595 1.8252904 1.8889263 
 
-2log(Likelihood) = 26667.940794873 
 
Goodness-of-Fit Test 
 KSL Test 
 
D   Prob>D 
0.075452   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
 
Hinton LK 4 h interval 
Test Mean 
    
Hypothesized Value 10 
Actual Estimate 2.88541 
DF 4423 
Std Dev 1.97235 
 
  t Test 
Test Statistic  -239.92 
Prob > |t| <.0001* 
Prob > t 1.0000 
Prob < t <.0001* 
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Hinton LK 12 h interval data 
 
Test Mean 
    
Hypothesized Value 8 
Actual Estimate 2.21017 
DF 2119 
Std Dev 1.48816 
 
  t Test 
Test Statistic  -179.14 
Prob > |t| <.0001* 
Prob > t 1.0000 
Prob < t <.0001* 
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Lime Kiln – ANOVA/Kruskal Wallis 

 
Response Data 
Regression Plot 

 

 
 
Summary of Fit 
    
RSquare 0.15305 
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RSquare Adj 0.152731 
Root Mean Square Error 1.478211 
Mean of Response 2.309017 
Observations (or Sum Wgts) 18567 
 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 7 7328.297 1046.90 479.1069 
Error 18559 40553.389 2.19 Prob > F 
C. Total 18566 47881.686  <.0001* 
 
Parameter Estimates 

Term   Estimate Std Error t Ratio Prob>|t| 
Intercept  5.386471 0.833382 6.46 <.0001* 
Label[Alpac]  0.7273519 0.02171 33.50 <.0001* 
Label[GPP]   -1.156423 0.022199  -52.09 <.0001* 
Label[Hinton]  0.4176626 0.017532 23.82 <.0001* 
Date time   -9.44e-10 2.49e-10  -3.80 0.0001* 
Label[Alpac]*(Date time-3.35e+9)   -2.02e-9 4.59e-10  -4.40 <.0001* 
Label[GPP]*(Date time-3.35e+9)  1.9203e-9 4.68e-10 4.10 <.0001* 
Label[Hinton]*(Date time-3.35e+9)   -2.1e-9 3.91e-10  -5.38 <.0001* 

 
Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   
Label 3 3 6779.1354 1034.143 <.0001*  
Date time 1 1 31.5317 14.4303 0.0001*  
Label*Date time 3 3 163.0248 24.8691 <.0001*  
 
Effect Details 
Label 
Least Squares Means Table 
Level Least Sq Mean   Std Error Mean 
Alpac 2.9532686  0.02592789 2.91422 
GPP 1.0694936  0.02674365 1.08217 
Hinton 2.6435792  0.01855687 2.66665 
PRP 2.2373251  0.02076741 2.22776 
 
LSMeans Differences Tukey HSD 
α= 
0.050   Q= 
2.56926 
LSMean[i] By LSMean[j] 

Mean[i]-Mean[j] 
Std Err Dif 
Lower CL Dif 
Upper CL Dif 

Alpac GPP Hinton PRP 

Alpac 0 
0 

1.88377 
0.03725 

0.30969 
0.03188 

0.71594 
0.03322 
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0 
0 

1.78807 
1.97948 

0.22777 
0.39161 

0.63059 
0.80129 

GPP -1.8838 
0.03725 
-1.9795 
-1.7881 

0 
0 
0 
0 

-1.5741 
0.03255 
-1.6577 
-1.4905 

-1.1678 
0.03386 
-1.2548 
-1.0808 

Hinton -0.3097 
0.03188 
-0.3916 
-0.2278 

1.57409 
0.03255 
1.49045 
1.65772 

0 
0 
0 
0 

0.40625 
0.02785 
0.3347 
0.47781 

PRP -0.7159 
0.03322 
-0.8013 
-0.6306 

1.16783 
0.03386 
1.08084 
1.25483 

-0.4063 
0.02785 
-0.4778 
-0.3347 

0 
0 
0 
0 

 
 
Level             Least Sq Mean 
Alpac A         2.9532686 
Hinton   B       2.6435792 
PRP     C     2.2373251 
GPP       D   1.0694936 
 
Levels not connected by same letter are significantly different. 
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Oneway Analysis of Data By Label 

 
 
Missing Rows 
 

8233 

 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Expected 

Score 
Score Mean (Mean-Mean0)/Std0 

Alpac 3521 4.19e+7 3.27e+7 11888.5 32.031 
GPP 3300 1.55e+7 3.06e+7 4702.0  -54.156 
Hinton 6544 6.72e+7 6.08e+7 10261.6 18.336 
PRP 5202 4.78e+7 4.83e+7 9197.9  -1.365 
 
1-way Test, ChiSquare Approximation 
ChiSquare DF Prob>ChiSq 
3462.0775 3 <.0001* 
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Tests that the Variances are Equal 

 
 
Level Count Std Dev MeanAbsDif to 

Mean 
MeanAbsDif to 
Median 

Alpac 3521 1.249412 1.002039 0.998323 
GPP 3300 1.255312 0.955855 0.894658 
Hinton 6544 1.856559 1.487031 1.474812 
PRP 5202 1.201464 0.880184 0.843787 
 
Test F Ratio DFNum DFDen Prob > F 
O'Brien[.5] 217.7878 3 18563 <.0001* 
Brown-Forsythe 485.7594 3 18563 <.0001* 
Levene 518.7882 3 18563 <.0001* 
Bartlett 507.8669 3 . <.0001* 
 
Welch's Test 
Welch Anova testing Means Equal, allowing Std Devs Not Equal 
 
F Ratio DFNum DFDen Prob > F 
1392.1093 3 9366.9 <.0001* 
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Smelt Dissolving Tank Emissions - Alpac 

 
Distributions 
Alpac #111 (ppm) 
 

 
 

 
 Normal(12.7793,5.23144) 
 
Quantiles 
      
100.0% maximum 21 
99.5%  21 
97.5%  21 
90.0%  19.845 
75.0% quartile 17.37 
50.0% median 13.85 
25.0% quartile 8.9975 
10.0%  4.89 
2.5%  2.52 
0.5%  2.52 
0.0% minimum 2.52 
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Summary Statistics 
    
Mean 12.779333 
Std Dev 5.2314434 
Std Err Mean 0.9551265 
Upper 95% Mean 14.732786 
Lower 95% Mean 10.82588 
N 30 
Variance 27.368 
Skewness  -0.294453 
Kurtosis  -0.936919 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 12.77933 10.82588 14.73279 0.950 
Std Dev 5.231443 4.166358 7.032709 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 12.779333 10.82588 14.732786 
Dispersion σ 5.2314434 4.1663578 7.0327087 
 
-2log(Likelihood) = 183.417544918553 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.960129   0.3121 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
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Distributions 

Alpac #111 SDT (kg/h) 

 

 
 

 
 Normal(0.54443,0.26544) 
 
Quantiles 
      
100.0% maximum 1.07 
99.5%  1.07 
97.5%  1.07 
90.0%  0.884 
75.0% quartile 0.75525 
50.0% median 0.53 
25.0% quartile 0.2775 
10.0%  0.2109 
2.5%  0.113 
0.5%  0.113 
0.0% minimum 0.113 
 
Summary Statistics 
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Mean 0.5444333 
Std Dev 0.2654384 
Std Err Mean 0.0484622 
Upper 95% Mean 0.6435497 
Lower 95% Mean 0.445317 
N 30 
Variance 0.0704576 
Skewness 0.2118485 
Kurtosis  -0.883048 
Autocorrelation 0.5761178 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.544433 0.445317 0.64355 0.950 
Std Dev 0.265438 0.211397 0.356833 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.5444333 0.445317 0.6435497 
Dispersion σ 0.2654384 0.211397 0.3568329 
 
-2log(Likelihood) = 4.55397176467316 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.961517   0.3385 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 1.75 
Actual Estimate 0.54443 
DF 29 
Std Dev 0.26544 
 
  t Test 
Test Statistic  -24.876 
Prob > |t| <.0001* 
Prob > t 1.0000 
Prob < t <.0001* 
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Smelt Dissolving Tank Emissions- Peace River Pulp 
 
Distributions 
Peace River Pulp #115 (ppm) 
 

 
 

 
 Normal(11.2327,3.67807) 
 
Quantiles 
      
100.0% maximum 18.01 
99.5%  18.01 
97.5%  18.01 
90.0%  15.735 
75.0% quartile 14.2725 
50.0% median 11.57 
25.0% quartile 9.585 
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10.0%  5.011 
2.5%  3.6 
0.5%  3.6 
0.0% minimum 3.6 
 
Summary Statistics 
    
Mean 11.232667 
Std Dev 3.6780691 
Std Err Mean 0.6715205 
Upper 95% Mean 12.60608 
Lower 95% Mean 9.8592531 
N 30 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 11.23267 9.859253 12.60608 0.950 
Std Dev 3.678069 2.92924 4.944484 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 11.232667 9.8592531 12.60608 
Dispersion σ 3.6780691 2.9292398 4.9444842 
 
-2log(Likelihood) = 162.279587548122 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.956714   0.2547 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
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Distributions 
Peace River Pulp #115 (kg/h) 

 

 
 

 
 Normal(0.34547,0.10468) 
 
Quantiles 
      
100.0% maximum 0.511 
99.5%  0.511 
97.5%  0.511 
90.0%  0.4641 
75.0% quartile 0.4325 
50.0% median 0.368 
25.0% quartile 0.27975 
10.0%  0.1813 
2.5%  0.096 
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0.5%  0.096 
0.0% minimum 0.096 
 
Summary Statistics 
    
Mean 0.3454667 
Std Dev 0.1046761 
Std Err Mean 0.0191112 
Upper 95% Mean 0.3845534 
Lower 95% Mean 0.30638 
N 30 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.345467 0.30638 0.384553 0.950 
Std Dev 0.104676 0.083365 0.140718 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.3454667 0.30638 0.3845534 
Dispersion σ 0.1046761 0.0833648 0.1407177 
 
-2log(Likelihood) = -51.2767578500986 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.948429   0.1534 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 1.5 
Actual Estimate 0.34547 
DF 29 
Std Dev 0.10468 
 
  t Test 
Test Statistic  -60.411 
Prob > |t| <.0001* 
Prob > t 1.0000 
Prob < t <.0001* 
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Smelt Dissolving Tank Emissions- Hinton Pulp 
 
Distributions 
Hinton Pulp (ppm) SDT #2 
 

 
 

 
 Normal(23.6767,19.2402) 
 
Quantiles 
      
100.0% maximum 106.4 
99.5%  106.4 
97.5%  106.4 
90.0%  36.09 
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75.0% quartile 31.275 
50.0% median 21.1 
25.0% quartile 9.9 
10.0%  5.96 
2.5%  0.2 
0.5%  0.2 
0.0% minimum 0.2 
 
Summary Statistics 
    
Mean 23.676667 
Std Dev 19.240218 
Std Err Mean 3.5127671 
Upper 95% Mean 30.861082 
Lower 95% Mean 16.492251 
N 30 
Variance 370.18599 
Skewness 2.7552594 
Kurtosis 11.477862 
Autocorrelation 0.2352852 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 23.67667 16.49225 30.86108 0.950 
Std Dev 19.24022 15.32304 25.86492 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 23.676667 16.492251 30.861082 
Dispersion σ 19.240218 15.323043 25.864917 
 
-2log(Likelihood) = 261.556478521631 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.745706   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
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Distributions 
Hinton Pulp (kg/h) SDT #2 

 

 
 

 
 Normal(0.57633,0.49342) 
 
Quantiles 
      
100.0% maximum 2.77 
99.5%  2.77 
97.5%  2.77 
90.0%  0.909 
75.0% quartile 0.7525 
50.0% median 0.53 
25.0% quartile 0.255 
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10.0%  0.151 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 0.5763333 
Std Dev 0.4934221 
Std Err Mean 0.0900861 
Upper 95% Mean 0.7605802 
Lower 95% Mean 0.3920865 
N 30 
Variance 0.2434654 
Skewness 3.0779219 
Kurtosis 13.494265 
Autocorrelation 0.2464175 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.576333 0.392086 0.76058 0.950 
Std Dev 0.493422 0.392965 0.663315 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.5763333 0.3920865 0.7605802 
Dispersion σ 0.4934221 0.3929648 0.6633149 
 
-2log(Likelihood) = 41.752899045195 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.705406   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
 
 
 
 
 
 
 
 
 



FACTORS INFLUENCING ENVIRONMENTAL PERFORMANCE 243 
 

 

 
 
Distributions 

Hinton Pulp #99 (ppm) SDT #3 

 

 
 

 
 Normal(17.2,11.7126) 
 
Quantiles 
      
100.0% maximum 47.6 
99.5%  47.6 
97.5%  47.6 
90.0%  31.86 
75.0% quartile 26.75 
50.0% median 16.6 
25.0% quartile 5.9 
10.0%  2.62 
2.5%  1.2 
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0.5%  1.2 
0.0% minimum 1.2 
 
Summary Statistics 
    
Mean 17.2 
Std Dev 11.7126 
Std Err Mean 2.038902 
Upper 95% Mean 21.353107 
Lower 95% Mean 13.046893 
N 33 
Variance 137.185 
Skewness 0.4305222 
Kurtosis  -0.397057 
Autocorrelation 0.3471726 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 17.2 13.04689 21.35311 0.950 
Std Dev 11.7126 9.419146 15.49217 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 17.2 13.046893 21.353107 
Dispersion σ 11.7126 9.4191462 15.492174 
 
-2log(Likelihood) = 255.05384572718 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.939153   0.0642 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
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Distributions 
Hinton Pulp #99 (kg/h) SDT #3 

 

 
 

 
 Normal(0.55242,0.38386) 
 
Quantiles 
      
100.0% maximum 1.54 
99.5%  1.54 
97.5%  1.54 
90.0%  1.076 
75.0% quartile 0.85 
50.0% median 0.56 
25.0% quartile 0.19 
10.0%  0.09 
2.5%  0.05 
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0.5%  0.05 
0.0% minimum 0.05 
 
Summary Statistics 
    
Mean 0.5524242 
Std Dev 0.3838622 
Std Err Mean 0.0668218 
Upper 95% Mean 0.6885359 
Lower 95% Mean 0.4163126 
N 33 
Variance 0.1473502 
Skewness 0.5562659 
Kurtosis  -0.319537 
Autocorrelation 0.376979 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.552424 0.416313 0.688536 0.950 
Std Dev 0.383862 0.308698 0.507732 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.5524242 0.4163126 0.6885359 
Dispersion σ 0.3838622 0.3086978 0.5077318 
 
-2log(Likelihood) = 29.4568148041491 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.942115   0.0783 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
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Smelt Dissolving Tank Emissions (ppm)- ANOVA/Kruskal Wallis 

 
Response Data 
Whole Model 
Regression Plot 

 

 
 
 
Summary of Fit 
    
RSquare 0.288492 
RSquare Adj 0.245183 
Root Mean Square Error 10.87421 
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Mean of Response 16.24602 
Observations (or Sum Wgts) 123 
 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 7 5513.759 787.680 6.6612 
Error 115 13598.561 118.248 Prob > F 
C. Total 122 19112.320  <.0001* 
 
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 
Intercept   -226.5988 74.08948  -3.06 0.0028* 
Label[Alpac #111 (ppm)]   -3.432095 1.713139  -2.00 0.0475* 
Label[Hinton Pulp #99 (ppm) SDT #2]  7.3275903 1.713139 4.28 <.0001* 
Label[Hinton Pulp #99 (ppm) SDT #3]  1.1038534 1.660868 0.66 0.5076 
Year-Test  7.257e-8 2.214e-8 3.28 0.0014* 
Label[Alpac #111 (ppm)]*(Year-Test-3.35e+9)   -7.479e-8 3.846e-8  -1.94 0.0542 
Label[Hinton Pulp #99 (ppm) SDT #2]*(Year-Test-
3.35e+9) 

 1.285e-7 3.846e-8 3.34 0.0011* 

Label[Hinton Pulp #99 (ppm) SDT #3]*(Year-Test-
3.35e+9) 

  -9.326e-9 3.802e-8  -0.25 0.8067 

 
Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   
Label 3 3 2753.4174 7.7617 <.0001*  
Year-Test 1 1 1270.3221 10.7428 0.0014*  
Label*Year-Test 3 3 1444.9791 4.0733 0.0086*  
 
Label 
 
Least Squares Means Table 
Level Least Sq Mean   Std Error Mean 
Alpac #111 (ppm) 12.780838  1.9855776 12.7793 
Hinton Pulp #99 (ppm) SDT #2 23.540523  1.9855776 23.6767 
Hinton Pulp #99 (ppm) SDT #3 17.316786  1.8946763 17.2000 
Peace River Pulp #115 (ppm 11.213584  1.9855776 11.2327 
 
LSMeans Differences Tukey HSD 
α= 
0.050   Q= 
2.607 
LSMean[i] By LSMean[j] 

Mean[i]-Mean[j] 
Std Err Dif 
Lower CL Dif 
Upper CL Dif 

Alpac #111 
(ppm) 

Hinton Pulp 
#99 (ppm) 
SDT #2 

Hinton Pulp 
#99 (ppm) 
SDT #3 

Peace River 
Pulp #115 
(ppm 

Alpac #111 (ppm) 0 
0 

-10.76 
2.80803 

-4.5359 
2.74451 

1.56725 
2.80803 
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0 
0 

-18.08 
-3.4391 

-11.691 
2.61898 

-5.7533 
8.88779 

Hinton Pulp #99 (ppm) SDT #2 10.7597 
2.80803 
3.43915 
18.0802 

0 
0 
0 
0 

6.22374 
2.74451 
-0.9312 
13.3787 

12.3269 
2.80803 
5.0064 
19.6475 

Hinton Pulp #99 (ppm) SDT #3 4.53595 
2.74451 
-2.619 
11.6909 

-6.2237 
2.74451 
-13.379 
0.9312 

0 
0 
0 
0 

6.1032 
2.74451 
-1.0517 
13.2581 

Peace River Pulp #115 (ppm -1.5673 
2.80803 
-8.8878 
5.75329 

-12.327 
2.80803 
-19.647 
-5.0064 

-6.1032 
2.74451 
-13.258 
1.05173 

0 
0 
0 
0 

 
 
Level             Least Sq Mean 
Hinton Pulp #99 (ppm) SDT #2 A       23.540523 
Hinton Pulp #99 (ppm) SDT #3 A B     17.316786 
Alpac #111 (ppm)   B     12.780838 
Peace River Pulp #115 (ppm   B     11.213584 
 
Levels not connected by same letter are significantly different. 
 
 
 
Oneway Analysis of Data By Label 
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Missing Rows 
 

42 

 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 

Level Count Score Sum Expected 
Score 

Score Mean (Mean-Mean0)/Std0 

Alpac #111 (ppm) 30 1662.50 1860.00 55.4167  -1.160 
Hinton Pulp #99 (ppm) SDT #2 30 2388.00 1860.00 79.6000 3.107 
Hinton Pulp #99 (ppm) SDT #3 33 2158.00 2046.00 65.3939 0.636 
Peace River Pulp #115 (ppm 30 1417.50 1860.00 47.2500  -2.603 

 
1-way Test, ChiSquare Approximation 
ChiSquare DF Prob>ChiSq 
13.7690 3 0.0032* 
 
 
 
Tests that the Variances are Equal 

 
 
Level Count Std Dev MeanAbsDif to 

Mean 
MeanAbsDif to 
Median 

Alpac #111 (ppm) 30 5.23144 4.41071 4.36733 
Hinton Pulp #99 (ppm) SDT #2 30 19.24022 12.43511 12.30333 
Hinton Pulp #99 (ppm) SDT #3 33 11.71260 9.79394 9.76970 
Peace River Pulp #115 (ppm 30 3.67807 2.74613 2.70133 
 
Test F Ratio DFNum DFDen Prob > F 
O'Brien[.5] 1.9512 3 119 0.1251 
Brown-Forsythe 9.0570 3 119 <.0001* 
Levene 9.6242 3 119 <.0001* 
Bartlett 27.9541 3 . <.0001* 
 
Welch's Test 
Welch Anova testing Means Equal, allowing Std Devs Not Equal 
 
F Ratio DFNum DFDen Prob > F 
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F Ratio DFNum DFDen Prob > F 
6.2053 3 60.767 0.0010* 
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LVHC Vent – Alpac 
 
Distributions 
Alpac #111 (hours) 
 

 
 

 
 Normal(2.531,2.29432) 
 

 
 LogNormal(0.32942,1.34208) 
 
Quantiles 
      
100.0% maximum 11.1619 
99.5%  11.1619 
97.5%  9.68728 
90.0%  5.23425 
75.0% quartile 3.99931 
50.0% median 1.97542 
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25.0% quartile 0.66694 
10.0%  0.16789 
2.5%  0.03763 
0.5%  0.02611 
0.0% minimum 0.02611 
 
Summary Statistics 
    
Mean 2.531 
Std Dev 2.2943222 
Std Err Mean 0.2961957 
Upper 95% Mean 3.1236863 
Lower 95% Mean 1.9383137 
N 60 
Variance 5.2639145 
Skewness 1.3287522 
Kurtosis 2.3658412 
Autocorrelation  -0.203374 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 2.531 1.938314 3.123686 0.950 
Std Dev 2.294322 1.944746 2.798297 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 2.531 1.9383137 3.1236863 
Dispersion σ 2.2943222 1.9447456 2.7982975 
 
-2log(Likelihood) = 268.92512085214 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.879722   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 12 
Actual Estimate 2.531 
DF 59 
Std Dev 2.29432 
 
  t Test Signed-Rank 
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  t Test Signed-Rank 
Test Statistic  -31.969  -915.000 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
 

 
 
Fitted LogNormal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Scale μ 0.3294224  -0.015673 0.6745177 
Shape σ 1.3420791 1.1335616 1.6233266 
 
-2log(Likelihood) = 245.109712378169 
 
Goodness-of-Fit Test 
Kolmogorov's D 
 
D   Prob>D 
0.117086   0.0441* 
 
Note: Ho = The data is from the LogNormal distribution. Small p-values reject Ho. 
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Distributions 
Log Alpac 
 

 

 
 Normal(0.32942,1.3534) 
 

 
 GLog(5.21803,0.00364,368.811) 
 
Quantiles 
      
100.0% maximum 2.41251 
99.5%  2.41251 
97.5%  2.26032 
90.0%  1.65519 
75.0% quartile 1.38609 
50.0% median 0.68012 
25.0% quartile  -0.4053 
10.0%   -1.7905 
2.5%   -3.3251 
0.5%   -3.6454 
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0.0% minimum  -3.6454 
 
Summary Statistics 
    
Mean 0.3294224 
Std Dev 1.3534049 
Std Err Mean 0.1747238 
Upper 95% Mean 0.679044 
Lower 95% Mean  -0.020199 
N 60 
Variance 1.8317048 
Skewness  -1.00107 
Kurtosis 0.5392621 
Autocorrelation  -0.074715 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.329422  -0.0202 0.679044 0.950 
Std Dev 1.353405 1.147192 1.650696 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.3294224  -0.020199 0.679044 
Dispersion σ 1.3534049 1.1471921 1.6506964 
 
-2log(Likelihood) = 205.587449561615 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.918869   0.0007* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Fitted Generalized Logarithm 
Parameter Estimates 
Type Parameter Estimate 
Location μ 5.2180297 
Scale σ 0.0036389 
Shape λ 368.81077 
 
-2log(Likelihood) = 205.579107639534 
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LVHC Vent – Peace River Pulp 

 
Distributions 
Peace River Pulp #115 (hours) 
 

 
 

 
 Normal(2.56726,3.487) 
 
Quantiles 
      
100.0% maximum 15.3831 
99.5%  15.3831 
97.5%  15.3831 
90.0%  6.53425 
75.0% quartile 3.44778 
50.0% median 1.48 
25.0% quartile 0.10813 
10.0%  0 
2.5%  0 
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0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 2.5672639 
Std Dev 3.4869999 
Std Err Mean 0.4501697 
Upper 95% Mean 3.4680515 
Lower 95% Mean 1.6664763 
N 60 
Variance 12.159168 
Skewness 2.294358 
Kurtosis 5.7901184 
Autocorrelation  -0.124854 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 2.567264 1.666476 3.468051 0.950 
Std Dev 3.487 2.9557 4.252961 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 2.5672639 1.6664763 3.4680515 
Dispersion σ 3.4869999 2.9556998 4.252961 
 
-2log(Likelihood) = 319.157631341863 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.715752   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 8 
Actual Estimate 2.56726 
DF 59 
Std Dev 3.487 
 
  t Test Signed-Rank 
Test Statistic  -12.068  -824.000 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 



FACTORS INFLUENCING ENVIRONMENTAL PERFORMANCE 259 
 

 

  t Test Signed-Rank 
Prob < t <.0001* <.0001* 
 

 
 
 
 
LVHC Vent – Grande Prairie Pulp 
 
Distributions 
Grande Prairie Pulp #113 (hours) 
 



FACTORS INFLUENCING ENVIRONMENTAL PERFORMANCE 260 
 

 

 
 

 
 Normal(0.24394,0.80104) 
 
Quantiles 
      
100.0% maximum 5.80667 
99.5%  5.80667 
97.5%  3.69442 
90.0%  0.68892 
75.0% quartile 0.12708 
50.0% median 0.01403 
25.0% quartile 0 
10.0%  0 
2.5%  0 
0.5%  0 
0.0% minimum 0 
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Summary Statistics 
    
Mean 0.2439444 
Std Dev 0.8010398 
Std Err Mean 0.1034138 
Upper 95% Mean 0.450875 
Lower 95% Mean 0.0370139 
N 60 
Variance 0.6416648 
Skewness 6.03866 
Kurtosis 40.815305 
Autocorrelation 0.1576068 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.243944 0.037014 0.450875 0.950 
Std Dev 0.80104 0.678989 0.976998 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.2439444 0.0370139 0.450875 
Dispersion σ 0.8010398 0.6789886 0.9769978 
 
-2log(Likelihood) = 142.651272986984 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.318029   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
 
 
 
 
 
Test Mean 
    
Hypothesized Value 12 
Actual Estimate 0.24394 
DF 59 
Std Dev 0.80104 
 
  t Test Signed-Rank 
Test Statistic  -113.68  -915.000 
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  t Test Signed-Rank 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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LVHC Vent - Hinton Pulp Unscrubbed Venting 

 
 
Distributions 
Hinton Pulp #99 (hours) Unscrubbed LVHC venting 
 

 
 

 
 Normal(1.35448,1.80369) 
 
Quantiles 
      
100.0% maximum 6.88 
99.5%  6.88 
97.5%  6.8695 
90.0%  4.682 
75.0% quartile 1.57667 
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50.0% median 0.63 
25.0% quartile 0.1675 
10.0%  0.04 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 1.3544815 
Std Dev 1.8036873 
Std Err Mean 0.232855 
Upper 95% Mean 1.8204233 
Lower 95% Mean 0.8885397 
N 60 
Variance 3.2532878 
Skewness 1.8079976 
Kurtosis 2.4259953 
Autocorrelation 0.1127382 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 1.354481 0.88854 1.820423 0.950 
Std Dev 1.803687 1.528867 2.199889 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 1.3544815 0.8885397 1.8204233 
Dispersion σ 1.8036873 1.5288667 2.1998887 
 
-2log(Likelihood) = 240.052590147106 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.722679   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
 
Test Mean 
    
Hypothesized Value 8 
Actual Estimate 1.35448 
DF 59 
Std Dev 1.80369 
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  t Test Signed-Rank 
Test Statistic  -28.539  -915.000 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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LVHC Vent - Hinton Pulp Scrubbed Venting 

 
Distributions 
Hinton Pulp Scrubbed venting (hours) 
 

 
 

 
 Normal(8.02467,14.0215) 
 

 
 GLog(1.03192,1.5559,0.09894) 
 
Quantiles 
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100.0% maximum 83.88 
99.5%  83.88 
97.5%  66.2558 
90.0%  24.157 
75.0% quartile 7.7475 
50.0% median 3.215 
25.0% quartile 0.75 
10.0%  0.391 
2.5%  0.07875 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 8.0246667 
Std Dev 14.021457 
Std Err Mean 1.8101623 
Upper 95% Mean 11.646793 
Lower 95% Mean 4.4025402 
N 60 
Sum 481.48 
Variance 196.60126 
Skewness 3.5615806 
Autocorrelation 0.1836143 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 8.0246667 4.4025402 11.646793 
Dispersion σ 14.021457 11.885064 17.101438 
 
-2log(Likelihood) = 486.143280741853 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.561639   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Fitted Generalized Logarithm 
Parameter Estimates 
Type Parameter Estimate 
Location μ 1.0319183 
Scale σ 1.5558991 
Shape λ 0.0989391 
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-2log(Likelihood) = 349.297046402429 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.986850   0.7654 
 
Note: Ho = The data is from the GLog distribution. Small p-values reject Ho. 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 8.024667 4.40254 11.64679 0.950 
Std Dev 14.02146 11.88506 17.10144 0.950 
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LVHC Vent – ANOVA/Kruskal Wallis 

 
 
Regression Plot 

 

 
 
 
Summary of Fit 
    
RSquare 0.152108 
RSquare Adj 0.125794 
Root Mean Square Error 6.625467 
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Mean of Response 2.944271 
Observations (or Sum Wgts) 300 
 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 9 2283.715 253.746 5.7805 
Error 290 12730.076 43.897 Prob > F 
C. Total 299 15013.791  <.0001* 
 
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 
Intercept   -25.57448 28.22308  -0.91 0.3656 
Label[Alpac]   -0.413271 0.765043  -0.54 0.5895 
Label[Grande Prairie Pulp]   -2.700327 0.765043  -3.53 0.0005* 
Label[Hinton Pulp Scrubbed]  5.0803954 0.765043 6.64 <.0001* 
Label[Hinton Pulp Unscrubbed]   -1.58979 0.765043  -2.08 0.0386* 
Date  8.4889e-9 8.4e-9 1.01 0.3131 
Label[Alpac]*(Date-3.36e+9)   -1.206e-8 1.68e-8  -0.72 0.4735 
Label[Grande Prairie Pulp]*(Date-3.36e+9)   -7.041e-9 1.68e-8  -0.42 0.6755 
Label[Hinton Pulp Scrubbed]*(Date-3.36e+9)  1.7613e-8 1.68e-8 1.05 0.2953 
Label[Hinton Pulp Unscrubbed]*(Date-3.36e+9)   -8.074e-9 1.68e-8  -0.48 0.6312 
 
Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   
Label 4 4 2156.5525 12.2819 <.0001*  
Date 1 1 44.8296 1.0212 0.3131  
Label*Date 4 4 82.3325 0.4689 0.7586  
 
Label 
 
Least Squares Means Table 
Level Least Sq Mean   Std Error Mean 
Alpac 2.5310000  0.85534413 2.53100 
Grande Prairie Pulp 0.2439444  0.85534413 0.24394 
Hinton Pulp Scrubbed 8.0246667  0.85534413 8.02467 
Hinton Pulp Unscrubbed 1.3544815  0.85534413 1.35448 
Peace River Pulp 2.5672639  0.85534413 2.56726 
 
LSMeans Differences Tukey HSD 
α= 
0.050   Q= 
2.74503 
LSMean[i] By LSMean[j] 

Mean[i]-Mean[j] 
Std Err Dif 
Lower CL Dif 
Upper CL Dif 

Alpac Grande 
Prairie 
Pulp 

Hinton 
Pulp 
Scrubbed 

Hinton 
Pulp 
Unscrubbe
d 

Peace 
River Pulp 

Alpac 0 2.28706 -5.4937 1.17652 -0.0363 
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0 
0 
0 

1.20964 
-1.0334 
5.60755 

1.20964 
-8.8142 
-2.1732 

1.20964 
-2.144 
4.49701 

1.20964 
-3.3568 
3.28423 

Grande Prairie Pulp -2.2871 
1.20964 
-5.6075 
1.03344 

0 
0 
0 
0 

-7.7807 
1.20964 
-11.101 
-4.4602 

-1.1105 
1.20964 
-4.431 
2.20996 

-2.3233 
1.20964 
-5.6438 
0.99717 

Hinton Pulp Scrubbed 5.49367 
1.20964 
2.17317 
8.81416 

7.78072 
1.20964 
4.46023 
11.1012 

0 
0 
0 
0 

6.67019 
1.20964 
3.34969 
9.99068 

5.4574 
1.20964 
2.13691 
8.7779 

Hinton Pulp Unscrubbed -1.1765 
1.20964 
-4.497 
2.14398 

1.11054 
1.20964 
-2.21 
4.43103 

-6.6702 
1.20964 
-9.9907 
-3.3497 

0 
0 
0 
0 

-1.2128 
1.20964 
-4.5333 
2.10771 

Peace River Pulp 0.03626 
1.20964 
-3.2842 
3.35676 

2.32332 
1.20964 
-0.9972 
5.64381 

-5.4574 
1.20964 
-8.7779 
-2.1369 

1.21278 
1.20964 
-2.1077 
4.53328 

0 
0 
0 
0 

 
 
Level             Least Sq Mean 
Hinton Pulp Scrubbed A       8.0246667 
Peace River Pulp   B     2.5672639 
Alpac   B     2.5310000 
Hinton Pulp Unscrubbed   B     1.3544815 
Grande Prairie Pulp   B     0.2439444 
 
Levels not connected by same letter are significantly different. 
 
Oneway Analysis of Data By Label 
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Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Expected 

Score 
Score Mean (Mean-

Mean0)/Std0 
Alpac 61 11386.5 9333.00 186.664 3.335 
Grande Prairie Pulp 61 3911.00 9333.00 64.115  -8.806 
Hinton Pulp Scrubbed 61 12981.5 9333.00 212.811 5.926 
Hinton Pulp Unscrubbed 61 8607.00 9333.00 141.098  -1.178 
Peace River Pulp 61 9779.00 9333.00 160.311 0.724 
 
1-way Test, ChiSquare Approximation 
ChiSquare DF Prob>ChiSq 
100.5826 4 <.0001* 
 
 
 
Tests that the Variances are Equal 
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Level Count Std Dev MeanAbsDif to 
Mean 

MeanAbsDif to 
Median 

Alpac 61 19.25451 5.26423 4.21576 
Grande Prairie Pulp 61 2.00671 0.74248 0.47789 
Hinton Pulp Scrubbed 61 62.19387 20.81456 14.47295 
Hinton Pulp Unscrubbed 61 10.38714 3.33489 2.43776 
Peace River Pulp 61 19.69941 6.08981 4.69517 
 
Test F Ratio DFNum DFDen Prob > F 
O'Brien[.5] 0.9941 4 300 0.4110 
Brown-Forsythe 1.9156 4 300 0.1078 
Levene 4.4617 4 300 0.0016* 
Bartlett 120.0874 4 . <.0001* 
 
Welch's Test 
Welch Anova testing Means Equal, allowing Std Devs Not Equal 
 
F Ratio DFNum DFDen Prob > F 
3.0679 4 123.33 0.0190* 
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HVLC Vent – Alpac 
 
Distributions 
Alpac #111 (hours) 
 
 
 

 
 

 
 Normal(1.82954,2.26777) 
 

 
 GLog(-0.2038,1.43264,0) 
 
Quantiles 
      
100.0% maximum 8.90389 
99.5%  8.90389 
97.5%  8.58889 
90.0%  5.15736 
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75.0% quartile 2.54403 
50.0% median 0.89194 
25.0% quartile 0.32076 
10.0%  0.11061 
2.5%  0.02448 
0.5%  0.015 
0.0% minimum 0.015 
 
Summary Statistics 
    
Mean 1.8295417 
Std Dev 2.2677681 
Std Err Mean 0.2927676 
Upper 95% Mean 2.4153683 
Lower 95% Mean 1.243715 
N 60 
Variance 5.1427722 
Skewness 1.8988952 
Kurtosis 3.0442773 
Autocorrelation  -0.084604 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 1.829542 1.243715 2.415368 0.950 
Std Dev 2.267768 1.922237 2.76591 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 1.8295417 1.243715 2.4153683 
Dispersion σ 2.2677681 1.9222375 2.7659104 
 
-2log(Likelihood) = 267.528160411252 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.735458   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
 
Fitted Generalized Logarithm 
Parameter Estimates 
Type Parameter Estimate 
Location μ  -0.203809 
Scale σ 1.4326354 
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Type Parameter Estimate 
Shape λ 0 
 
-2log(Likelihood) = 188.957442859206 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.975211   0.2602 
 
Note: Ho = The data is from the GLog distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 12 
Actual Estimate 1.82954 
DF 59 
Std Dev 2.26777 
 
  t Test Signed-Rank 
Test Statistic  -34.739  -915.000 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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HVLC Vent – Peace River Pulp 

 
Distributions 
Peace River Pulp #115 (hours) 
 

 
 

 
 Normal(10.1228,9.57696) 
 

 
 GLog(0.2534,5.93832,9.47e-9) 
 
Quantiles 
      
100.0% maximum 60.4831 
99.5%  60.4831 
97.5%  42.0907 
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90.0%  21.2693 
75.0% quartile 14.7569 
50.0% median 8.53347 
25.0% quartile 3.52521 
10.0%  0.22014 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 10.122796 
Std Dev 9.5769602 
Std Err Mean 1.2363802 
Upper 95% Mean 12.596787 
Lower 95% Mean 7.6488051 
N 60 
Variance 91.718167 
Skewness 2.5830762 
Kurtosis 11.809978 
Autocorrelation 0.0476488 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 10.1228 7.648805 12.59679 0.950 
Std Dev 9.57696 8.117758 11.68065 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 10.122796 7.6488051 12.596787 
Dispersion σ 9.5769602 8.1177576 11.680654 
 
-2log(Likelihood) = 440.395852296657 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.789646   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
 
 
Fitted Generalized Logarithm 
Parameter Estimates 
Type Parameter Estimate 
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Type Parameter Estimate 
Location μ 0.2533996 
Scale σ 5.9383159 
Shape λ 9.4672e-9 
 
-2log(Likelihood) = 421.383111634555 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.451343   <.0001* 
 
Note: Ho = The data is from the GLog distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 24 
Actual Estimate 10.1228 
DF 59 
Std Dev 9.57696 
 
  t Test Signed-Rank 
Test Statistic  -11.224  -853.000 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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HVLC Vent – Grande Prairie Pulp 

 
Distributions 
Grande Prairie Pulp #113 (hours) 
 

 
 

 
 Normal(1.97809,2.02035) 
 
Quantiles 
      
100.0% maximum 7.10833 
99.5%  7.10833 
97.5%  6.97708 
90.0%  5.0875 
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75.0% quartile 3.73313 
50.0% median 1.36833 
25.0% quartile 0.15625 
10.0%  0 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 1.978088 
Std Dev 2.0203536 
Std Err Mean 0.2608265 
Upper 95% Mean 2.5000006 
Lower 95% Mean 1.4561753 
N 60 
Variance 4.0818288 
Skewness 0.8125615 
Kurtosis  -0.442189 
Autocorrelation 0.0416915 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 1.978088 1.4561753 2.5000006 
Dispersion σ 2.0203536 1.7125205 2.4641484 
 
-2log(Likelihood) = 253.665330969201 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.868268   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 1.978088 1.456175 2.500001 0.950 
Std Dev 2.020354 1.712521 2.464148 0.950 
 
 
 
 
 
Test Mean 
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Hypothesized Value 8 
Actual Estimate 1.97809 
DF 59 
Std Dev 2.02035 
 
  t Test Signed-Rank 
Test Statistic  -23.088  -915.000 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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HVLC Vent - Hinton Pulp 

 
Distributions 
Hinton Pulp #99 (hours) 
 

 
 

 
 Normal(3.83483,3.47149) 
 

 
 GLog(0.92527,1.01122,0.58945) 
 
Quantiles 
      
100.0% maximum 14.58 
99.5%  14.58 
97.5%  13.7715 
90.0%  9.321 
75.0% quartile 5.935 
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50.0% median 2.57 
25.0% quartile 1.3825 
10.0%  0.269 
2.5%  0.0525 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 3.8348333 
Std Dev 3.4714943 
Std Err Mean 0.448168 
Upper 95% Mean 4.7316154 
Lower 95% Mean 2.9380513 
N 60 
Variance 12.051273 
Skewness 1.2239404 
Kurtosis 1.0577932 
Autocorrelation  -0.076773 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 3.834833 2.938051 4.731615 0.950 
Std Dev 3.471494 2.942557 4.234049 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 3.8348333 2.9380513 4.7316154 
Dispersion σ 3.4714943 2.9425568 4.2340495 
 
-2log(Likelihood) = 318.622841103843 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.876436   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
 
 
 
 
Fitted Generalized Logarithm 
Parameter Estimates 
Type Parameter Estimate 
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Type Parameter Estimate 
Location μ 0.9252714 
Scale σ 1.0112151 
Shape λ 0.5894517 
 
-2log(Likelihood) = 291.564070362041 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.965067   0.0835 
 
Note: Ho = The data is from the GLog distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 15 
Actual Estimate 3.83483 
DF 59 
Std Dev 3.47149 
 
  t Test Signed-Rank 
Test Statistic  -24.913  -915.000 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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HVLC Vent – ANOVA/Kruskal Wallis 

 
 
Response Data 
Whole Model 
Regression Plot 

 

 
 
 
Summary of Fit 
    
RSquare 0.325147 
RSquare Adj 0.304785 
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Root Mean Square Error 5.228738 
Mean of Response 4.441315 
Observations (or Sum Wgts) 240 
 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 7 3055.9906 436.570 15.9684 
Error 232 6342.8116 27.340 Prob > F 
C. Total 239 9398.8022  <.0001* 
 
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 
Intercept  50.531143 24.90232 2.03 0.0436* 
Label[Alpac]   -2.611773 0.584591  -4.47 <.0001* 
Label[Grande Prairie Pulp]   -2.463227 0.584591  -4.21 <.0001* 
Label[Hinton Pulp]   -0.606481 0.584591  -1.04 0.3006 
Date   -1.372e-8 7.412e-9  -1.85 0.0654 
Label[Alpac]*(Date-3.36e+9)  1.2488e-8 1.284e-8 0.97 0.3317 
Label[Grande Prairie Pulp]*(Date-3.36e+9)  6.8958e-9 1.284e-8 0.54 0.5917 
Label[Hinton Pulp]*(Date-3.36e+9)  1.7313e-8 1.284e-8 1.35 0.1788 
 
Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   
Label 3 3 2732.1538 33.3112 <.0001*  
Date 1 1 93.6708 3.4262 0.0654  
Label*Date 3 3 230.1660 2.8062 0.0404*  
 
Label 
 
Least Squares Means Table 
Level Least Sq Mean   Std Error Mean 
Alpac 1.829542  0.67502722 1.8295 
Grande Prairie Pulp 1.978088  0.67502722 1.9781 
Hinton Pulp 3.834833  0.67502722 3.8348 
Peace River Pulp 10.122796  0.67502722 10.1228 
 
LSMeans Differences Tukey HSD 
α= 
0.050   Q= 
2.58777 
LSMean[i] By LSMean[j] 

Mean[i]-Mean[j] 
Std Err Dif 
Lower CL Dif 
Upper CL Dif 

Alpac Grande 
Prairie 
Pulp 

Hinton 
Pulp 

Peace 
River Pulp 

Alpac 0 
0 
0 

-0.1485 
0.95463 
-2.6189 

-2.0053 
0.95463 
-4.4757 

-8.2933 
0.95463 
-10.764 
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0 2.32182 0.46508 -5.8229 

Grande Prairie Pulp 0.14855 
0.95463 
-2.3218 
2.61891 

0 
0 
0 
0 

-1.8567 
0.95463 
-4.3271 
0.61362 

-8.1447 
0.95463 
-10.615 
-5.6743 

Hinton Pulp 2.00529 
0.95463 
-0.4651 
4.47566 

1.85675 
0.95463 
-0.6136 
4.32711 

0 
0 
0 
0 

-6.288 
0.95463 
-8.7583 
-3.8176 

Peace River Pulp 8.29325 
0.95463 
5.82289 
10.7636 

8.14471 
0.95463 
5.67434 
10.6151 

6.28796 
0.95463 
3.81759 
8.75833 

0 
0 
0 
0 

 
 
Level             Least Sq Mean 
Peace River Pulp A       10.122796 
Hinton Pulp   B     3.834833 
Grande Prairie Pulp   B     1.978088 
Alpac   B     1.829542 
 
Levels not connected by same letter are significantly different. 
 
 
 
 
 
Oneway Analysis of Data By Label 
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Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Expected 

Score 
Score Mean (Mean-Mean0)/Std0 

Alpac 60 5276.00 7230.00 87.933  -4.195 
Grande Prairie Pulp 60 5433.50 7230.00 90.558  -3.857 
Hinton Pulp 60 7763.00 7230.00 129.383 1.144 
Peace River Pulp 60 10447.5 7230.00 174.125 6.909 
 
1-way Test, ChiSquare Approximation 
ChiSquare DF Prob>ChiSq 
61.1591 3 <.0001* 
 
Tests that the Variances are Equal 

 
 
Level Count Std Dev MeanAbsDif to 

Mean 
MeanAbsDif to 
Median 

Alpac 60 2.267768 1.640700 1.475273 
Grande Prairie Pulp 60 2.020354 1.714862 1.669468 
Hinton Pulp 60 3.471494 2.783628 2.584500 
Peace River Pulp 60 9.576960 6.766205 6.690250 
 
Test F Ratio DFNum DFDen Prob > F 
O'Brien[.5] 3.8789 3 236 0.0098* 
Brown-Forsythe 23.3594 3 236 <.0001* 
Levene 26.5394 3 236 <.0001* 
Bartlett 64.6819 3 . <.0001* 
 
Welch's Test 
Welch Anova testing Means Equal, allowing Std Devs Not Equal 
 
F Ratio DFNum DFDen Prob > F 
18.3587 3 124.55 <.0001* 
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Condensate Stripper – Alpac 

 
No emissions 
 
 

 

 

 

 

 

 

Condensate Stripper – Peace River Pulp 

 
Distributions 
Peace River Pulp #115 (hours) 
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 Normal(1.3148,1.85735) 
 
Quantiles 
      
100.0% maximum 8.50389 
99.5%  8.50389 
97.5%  7.27699 
90.0%  4.41169 
75.0% quartile 2.01882 
50.0% median 0.46444 
25.0% quartile 0.01694 
10.0%  0 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 1.3148009 
Std Dev 1.8573514 
Std Err Mean 0.239783 
Upper 95% Mean 1.7946057 
Lower 95% Mean 0.8349962 
N 60 
Sum 78.888056 
Variance 3.4497542 
Skewness 1.8388577 
Autocorrelation  -0.196897 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 1.314801 0.834996 1.794606 0.950 
Std Dev 1.857351 1.574354 2.265341 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 1.3148009 0.8349962 1.7946057 
Dispersion σ 1.8573514 1.5743543 2.2653408 
 
-2log(Likelihood) = 243.570803110044 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.737944   <.0001* 
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Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 8 
Actual Estimate 1.3148 
DF 59 
Std Dev 1.85735 
 
  t Test Signed-Rank 
Test Statistic  -27.880  -914.000 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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Condensate Stripper – Grande Prairie Pulp 

 
Distributions 
Grande Prairie Pulp #113 (hours) 
 

 
 

 
 Normal(0.11446,0.18103) 
 
Quantiles 
      
100.0% maximum 1.07667 
99.5%  1.07667 
97.5%  0.84538 
90.0%  0.3075 
75.0% quartile 0.16896 
50.0% median 0.04194 
25.0% quartile 0.00042 
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10.0%  0 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 0.114463 
Std Dev 0.1810341 
Std Err Mean 0.0233714 
Upper 95% Mean 0.161229 
Lower 95% Mean 0.0676969 
N 60 
Sum 6.8677778 
Variance 0.0327734 
Skewness 3.2319691 
Autocorrelation 0.1890726 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.114463 0.067697 0.161229 0.950 
Std Dev 0.181034 0.153451 0.2208 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.114463 0.0676969 0.161229 
Dispersion σ 0.1810341 0.1534507 0.2208005 
 
-2log(Likelihood) = -35.8157291657739 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.640472   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
 
Test Mean 
    
Hypothesized Value 12 
Actual Estimate 0.11446 
DF 59 
Std Dev 0.18103 
 
  t Test Signed-Rank 



FACTORS INFLUENCING ENVIRONMENTAL PERFORMANCE 295 
 

 

  t Test Signed-Rank 
Test Statistic  -508.55  -915.000 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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Condensate Stripper - Hinton Pulp 

 
 
Distributions 
Hinton Pulp #99 (hours) 
 

 
 

 
 Normal(0.2595,0.25175) 
 

 
 GLog(-1.7083,0.90675,0.05506) 
 
Quantiles 
    
100.0% maximum 1.4 
99.5%  1.4 
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97.5%  1.1165 
90.0%  0.51 
75.0% quartile 0.4 
50.0% median 0.165 
25.0% quartile 0.09 
10.0%  0.031 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
   
Mean 0.2595 
Std Dev 0.2517493 
Std Err Mean 0.0325007 
Upper 95% Mean 0.3245337 
Lower 95% Mean 0.1944663 
N 60 
Sum 15.57 
Variance 0.0633777 
Skewness 2.0956486 
Autocorrelation 0.2054911 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.2595 0.1944663 0.3245337 
Dispersion σ 0.2517493 0.2133913 0.307049 
 
-2log(Likelihood) = 3.75404235097564 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 

W   Prob<W 
0.806290   <.0001* 

 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Fitted Generalized Logarithm 
Parameter Estimates 
Type Parameter Estimate 
Location μ  -1.708285 
Scale σ 0.9067518 
Shape λ 0.055064 
 
-2log(Likelihood) = -36.2286747415173 
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Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 

W   Prob<W 
0.979957   0.4267 

 
Note: Ho = The data is from the GLog distribution. Small p-values reject Ho. 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.2595 0.194466 0.324534 0.950 
Std Dev 0.251749 0.213391 0.307049 0.950 
 
Test Mean 
   
Hypothesized Value 4 
Actual Estimate 0.2595 
DF 59 
Std Dev 0.25175 
 
  t Test Signed-Rank 
Test Statistic  -115.09  -915.000 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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Condensate Stripper – ANOVA/Kruskal Wallis 

 
Regression Plot 
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Summary of Fit 
    
RSquare 0.227621 
RSquare Adj 0.205426 
Root Mean Square Error 1.075788 
Mean of Response 0.562921 
Observations (or Sum Wgts) 180 
 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 5 59.34499 11.8690 10.2556 
Error 174 201.37356 1.1573 Prob > F 
C. Total 179 260.71855  <.0001* 
 
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 
Intercept   -9.23714 5.916146  -1.56 0.1203 
Label[Grande Prairie Pulp]   -0.448458 0.113398  -3.95 0.0001* 
Label[Hinton Pulp]   -0.303421 0.113398  -2.68 0.0082* 
Date  2.9171e-9 1.761e-9 1.66 0.0994 
Label[Grande Prairie Pulp]*(Date-3.36e+9)   -3.006e-9 2.49e-9  -1.21 0.2290 
Label[Hinton Pulp]*(Date-3.36e+9)   -1.953e-9 2.49e-9  -0.78 0.4340 
 
Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   
Label 2 2 51.510140 22.2541 <.0001*  
Date 1 1 3.176237 2.7445 0.0994  
Label*Date 2 2 4.658618 2.0127 0.1367  
 
Label 
 
Least Squares Means Table 
Level Least Sq Mean   Std Error Mean 
Grande Prairie Pulp 0.1144630  0.13888360 0.11446 
Hinton Pulp 0.2595000  0.13888360 0.25950 
Peace River Pulp 1.3148009  0.13888360 1.31480 
 
LSMeans Differences Tukey HSD 
α= 
0.050   Q= 
2.36399 
LSMean[i] By LSMean[j] 

Mean[i]-Mean[j] 
Std Err Dif 
Lower CL Dif 
Upper CL Dif 

Grande 
Prairie 
Pulp 

Hinton 
Pulp 

Peace 
River Pulp 

Grande Prairie Pulp 0 
0 
0 

-0.145 
0.19641 
-0.6094 

-1.2003 
0.19641 
-1.6647 
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0 0.31928 -0.736 

Hinton Pulp 0.14504 
0.19641 
-0.3193 
0.60935 

0 
0 
0 
0 

-1.0553 
0.19641 
-1.5196 
-0.591 

Peace River Pulp 1.20034 
0.19641 
0.73602 
1.66465 

1.0553 
0.19641 
0.59099 
1.51961 

0 
0 
0 
0 

 
 
Level             Least Sq Mean 
Peace River Pulp A       1.3148009 
Hinton Pulp   B     0.2595000 
Grande Prairie Pulp   B     0.1144630 
 
Levels not connected by same letter are significantly different. 
 
 
 
Oneway Analysis of Data By Label 

 
 
Missing Rows 
 

60 

 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Expected 

Score 
Score Mean (Mean-Mean0)/Std0 
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Level Count Score Sum Expected 
Score 

Score Mean (Mean-Mean0)/Std0 

Grande Prairie Pulp 60 3782.00 5430.00 63.033  -5.011 
Hinton Pulp 60 5887.00 5430.00 98.117 1.389 
Peace River Pulp 60 6621.00 5430.00 110.350 3.621 
 
1-way Test, ChiSquare Approximation 
ChiSquare DF Prob>ChiSq 
26.7880 2 <.0001* 
 
Tests that the Variances are Equal 

 
 
Level Count Std Dev MeanAbsDif to 

Mean 
MeanAbsDif to 
Median 

Grande Prairie Pulp 60 0.181034 0.116507 0.102972 
Hinton Pulp 60 0.251749 0.187367 0.173167 
Peace River Pulp 60 1.857351 1.406299 1.204764 
 
Test F Ratio DFNum DFDen Prob > F 
O'Brien[.5] 11.4462 2 177 <.0001* 
Brown-Forsythe 24.6519 2 177 <.0001* 
Levene 63.7162 2 177 <.0001* 
Bartlett 159.2808 2 . <.0001* 
 
Welch's Test 
Welch Anova testing Means Equal, allowing Std Devs Not Equal 
 
F Ratio DFNum DFDen Prob > F 
17.8935 2 101.91 <.0001* 
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Smelt Dissolving Tank Scrubber Downtime - Alpac 

 
Distributions 
Alpac #111 (hours) 
 

 
 

 
 Normal(0.19433,0.81156) 
 
Quantiles 
      
100.0% maximum 6.05306 
99.5%  6.05306 
97.5%  3.58235 
90.0%  0.40994 
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75.0% quartile 0.06667 
50.0% median 0 
25.0% quartile 0 
10.0%  0 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 0.1943287 
Std Dev 0.8115622 
Std Err Mean 0.1047722 
Upper 95% Mean 0.4039775 
Lower 95% Mean  -0.01532 
N 60 
Sum 11.659722 
Variance 0.6586332 
Skewness 6.6797138 
Autocorrelation  -0.045184 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.194329  -0.01532 0.403977 0.950 
Std Dev 0.811562 0.687908 0.989832 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.1943287  -0.01532 0.4039775 
Dispersion σ 0.8115622 0.6879078 0.9898316 
 
-2log(Likelihood) = 144.217317839765 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.244985   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
 
 
 
 
 
Test Mean 
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Hypothesized Value 12 
Actual Estimate 0.19433 
DF 59 
Std Dev 0.81156 
 
  t Test Signed-Rank 
Test Statistic  -112.68  -915.000 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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Smelt Dissolving Tank Scrubber Downtime- Peace River Pulp 

 
Distributions 
Peace River Pulp #115 (hours) 
 

 
 

 
 Normal(0.00639,0.03858) 
 
Quantiles 
      
100.0% maximum 0.28333 
99.5%  0.28333 
97.5%  0.18708 
90.0%  0 
75.0% quartile 0 
50.0% median 0 
25.0% quartile 0 
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10.0%  0 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 0.0063889 
Std Dev 0.0385827 
Std Err Mean 0.004981 
Upper 95% Mean 0.0163558 
Lower 95% Mean  -0.003578 
N 60 
Variance 0.0014886 
Skewness 6.7302478 
Kurtosis 47.303552 
Autocorrelation  -0.007739 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.006389  -0.00358 0.016356 0.950 
Std Dev 0.038583 0.032704 0.047058 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.0063889  -0.003578 0.0163558 
Dispersion σ 0.0385827 0.032704 0.0470578 
 
-2log(Likelihood) = -221.321637268608 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.159835   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 8 
Actual Estimate 0.00639 
DF 59 
Std Dev 0.03858 
 
  t Test Signed-Rank 
Test Statistic  -1604.8  -915.000 
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  t Test Signed-Rank 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
 

 
 
 

Smelt Dissolving Tank Scrubber Downtime- Grande Prairie Pulp 

  
No emissions 
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Smelt Dissolving Tank Scrubber Downtime- Hinton Pulp SDT #2 

 
Distributions 
Hinton Pulp #99 #2 SDT (hours) 2 
 

 
 

 
 Normal(0.585,1.379) 
 
Quantiles 
      
100.0% maximum 6.5 
99.5%  6.5 
97.5%  5.975 
90.0%  2.59 
75.0% quartile 0.225 
50.0% median 0 
25.0% quartile 0 
10.0%  0 
2.5%  0 
0.5%  0 
0.0% minimum 0 
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Summary Statistics 
    
Mean 0.585 
Std Dev 1.378998 
Std Err Mean 0.1780279 
Upper 95% Mean 0.941233 
Lower 95% Mean 0.228767 
N 60 
Variance 1.9016356 
Skewness 2.7727868 
Kurtosis 7.687503 
Autocorrelation  -0.171219 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.585 0.228767 0.941233 0.950 
Std Dev 1.378998 1.168886 1.681911 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.585 0.228767 0.941233 
Dispersion σ 1.378998 1.1688857 1.6819114 
 
-2log(Likelihood) = 207.835485248586 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.500243   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 8 
Actual Estimate 0.585 
DF 59 
Std Dev 1.379 
 
  t Test Signed-Rank 
Test Statistic  -41.651  -915.000 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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Smelt Dissolving Tank Scrubber Downtime- Hinton Pulp SDT #3 
 
Distributions 
Hinton Pulp #99 #3 SDT (hours)  
 

 
 

 
 Normal(0.57167,1.39285) 
 
Quantiles 
      
100.0% maximum 7.5 
99.5%  7.5 
97.5%  5.6625 
90.0%  3 
75.0% quartile 0 
50.0% median 0 
25.0% quartile 0 
10.0%  0 
2.5%  0 
0.5%  0 
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0.0% minimum 0 
 
Summary Statistics 
    
Mean 0.5716667 
Std Dev 1.39285 
Std Err Mean 0.1798162 
Upper 95% Mean 0.931478 
Lower 95% Mean 0.2118554 
N 60 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.571667 0.211855 0.931478 0.950 
Std Dev 1.39285 1.180627 1.698806 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.5716667 0.2118554 0.931478 
Dispersion σ 1.39285 1.1806271 1.6988061 
 
-2log(Likelihood) = 209.034863395801 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.476988   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 8 
Actual Estimate 0.57167 
DF 59 
Std Dev 1.39285 
 
  t Test Signed-Rank 
Test Statistic  -41.311  -915.000 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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Smelt Dissolving Tank Scrubber Downtime – ANOVA/Kruskal Wallis 
 
Regression Plot 

 

 
 
 
Summary of Fit 
    
RSquare 0.089521 
RSquare Adj 0.062049 
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Root Mean Square Error 1.04897 
Mean of Response 0.339346 
Observations (or Sum Wgts) 240 
 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 7 25.09966 3.58567 3.2587 
Error 232 255.27842 1.10034 Prob > F 
C. Total 239 280.37808  0.0026* 
 
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 
Intercept   -7.184716 4.99581  -1.44 0.1517 
Label[Alpac]   -0.145017 0.117278  -1.24 0.2175 
Label[Hinton Pulp #2 SDT]  0.2456539 0.117278 2.09 0.0373* 
Label[Hinton Pulp #3 SDT]  0.2323206 0.117278 1.98 0.0488* 
Date  2.2396e-9 1.487e-9 1.51 0.1334 
Label[Alpac]*(Date-3.36e+9)  1.67e-9 2.575e-9 0.65 0.5173 
Label[Hinton Pulp #2 SDT]*(Date-3.36e+9)   -4.798e-9 2.575e-9  -1.86 0.0637 
Label[Hinton Pulp #3 SDT]*(Date-3.36e+9)  5.5788e-9 2.575e-9 2.17 0.0313* 
 
Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   
Label 3 3 14.772554 4.4752 0.0045*  
Date 1 1 2.496311 2.2687 0.1334  
Label*Date 3 3 7.830795 2.3722 0.0711  
 
Label 
 
Least Squares Means Table 
Level Least Sq Mean   Std Error Mean 
Alpac 0.19432870  0.13542144 0.194329 
Hinton Pulp #2 SDT 0.58500000  0.13542144 0.585000 
Hinton Pulp #3 SDT 0.57166667  0.13542144 0.571667 
Peace River Pulp 0.00638889  0.13542144 0.006389 
 
LSMeans Differences Tukey HSD 
α= 
0.050   Q= 
2.58777 
LSMean[i] By LSMean[j] 

Mean[i]-Mean[j] 
Std Err Dif 
Lower CL Dif 
Upper CL Dif 

Alpac Hinton 
Pulp #2 
SDT 

Hinton 
Pulp #3 
SDT 

Peace 
River Pulp 

Alpac 0 
0 
0 

-0.3907 
0.19151 
-0.8863 

-0.3773 
0.19151 
-0.8729 

0.18794 
0.19151 
-0.3077 
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0 0.10492 0.11826 0.68354 

Hinton Pulp #2 SDT 0.39067 
0.19151 
-0.1049 
0.88627 

0 
0 
0 
0 

0.01333 
0.19151 
-0.4823 
0.50893 

0.57861 
0.19151 
0.08302 
1.07421 

Hinton Pulp #3 SDT 0.37734 
0.19151 
-0.1183 
0.87293 

-0.0133 
0.19151 
-0.5089 
0.48226 

0 
0 
0 
0 

0.56528 
0.19151 
0.06968 
1.06087 

Peace River Pulp -0.1879 
0.19151 
-0.6835 
0.30766 

-0.5786 
0.19151 
-1.0742 
-0.083 

-0.5653 
0.19151 
-1.0609 
-0.0697 

0 
0 
0 
0 

 
 
Level             Least Sq Mean 
Hinton Pulp #2 SDT A       0.58500000 
Hinton Pulp #3 SDT A       0.57166667 
Alpac A B     0.19432870 
Peace River Pulp   B     0.00638889 
 
Levels not connected by same letter are significantly different. 
 
 
 
 
Oneway Analysis of Data By Label 
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Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Expected 

Score 
Score Mean (Mean-Mean0)/Std0 

Alpac 60 8578.00 7230.00 142.967 3.904 
Hinton Pulp #2 SDT 60 7516.00 7230.00 125.267 0.827 
Hinton Pulp #3 SDT 60 7050.00 7230.00 117.500  -0.520 
Peace River Pulp 60 5776.00 7230.00 96.267  -4.211 
 
1-way Test, ChiSquare Approximation 
ChiSquare DF Prob>ChiSq 
25.4629 3 <.0001* 
 
Tests that the Variances are Equal 

 
 
Level Count Std Dev MeanAbsDif to 

Mean 
MeanAbsDif to 
Median 

Alpac 60 0.811562 0.3057585 0.1943287 
Hinton Pulp #2 SDT 60 1.378998 0.9060000 0.5850000 
Hinton Pulp #3 SDT 60 1.392850 0.9337222 0.5716667 
Peace River Pulp 60 0.038583 0.0123519 0.0063889 
 
Test F Ratio DFNum DFDen Prob > F 
O'Brien[.5] 2.2466 3 236 0.0836 
Brown-Forsythe 4.3753 3 236 0.0051* 
Levene 18.5388 3 236 <.0001* 
Bartlett 119.0238 3 . <.0001* 
 
Welch's Test 
Welch Anova testing Means Equal, allowing Std Devs Not Equal 
 
F Ratio DFNum DFDen Prob > F 
7.7598 3 98.582 0.0001* 
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Ambient Data - Alpac Station 1 Hourly Data 
 
Distributions 
Station 1  
 

 
 

 
 Normal(0.64618,0.44573) 
 

 
 Normal 3 Mixture 
 
Quantiles 
      
100.0% maximum 14 
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99.5%  2.4 
97.5%  1.5 
90.0%  1.1 
75.0% quartile 0.8 
50.0% median 0.6 
25.0% quartile 0.4 
10.0%  0.3 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 0.6461841 
Std Dev 0.4457314 
Std Err Mean 0.0021881 
Upper 95% Mean 0.6504728 
Lower 95% Mean 0.6418954 
N 41497 
Variance 0.1986765 
Skewness 6.1434073 
Kurtosis 112.21537 
Autocorrelation 0.7171263 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.646184 0.641895 0.650473 0.950 
Std Dev 0.445731 0.44272 0.448785 0.950 
 
Compare Distributions 
Show Distribution Number of 

Parameters 
 -2*LogLikelihood AICc 

[X] Normal 3 Mixture 8 29225.563 29241.5665 
[ ] Johnson Su 4 29404.5578 29412.5588 
[ ] GLog 3 30205.8726 30211.8732 
[ ] Johnson Sl 3 31009.9951 31015.9956 
[ ] Normal 2 Mixture 5 32012.6835 32022.685 
[ ] Exponential 1 46752.9361 46754.9362 
[X] Normal 2 50700.0115 50704.0118 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.6461841 0.6418954 0.6504728 
Dispersion σ 0.4457314 0.4427195 0.4487848 
 
-2log(Likelihood) = 50700.0114932294 
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Goodness-of-Fit Test 
 KSL Test 
 
D   Prob>D 
0.146795   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Fitted Normal 3 Mixture 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ1 0.5219932 0.5192658 0.5247207 
Location μ2 0.9669639 0.9591104 0.9748174 
Location μ3 3.0627638 2.8340506 3.291477 
Dispersion σ1 0.2466991 0.2439869 0.2494415 
Dispersion σ2 0.3955898 0.3878174 0.4035179 
Dispersion σ3 2.0938578 1.8799896 2.3320556 
Probability π1 0.7574438 0.7489717 0.7657193 
Probability π2 0.234798 0.2301687 0.2394914 
Probability π3 0.0077583 0.0069552 0.0086533 
 
-2log(Likelihood) = 29225.5629885644 
 
Test Mean 
    
Hypothesized Value 10 
Actual Estimate 0.64618 
DF 41496 
Std Dev 0.44573 
 
  t Test Signed-Rank 
Test Statistic  -4274.9  -4.31e+8 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
 

 
 
 
 
 



FACTORS INFLUENCING ENVIRONMENTAL PERFORMANCE 320 
 

 

 
 
Distributions 
Log hourly 
 

 
 

 
 Normal(-0.5413,0.55081) 
 
Quantiles 
      
100.0% maximum 2.63906 
99.5%  0.87547 
97.5%  0.40547 
90.0%  0.09531 
75.0% quartile  -0.2231 
50.0% median  -0.5108 
25.0% quartile  -0.9163 
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10.0%   -1.204 
2.5%   -1.6094 
0.5%   -2.3026 
0.0% minimum  -2.3026 
 
Summary Statistics 
    
Mean  -0.541277 
Std Dev 0.5508111 
Std Err Mean 0.0027615 
Upper 95% Mean  -0.535864 
Lower 95% Mean  -0.546689 
N 39785 
Variance 0.3033929 
Skewness  -0.404172 
Kurtosis 1.505022 
Autocorrelation 0.7925413 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ  -0.541277  -0.546689  -0.535864 
Dispersion σ 0.5508111 0.5470105 0.5546653 
 
-2log(Likelihood) = 65451.3081369458 
 
Goodness-of-Fit Test 
 KSL Test 
 
D   Prob>D 
0.112155   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 1 
Actual Estimate  -0.5413 
DF 39784 
Std Dev 0.55081 
 
  t Test Signed-Rank 
Test Statistic  -558.13  -3.95e+8 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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Distributions 
Log 10 hourly 
 

 
 

 
 Normal(-0.2351,0.23921) 
 
Quantiles 
      
100.0% maximum 1.14613 
99.5%  0.38021 
97.5%  0.17609 
90.0%  0.04139 
75.0% quartile  -0.0969 
50.0% median  -0.2218 
25.0% quartile  -0.3979 
10.0%   -0.5229 
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2.5%   -0.699 
0.5%   -1 
0.0% minimum  -1 
 
Summary Statistics 
    
Mean  -0.235074 
Std Dev 0.2392142 
Std Err Mean 0.0011993 
Upper 95% Mean  -0.232723 
Lower 95% Mean  -0.237424 
N 39785 
Variance 0.0572234 
Skewness  -0.404172 
Kurtosis 1.505022 
Autocorrelation 0.7925413 
 
Test Mean 
    
Hypothesized Value 1 
Actual Estimate  -0.2351 
DF 39784 
Std Dev 0.23921 
 
  t Test Signed-Rank 
Test Statistic  -1029.8  -3.96e+8 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
 

 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ  -0.235074  -0.237424  -0.232723 
Dispersion σ 0.2392142 0.2375636 0.2408881 
 
-2log(Likelihood) = -912.653531447497 
 
Goodness-of-Fit Test 
 KSL Test 
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D   Prob>D 
0.112155   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
Ambient Data - Alpac Station 2 Hourly TRS data 

 
Distributions 
Station 2 Hourly TRS  
 

 
 

 
 Normal(0.52617,0.50231) 
 

 
 Normal 3 Mixture 
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Quantiles 
      
100.0% maximum 25.4 
99.5%  2.4 
97.5%  1.4 
90.0%  0.9 
75.0% quartile 0.7 
50.0% median 0.5 
25.0% quartile 0.3 
10.0%  0.1 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.526174 0.521339 0.531009 0.950 
Std Dev 0.502308 0.498912 0.505751 0.950 
 
Compare Distributions 
Show Distribution Number of 

Parameters 
 -2*LogLikelihood AICc 

[X] Normal 3 Mixture 8 24440.6482 24456.6517 
[ ] Johnson Su 4 25274.8476 25282.8485 
[ ] GLog 3 25316.3166 25322.3171 
[ ] Johnson Sl 3 25471.1755 25477.1761 
[ ] Normal 2 Mixture 5 27401.0558 27411.0572 
[ ] Exponential 1 29675.849 29677.8491 
[X] Normal 2 60564.9794 60568.9797 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.526174 0.5213388 0.5310092 
Dispersion σ 0.5023081 0.4989125 0.5057506 
 
-2log(Likelihood) = 60564.9793735643 
 
Goodness-of-Fit Test 
 KSL Test 
 
D   Prob>D 
0.176209   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Fitted Normal 3 Mixture 
Parameter Estimates 
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Type Parameter Estimate Lower 95% Upper 95% 
Location μ1 0.4306603 0.4280831 0.4332375 
Location μ2 0.9342432 0.9236496 0.9448368 
Location μ3 3.7244858 3.352568 4.0964037 
Dispersion σ1 0.2466492 0.2440856 0.2492397 
Dispersion σ2 0.4183177 0.4078646 0.4290388 
Dispersion σ3 3.2127741 2.8666414 3.6007005 
Probability π1 0.8486393 0.839557 0.857295 
Probability π2 0.1444472 0.1408276 0.1481439 
Probability π3 0.0069135 0.0061574 0.0077616 
 
-2log(Likelihood) = 24440.6482346202 
 
Test Mean 
    
Hypothesized Value 10 
Actual Estimate 0.52617 
DF 41460 
Std Dev 0.50231 
 
  t Test Signed-Rank 
Test Statistic  -3840.4  -4.3e+8 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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Alpac Station 2 Log Hourly 
 
Distributions 
 

 
 

 
 Normal(-0.7486,0.61825) 
 
Quantiles 
      
100.0% maximum 3.23475 
99.5%  0.87547 
97.5%  0.33647 
90.0%  0 
75.0% quartile  -0.3567 
50.0% median  -0.6931 
25.0% quartile  -1.204 
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10.0%   -1.6094 
2.5%   -2.3026 
0.5%   -2.3026 
0.0% minimum  -2.3026 
 
Summary Statistics 
    
Mean  -0.748601 
Std Dev 0.6182461 
Std Err Mean 0.0031653 
Upper 95% Mean  -0.742397 
Lower 95% Mean  -0.754805 
N 38149 
Variance 0.3822282 
Skewness  -0.299489 
Kurtosis 1.148208 
Autocorrelation 0.7400433 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ  -0.748601  -0.754805  -0.742397 
Dispersion σ 0.6182461 0.6138903 0.6226645 
 
-2log(Likelihood) = 71571.8518591582 
 
Goodness-of-Fit Test 
 KSL Test 
 
D   Prob>D 
0.128485   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
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Alpac Station 2 Log 10 Hourly 
 
Distributions 
 

 
 

 
 Normal(-0.3251,0.2685) 
 
Quantiles 
      
100.0% maximum 1.40483 
99.5%  0.38021 
97.5%  0.14613 
90.0%  0 
75.0% quartile  -0.1549 
50.0% median  -0.301 
25.0% quartile  -0.5229 
10.0%   -0.699 
2.5%   -1 
0.5%   -1 
0.0% minimum  -1 
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Summary Statistics 
    
Mean  -0.325113 
Std Dev 0.2685009 
Std Err Mean 0.0013747 
Upper 95% Mean  -0.322419 
Lower 95% Mean  -0.327808 
N 38149 
Variance 0.0720927 
Skewness  -0.299489 
Kurtosis 1.148208 
Autocorrelation 0.7400433 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ  -0.325113  -0.327808  -0.322419 
Dispersion σ 0.2685009 0.2666092 0.2704198 
 
-2log(Likelihood) = 7936.84435162075 
 
Goodness-of-Fit Test 
 KSL Test 
 
D   Prob>D 
0.128485   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
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Ambient Data - Grande Prairie Pulp Henry Pirker Station Hourly 

 
Distributions 
Hourly TRS ppb 
 

 
 

 
 Normal(0.30382,0.24672) 
 
Quantiles 
      
100.0% maximum 4.7 
99.5%  1.3 
97.5%  1 
90.0%  0.6 
75.0% quartile 0.4 
50.0% median 0.3 
25.0% quartile 0.2 
10.0%  0 
2.5%  0 
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0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 0.3038157 
Std Dev 0.2467189 
Std Err Mean 0.0012094 
Upper 95% Mean 0.3061862 
Lower 95% Mean 0.3014453 
N 41617 
Variance 0.0608702 
Skewness 2.7748666 
Kurtosis 22.712999 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.3038157 0.3014453 0.3061862 
Dispersion σ 0.2467189 0.2450541 0.2484065 
 
-2log(Likelihood) = 1616.46313989751 
 
Goodness-of-Fit Test 
 KSL Test 
 
D   Prob>D 
0.199276   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 10 
Actual Estimate 0.30382 
DF 41616 
Std Dev 0.24672 
 
  t Test Signed-Rank 
Test Statistic  -8017.4  -4.33e+8 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
 



FACTORS INFLUENCING ENVIRONMENTAL PERFORMANCE 333 
 

 

 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.303816 0.301445 0.306186 0.950 
Std Dev 0.246719 0.245054 0.248407 0.950 
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Ambient Data - Grande Prairie Evergreen Station Hourly Data 

 
Distributions 
Hourly TRS ppb 
 

 
 

 
 Normal(0.56599,0.36751) 
 
Quantiles 
      
100.0% maximum 10 
99.5%  2.2 
97.5%  1.4 
90.0%  1 
75.0% quartile 0.7 
50.0% median 0.5 
25.0% quartile 0.4 
10.0%  0.2 
2.5%  0 
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0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 0.5659884 
Std Dev 0.3675131 
Std Err Mean 0.0018219 
Upper 95% Mean 0.5695594 
Lower 95% Mean 0.5624173 
N 40689 
Variance 0.1350659 
Skewness 4.2770672 
Kurtosis 59.161431 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.565988 0.562417 0.569559 0.950 
Std Dev 0.367513 0.365005 0.370056 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.5659884 0.5624173 0.5695594 
Dispersion σ 0.3675131 0.3650054 0.3700558 
 
-2log(Likelihood) = 34010.3078326354 
 
Goodness-of-Fit Test 
 KSL Test 
 
D   Prob>D 
0.212254   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 10 
Actual Estimate 0.56599 
DF 40688 
Std Dev 0.36751 
 
  t Test Signed-Rank 
Test Statistic  -5178.0  -4.14e+8 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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Ambient Data - Peace River Pulp Millsite Station Hourly Data 

 
Distributions 
TRS 
 

 
 

 
 Normal(0.61361,0.9168) 
 
Quantiles 
      
100.0% maximum 58.3 
99.5%  5 
97.5%  2.5 
90.0%  1.3 
75.0% quartile 0.8 
50.0% median 0.4 
25.0% quartile 0.2 
10.0%  0 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
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Mean 0.6136101 
Std Dev 0.9168004 
Std Err Mean 0.004523 
Upper 95% Mean 0.6224752 
Lower 95% Mean 0.6047451 
N 41087 
Variance 0.840523 
Skewness 15.11114 
Kurtosis 615.92559 
Autocorrelation 0.689764 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.61361 0.604745 0.622475 0.950 
Std Dev 0.9168 0.910575 0.923112 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.6136101 0.6047451 0.6224752 
Dispersion σ 0.9168004 0.9105748 0.9231123 
 
-2log(Likelihood) = 109460.77192335 
 
Goodness-of-Fit Test 
 KSL Test 
 
D   Prob>D 
0.251654   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 10 
Actual Estimate 0.61361 
DF 41086 
Std Dev 0.9168 
 
  t Test Signed-Rank 
Test Statistic  -2075.3  -4.22e+8 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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Ambient Data - Peace River Pulp Townsite Station Hourly Data 

 
 
Distributions 
Hourly TRS ppb 
 

 
 

 
 Normal(0.53335,0.4951) 
 
Quantiles 
      
100.0% maximum 6.8 
99.5%  2.5 
97.5%  1.7 
90.0%  1.2 
75.0% quartile 0.8 
50.0% median 0.5 
25.0% quartile 0.1 
10.0%  0 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
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Mean 0.5333479 
Std Dev 0.4950972 
Std Err Mean 0.0024412 
Upper 95% Mean 0.5381326 
Lower 95% Mean 0.5285632 
N 41133 
Variance 0.2451212 
Skewness 1.6413406 
Kurtosis 6.4669949 
Autocorrelation 0.9026444 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.533348 0.528563 0.538133 0.950 
Std Dev 0.495097 0.491737 0.498504 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.5333479 0.5285632 0.5381326 
Dispersion σ 0.4950972 0.4917371 0.4985039 
 
-2log(Likelihood) = 58896.3025457266 
 
Goodness-of-Fit Test 
 KSL Test 
 
D   Prob>D 
0.140682   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 10 
Actual Estimate 0.53335 
DF 41132 
Std Dev 0.4951 
 
  t Test Signed-Rank 
Test Statistic  -3877.9  -4.23e+8 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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Ambient Data - Hinton Pulp Hinton Station Hourly Data 

 
Distributions 
Hourly TRS 
 

 
 

 
 Normal(1.16457,2.1688) 
 
Quantiles 
      
100.0% maximum 56.2 
99.5%  14 
97.5%  6.4 
90.0%  2.8 
75.0% quartile 1.1 
50.0% median 0.6 
25.0% quartile 0 
10.0%  0 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
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Mean 1.1645731 
Std Dev 2.168804 
Std Err Mean 0.0106351 
Upper 95% Mean 1.1854181 
Lower 95% Mean 1.143728 
N 41587 
Variance 4.7037108 
Skewness 6.635714 
N Missing 2261 
Autocorrelation 0.7186726 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 1.164573 1.143728 1.185418 0.950 
Std Dev 2.168804 2.154165 2.183645 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 1.1645731 1.143728 1.1854181 
Dispersion σ 2.168804 2.1541648 2.1836449 
 
-2log(Likelihood) = 182409.096529531 
 
Goodness-of-Fit Test 
 KSL Test 
 
D   Prob>D 
0.295646   < 0.0100* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 10 
Actual Estimate 1.16457 
DF 41586 
Std Dev 2.1688 
 
  t Test Signed-Rank 
Test Statistic  -830.78  -4.28e+8 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
 
 
 
 



FACTORS INFLUENCING ENVIRONMENTAL PERFORMANCE 342 
 

 

Ambient Data -  Hourly ANOVA/Kruskal Wallis 

 
 
Response Data 
Regression Plot 
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Summary of Fit 
    
RSquare 0.07358 
RSquare Adj 0.073538 
Root Mean Square Error 0.955151 
Mean of Response 0.621442 
Observations (or Sum Wgts) 289071 
 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 13 20944.88 1611.14 1765.999 
Error 289057 263710.64 0.91 Prob > F 
C. Total 289070 284655.52  <.0001* 
 
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 
Intercept   -1.689523 0.131183  -12.88 <.0001* 
Label[Alpac Station 1]  0.0255815 0.004343 5.89 <.0001* 
Label[Alpac Station 2]   -0.100581 0.004344  -23.15 <.0001* 
Label[DMI Millsite]   -0.007254 0.004361  -1.66 0.0962 
Label[DMI Townsite]   -0.087797 0.004359  -20.14 <.0001* 
Label[GP Evergreen]   -0.055764 0.004379  -12.74 <.0001* 
Label[GP Henry Pirker]   -0.316987 0.004338  -73.08 <.0001* 

Date Hour  6.874e-10 3.9e-11 17.61 <.0001* 
Label[Alpac Station 1]*(Date Hour-3.36e+9)   -2.414e-9 9.53e-11  -25.34 <.0001* 
Label[Alpac Station 2]*(Date Hour-3.36e+9)   -1.754e-9 9.56e-11  -18.35 <.0001* 
Label[DMI Millsite]*(Date Hour-3.36e+9)  1.8003e-9 9.57e-11 18.82 <.0001* 
Label[DMI Townsite]*(Date Hour-3.36e+9)  1.8616e-9 9.58e-11 19.43 <.0001* 
Label[GP Evergreen]*(Date Hour-3.36e+9)   -2.343e-9 9.63e-11  -24.32 <.0001* 
Label[GP Henry Pirker]*(Date Hour-3.36e+9)   -1.159e-9 9.52e-11  -12.18 <.0001* 
 
Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   
Label 6 6 17326.745 3165.349 <.0001*  
Date Hour 1 1 283.028 310.2307 <.0001*  
Label*Date Hour 6 6 3297.447 602.3964 <.0001*  
 
Effect Details 
Label 
Least Squares Means Table 
Level Least Sq Mean   Std Error Mean 
Alpac Station 1 0.6464321  0.00468885 0.64618 
Alpac Station 2 0.5202694  0.00469086 0.52030 
DMI Millsite 0.6135964  0.00471216 0.61361 
DMI Townsite 0.5330533  0.00470954 0.53335 
GP Evergreen 0.5650861  0.00473549 0.56599 
GP Henry Pirker 0.3038636  0.00468207 0.30382 
Hinton 1.1636533  0.00468379 1.16457 
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LSMeans Differences Tukey HSD 
α= 
0.050   Q= 
2.94841 
LSMean[i] By LSMean[j] 

Mean[i]-Mean[j] 
Std Err Dif 
Lower CL Dif 
Upper CL Dif 

Alpac 
Station 1 

Alpac 
Station 2 

DMI 
Millsite 

DMI 
Townsite 

GP 
Evergreen 

GP Henry 
Pirker 

Hinton 

Alpac Station 1 0 
0 
0 
0 

0.12616 
0.00663 
0.10661 
0.14572 

0.03284 
0.00665 
0.01324 
0.05244 

0.11338 
0.00665 
0.09378 
0.13297 

0.08135 
0.00666 
0.0617 
0.10099 

0.34257 
0.00663 
0.32303 
0.36211 

-0.5172 
0.00663 
-0.5368 
-0.4977 

Alpac Station 2 -0.1262 
0.00663 
-0.1457 
-0.1066 

0 
0 
0 
0 

-0.0933 
0.00665 
-0.1129 
-0.0737 

-0.0128 
0.00665 
-0.0324 
0.00681 

-0.0448 
0.00667 
-0.0645 
-0.0252 

0.21641 
0.00663 
0.19686 
0.23595 

-0.6434 
0.00663 
-0.6629 
-0.6238 

DMI Millsite -0.0328 
0.00665 
-0.0524 
-0.0132 

0.09333 
0.00665 
0.07372 
0.11293 

0 
0 
0 
0 

0.08054 
0.00666 
0.0609 
0.10019 

0.04851 
0.00668 
0.02881 
0.06821 

0.30973 
0.00664 
0.29015 
0.32932 

-0.5501 
0.00664 
-0.5696 
-0.5305 

DMI Townsite -0.1134 
0.00665 
-0.133 
-0.0938 

0.01278 
0.00665 
-0.0068 
0.03238 

-0.0805 
0.00666 
-0.1002 
-0.0609 

0 
0 
0 
0 

-0.032 
0.00668 
-0.0517 
-0.0123 

0.22919 
0.00664 
0.20961 
0.24877 

-0.6306 
0.00664 
-0.6502 
-0.611 

GP Evergreen -0.0813 
0.00666 
-0.101 
-0.0617 

0.04482 
0.00667 
0.02516 
0.06447 

-0.0485 
0.00668 
-0.0682 
-0.0288 

0.03203 
0.00668 
0.01234 
0.05172 

0 
0 
0 
0 

0.26122 
0.00666 
0.24159 
0.28086 

-0.5986 
0.00666 
-0.6182 
-0.5789 

GP Henry Pirker -0.3426 
0.00663 
-0.3621 
-0.323 

-0.2164 
0.00663 
-0.2359 
-0.1969 

-0.3097 
0.00664 
-0.3293 
-0.2901 

-0.2292 
0.00664 
-0.2488 
-0.2096 

-0.2612 
0.00666 
-0.2809 
-0.2416 

0 
0 
0 
0 

-0.8598 
0.00662 
-0.8793 
-0.8403 

Hinton 0.51722 
0.00663 
0.49768 
0.53676 

0.64338 
0.00663 
0.62384 
0.66293 

0.55006 
0.00664 
0.53047 
0.56965 

0.6306 
0.00664 
0.61102 
0.65018 

0.59857 
0.00666 
0.57893 
0.61821 

0.85979 
0.00662 
0.84026 
0.87932 

0 
0 
0 
0 

 
 
Level             Least Sq Mean 
Hinton A           1.1636533 
Alpac Station 1   B         0.6464321 
DMI Millsite     C       0.6135964 
GP Evergreen       D     0.5650861 
DMI Townsite         E   0.5330533 
Alpac Station 2         E   0.5202694 
GP Henry Pirker           F 0.3038636 
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Levels not connected by same letter are significantly different. 
 
 
Oneway Analysis of Data By Label 

 
 
Missing Rows 
 

17865 

 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Expected 

Score 
Score Mean (Mean-

Mean0)/Std0 
Alpac Station 1 41497 7.1e+9 6e+9 171088 70.256 
Alpac Station 2 41461 5.93e+9 5.99e+9 143051  -3.928 
DMI Millsite 41087 5.93e+9 5.94e+9 144356  -0.475 
DMI Townsite 41133 5.89e+9 5.95e+9 143119  -3.731 
GP Evergreen 40689 6.47e+9 5.88e+9 158913 37.608 
GP Henry Pirker 41617 3.81e+9 6.02e+9 91540  -140.46 
Hinton 41587 6.66e+9 6.01e+9 160070 41.154 
 
1-way Test, ChiSquare Approximation 
ChiSquare DF Prob>ChiSq 
23807.129 6 <.0001* 
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Tests that the Variances are Equal 

 
 
Level Count Std Dev MeanAbsDif to 

Mean 
MeanAbsDif to 
Median 

Alpac Station 1 41497 0.445731 0.284984 0.276162 
Alpac Station 2 41461 0.510269 0.276349 0.271735 
DMI Millsite 41087 0.916800 0.464524 0.435082 
DMI Townsite 41133 0.495097 0.379942 0.374558 
GP Evergreen 40689 0.367513 0.220382 0.211428 
GP Henry Pirker 41617 0.246719 0.161899 0.160425 
Hinton 41587 2.168804 1.118782 1.007731 
 
Test F Ratio DFNum DFDen Prob > F 
O'Brien[.5] 362.8089 6 289064 <.0001* 
Brown-Forsythe 4549.0139 6 289064 <.0001* 
Levene 6678.8525 6 289064 <.0001* 
Bartlett 49788.959 6 . <.0001* 
 
Welch's Test 
Welch Anova testing Means Equal, allowing Std Devs Not Equal 
 
F Ratio DFNum DFDen Prob > F 
5720.9226 6 125483 <.0001* 
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Ambient Data - Alpac Station 1 Daily Data 

 

 
Distributions 
Daily TRS avg ppb 3 
 

 
 

 
 Normal(0.64535,0.28007) 
 
Quantiles 
      
100.0% maximum 2.65217 
99.5%  1.71626 
97.5%  1.26522 
90.0%  1.0087 
75.0% quartile 0.8087 
50.0% median 0.59565 
25.0% quartile 0.44783 
10.0%  0.34783 
2.5%  0.21497 
0.5%  0.11059 
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0.0% minimum 0 
 
Summary Statistics 
    
Mean 0.6453492 
Std Dev 0.2800711 
Std Err Mean 0.0065524 
Upper 95% Mean 0.6582002 
Lower 95% Mean 0.6324983 
N 1827 
Variance 0.0784398 
Skewness 1.1632424 
Kurtosis 3.422076 
Autocorrelation 0.367858 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.645349 0.632498 0.6582 0.950 
Std Dev 0.280071 0.271276 0.28946 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.6453492 0.6324983 0.6582002 
Dispersion σ 0.2800711 0.2712756 0.2894603 
 
-2log(Likelihood) = 533.31204065853 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.942786   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 3 
Actual Estimate 0.64535 
DF 1826 
Std Dev 0.28007 
 
  t Test Signed-Rank 
Test Statistic  -359.36  -834939 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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Ambient Data – Alpac Station 2 Daily Data 

 

Daily TRS avg ppb 3 

 

 
 

 
 Normal(0.52476,0.28846) 
 
Quantiles 
      
100.0% maximum 3.8 
99.5%  1.96643 
97.5%  1.16217 
90.0%  0.82174 
75.0% quartile 0.64348 
50.0% median 0.4913 
25.0% quartile 0.35652 
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10.0%  0.23478 
2.5%  0.1 
0.5%  0.0267 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 0.5247606 
Std Dev 0.2884646 
Std Err Mean 0.0067487 
Upper 95% Mean 0.5379967 
Lower 95% Mean 0.5115246 
N 1827 
Variance 0.0832118 
Skewness 3.0394057 
Kurtosis 22.996443 
Autocorrelation 0.4237162 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.524761 0.511525 0.537997 0.950 
Std Dev 0.288465 0.279406 0.298135 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.5247606 0.5115246 0.5379967 
Dispersion σ 0.2884646 0.2794056 0.2981352 
 
-2log(Likelihood) = 641.211267093424 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.823566   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 3 
Actual Estimate 0.52476 
DF 1826 
Std Dev 0.28846 
 
  t Test Signed-Rank 
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  t Test Signed-Rank 
Test Statistic  -366.77  -834930 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
 

 
 
 
 
 
 
 

Ambient Data - Grande Prairie Pulp- Henry Pirker Station Daily Data 

 

Distributions 
Daily TRS ppb 
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 Normal(0.30376,0.1718) 
 
Quantiles 
      
100.0% maximum 1.43 
99.5%  1 
97.5%  0.72174 
90.0%  0.5 
75.0% quartile 0.38261 
50.0% median 0.2913 
25.0% quartile 0.2087 
10.0%  0.09565 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 0.303761 
Std Dev 0.1717976 
Std Err Mean 0.0040204 
Upper 95% Mean 0.3116461 
Lower 95% Mean 0.295876 
N 1826 
Variance 0.0295144 
Skewness 1.0872201 
Kurtosis 3.4792827 
Autocorrelation 0.6575782 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.303761 0.295876 0.311646 0.950 
Std Dev 0.171798 0.166401 0.177559 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.303761 0.295876 0.3116461 
Dispersion σ 0.1717976 0.166401 0.1775587 
 
-2log(Likelihood) = -1251.80805561934 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.937370   <.0001* 
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Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 3 
Actual Estimate 0.30376 
DF 1825 
Std Dev 0.1718 
 
  t Test Signed-Rank 
Test Statistic  -670.64  -834026 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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Ambient Data - Grande Prairie - Evergreen Station Daily Data 

 

Distributions 
Daily TRS ppb 
 

 
 

 
 Normal(0.56549,0.25389) 
 
Quantiles 
      
100.0% maximum 2.3913 
99.5%  1.55098 
97.5%  1.16957 
90.0%  0.85652 
75.0% quartile 0.65109 
50.0% median 0.53913 
25.0% quartile 0.46087 
10.0%  0.33478 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 0.565488 
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Std Dev 0.2538902 
Std Err Mean 0.0059959 
Upper 95% Mean 0.5772478 
Lower 95% Mean 0.5537283 
N 1793 
Variance 0.0644603 
Skewness 1.0290574 
Kurtosis 5.602973 
Autocorrelation 0.6368858 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.565488 0.5537283 0.5772478 
Dispersion σ 0.2538902 0.2458441 0.2624849 
 
-2log(Likelihood) = 171.434015030226 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.896531   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.565488 0.553728 0.577248 0.950 
Std Dev 0.25389 0.245844 0.262485 0.950 
 
Test Mean 
    
Hypothesized Value 3 
Actual Estimate 0.56549 
DF 1792 
Std Dev 0.25389 
 
  t Test Signed-Rank 
Test Statistic  -406.03  -804161 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
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Ambient Data - Peace River Pulp - Millsite Station Daily Data 

 
Distributions 
Daily TRS avg ppb 3 
 

 
 

 
 Normal(0.61448,0.54865) 
 
Quantiles 
      
100.0% maximum 7.7087 
99.5%  3.09543 
97.5%  1.99413 
90.0%  1.24002 
75.0% quartile 0.82174 
50.0% median 0.50435 



FACTORS INFLUENCING ENVIRONMENTAL PERFORMANCE 357 
 

 

      
25.0% quartile 0.24783 
10.0%  0.08696 
2.5%  0.00435 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 0.6144805 
Std Dev 0.5486489 
Std Err Mean 0.0128394 
Upper 95% Mean 0.639662 
Lower 95% Mean 0.5892991 
N 1826 
Variance 0.3010156 
Skewness 2.876418 
Kurtosis 20.270601 
Autocorrelation 0.5239569 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.614481 0.589299 0.639662 0.950 
Std Dev 0.548649 0.531414 0.567047 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.6144805 0.5892991 0.639662 
Dispersion σ 0.5486489 0.5314144 0.5670473 
 
-2log(Likelihood) = 2988.68059567816 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.807902   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 3 
Actual Estimate 0.61448 
DF 1825 
Std Dev 0.54865 
 
  t Test Signed-Rank 
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  t Test Signed-Rank 
Test Statistic  -185.80  -831992 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
 
 
 
 
Ambient Data - Peace River Pulp - Townsite Station Daily Data 

 
Distributions 
Daily TRS avg ppb 3 
 

 
 

 
 Normal(0.53291,0.40641) 
 
 
 
Quantiles 
      
100.0% maximum 2.68696 
99.5%  1.80236 
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97.5%  1.45793 
90.0%  1.0913 
75.0% quartile 0.7913 
50.0% median 0.46978 
25.0% quartile 0.20435 
10.0%  0.03478 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 0.5329062 
Std Dev 0.4064059 
Std Err Mean 0.0095106 
Upper 95% Mean 0.5515591 
Lower 95% Mean 0.5142533 
N 1826 
Variance 0.1651657 
Skewness 0.796933 
Kurtosis 0.5526581 
Autocorrelation 0.6945306 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 0.532906 0.514253 0.551559 0.950 
Std Dev 0.406406 0.39364 0.420034 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 0.5329062 0.5142533 0.5515591 
Dispersion σ 0.4064059 0.3936395 0.4200342 
 
-2log(Likelihood) = 1892.69191369056 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.943911   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
    
Hypothesized Value 3 
Actual Estimate 0.53291 
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DF 1825 
Std Dev 0.40641 
 
  t Test Signed-Rank 
Test Statistic  -259.40  -834026 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
 
 
Ambient Data - Hinton Pulp - Hinton Station Daily Data 

 
Distributions 
Hinton Daily TRS 
 

 
 

 
 Normal(1.16628,1.16964) 
 
Quantiles 
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100.0% maximum 10.9957 
99.5%  7.51704 
97.5%  4.31579 
90.0%  2.31627 
75.0% quartile 1.42609 
50.0% median 0.93158 
25.0% quartile 0.47826 
10.0%  0.16027 
2.5%  0 
0.5%  0 
0.0% minimum 0 
 
Summary Statistics 
    
Mean 1.1662821 
Std Dev 1.1696418 
Std Err Mean 0.0273643 
Upper 95% Mean 1.2199507 
Lower 95% Mean 1.1126136 
N 1827 
Variance 1.368062 
Skewness 2.9788254 
Kurtosis 13.487212 
Autocorrelation 0.4418495 
 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean 1.166282 1.112614 1.219951 0.950 
Std Dev 1.169642 1.13291 1.208853 0.950 
 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ 1.1662821 1.1126136 1.2199507 
Dispersion σ 1.1696418 1.1329099 1.2088533 
 
-2log(Likelihood) = 5756.37425486371 
 
Goodness-of-Fit Test 
 Shapiro-Wilk W Test 
 
W   Prob<W 
0.740908   <.0001* 
 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
 
Test Mean 
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Hypothesized Value 3 
Actual Estimate 1.16628 
DF 1826 
Std Dev 1.16964 
 
  t Test Signed-Rank 
Test Statistic  -67.011  -764786 
Prob > |t| <.0001* <.0001* 
Prob > t 1.0000 1.0000 
Prob < t <.0001* <.0001* 
 

 
 
 
 
Distributions 
Log10 Hinton Daily TRS 
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 Normal 3 Mixture 
Quantiles 
    
100.0% maximum 1.04122 
99.5%  0.8777 
97.5%  0.6458 
90.0%  0.37358 
75.0% quartile 0.16975 
50.0% median  -0.0057 
25.0% quartile  -0.2683 
10.0%   -0.5836 
2.5%   -1.0607 
0.5%   -1.3617 
0.0% minimum  -1.3617 
Summary Statistics 
   
Mean  -0.065865 
Std Dev 0.393974 
Std Err Mean 0.0094748 
Upper 95% Mean  -0.047282 
Lower 95% Mean  -0.084449 
N 1729 
Variance 0.1552155 
Skewness  -0.601512 
N Missing 98 
Autocorrelation 0.4809257 
Confidence Intervals 
Parameter Estimate Lower CI Upper CI 1-Alpha 
Mean  -0.06587  -0.08445  -0.04728 0.950 
Std Dev 0.393974 0.381267 0.407564 0.950 
Test Mean 
   
Hypothesized Value 3 
Actual Estimate  -0.0659 
DF 1728 
Std Dev 0.39397 
 
  t Test 
Test Statistic  -323.58 
Prob > |t| <.0001* 
Prob > t 1.0000 
Prob < t <.0001* 
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Compare Distributions 
Show Distribution Number of 

Parameters 
 -2*LogLikelihood AICc 

X Normal 3 Mixture 8 1527.07399 1543.15772 
  Normal 2 Mixture 5 1535.08858 1545.12341 
  Johnson Su 4 1559.40142 1567.42462 
  GLog 3 1595.46751 1601.48142 
  Johnson Sl 3 1607.09 1613.10391 
  Normal 2 1684.66508 1688.67203 
Fitted Normal 3 Mixture 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ1  -0.436014  -0.471206  -0.400822 
Location μ2 0.0197293 0.0069998 0.0324589 
Location μ3 0.456322 0.4222386 0.4904055 
Dispersion σ1 0.4038323 0.3704203 0.440258 
Dispersion σ2 0.2089754 0.1966789 0.2220407 
Dispersion σ3 0.2383612 0.207185 0.2742286 
Probability π1 0.2924048 0.267589 0.318521 
Probability π2 0.5984194 0.5614865 0.6342678 
Probability π3 0.1091759 0.0945158 0.1257938 
 
-2log(Likelihood) = 1527.07399455123 
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Distributions 
Log Hourly TRS ppb 

 
 

 
 Normal(-6.9717,1.01346) 
 

 
 Normal 3 Mixture 
 

 
 Normal(-6.9717,1.01346) 
Quantiles 
    
100.0% maximum  -2.8788 
99.5%   -4.1352 
97.5%   -4.8409 
90.0%   -5.7446 
75.0% quartile  -6.2659 
50.0% median  -6.9078 
25.0% quartile  -7.6009 
10.0%   -8.5172 
2.5%   -9.2103 
0.5%   -9.2103 
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0.0% minimum  -9.2103 
Summary Statistics 
   
Mean  -6.971672 
Std Dev 1.0134571 
Std Err Mean 0.0058298 
Upper 95% Mean  -6.960245 
Lower 95% Mean  -6.983098 
N 30221 
Test Mean 
   
Hypothesized Value 0 
Actual Estimate  -6.9717 
DF 30220 
Std Dev 1.01346 
 
  t Test 
Test Statistic  -1195.9 
Prob > |t| <.0001* 
Prob > t 1.0000 
Prob < t <.0001* 
 

 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ  -6.971672  -6.983098  -6.960245 
Dispersion σ 1.0134571 1.0054418 1.021602 
 
-2log(Likelihood) = 86570.431730504 
 
Goodness-of-Fit Test 
 KSL Test 
 

D   Prob>D 
0.124760   < 0.0100* 

 
Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
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Compare Distributions 
Show Distribution Number of 

Parameters 
 -2*LogLikelihood AICc 

X Normal 3 Mixture 8 36084.7118 36100.7166 
  Johnson Su 4 86275.9242 86283.9255 
  Normal 2 Mixture 5 86495.0345 86505.0365 
  Johnson Sl 3 86566.4936 86572.4944 
  Normal 2 86570.4317 86574.4321 
  GLog 3 88053.8187 88059.8195 
Fitted Normal 3 Mixture 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ1  -7.877009  -7.891794  -7.862224 
Location μ2  -6.907755  -6.907845  -6.907666 
Location μ3  -6.223417  -6.238649  -6.208185 
Dispersion σ1 0.7768489 0.7621972 0.7917822 
Dispersion σ2 0.0039331 . . 
Dispersion σ3 0.8598772 0.844798 0.8752255 
Probability π1 0.3515282 0.3448675 0.3582472 
Probability π2 0.2439883 0.2384624 0.2496003 
Probability π3 0.4044835 0.3973391 0.4116685 
 
-2log(Likelihood) = 36084.7118457081 
 
Note: Unable to converge on all confidence limits. 
Fitted Normal 
Parameter Estimates 
Type Parameter Estimate Lower 95% Upper 95% 
Location μ  -6.971672  -6.983098  -6.960245 
Dispersion σ 1.0134571 1.0054418 1.021602 
 
-2log(Likelihood) = 86570.431730504 
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Ambient Data - Daily ANOVA/Kruskal Wallis 

 
Response Data 
Regression Plot 

 
 
 
 
 
Summary of Fit 
    
RSquare 0.201407 
RSquare Adj 0.200592 
Root Mean Square Error 0.535745 
Mean of Response 0.622044 
Observations (or Sum Wgts) 12752 
 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
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Source DF Sum of Squares Mean Square F Ratio 
Model 13 922.0781 70.9291 247.1200 
Error 12738 3656.0974 0.2870 Prob > F 
C. Total 12751 4578.1755  <.0001* 
 
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 
Intercept   -1.67442 0.350102  -4.78 <.0001* 
Label[Alpac Station 1]  0.0239052 0.011607 2.06 0.0395* 
Label[Alpac Station 2]   -0.09676 0.011607  -8.34 <.0001* 
Label[DMI Millsite]   -0.007342 0.01161  -0.63 0.5271 
Label[DMI Townsite]   -0.088918 0.01161  -7.66 <.0001* 
Label[GP Evergreen]   -0.057162 0.011699  -4.89 <.0001* 
Label[GP Henry Pirker]   -0.317828 0.01161  -27.38 <.0001* 
Day  6.832e-10 1.04e-10 6.56 <.0001* 
Label[Alpac Station 1]*(Day-3.36e+9)   -2.424e-9 2.55e-10  -9.51 <.0001* 
Label[Alpac Station 2]*(Day-3.36e+9)   -1.753e-9 2.55e-10  -6.88 <.0001* 
Label[DMI Millsite]*(Day-3.36e+9)  1.8279e-9 2.55e-10 7.17 <.0001* 
Label[DMI Townsite]*(Day-3.36e+9)  1.8534e-9 2.55e-10 7.27 <.0001* 
Label[GP Evergreen]*(Day-3.36e+9)   -2.326e-9 2.57e-10  -9.04 <.0001* 
Label[GP Henry Pirker]*(Day-3.36e+9)   -1.155e-9 2.55e-10  -4.53 <.0001* 
 
Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   
Label 6 6 763.87401 443.5616 <.0001*  
Day 1 1 12.34737 43.0188 <.0001*  
Label*Day 6 6 144.71863 84.0343 <.0001*  
 
Effect Details 
Label 
Least Squares Means Table 
Level Least Sq Mean   Std Error Mean 
Alpac Station 1 0.6455486  0.01253402 0.64535 
Alpac Station 2 0.5248832  0.01253402 0.52476 
DMI Millsite 0.6143015  0.01253743 0.61448 
DMI Townsite 0.5327253  0.01253743 0.53291 
GP Evergreen 0.5644810  0.01265341 0.56549 
GP Henry Pirker 0.3038156  0.01253745 0.30376 
Hinton 1.1657486  0.01253402 1.16628 
 
LSMeans Differences Tukey HSD 
α= 
0.050   Q= 
2.94883 
LSMean[i] By LSMean[j] 

Mean[i]-Mean[j] 
Std Err Dif 
Lower CL Dif 
Upper CL Dif 

Alpac 
Station 1 

Alpac 
Station 2 

DMI 
Millsite 

DMI 
Townsite 

GP 
Evergreen 

GP Henry 
Pirker 

Hinton 
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Alpac Station 1 0 
0 
0 
0 

0.12067 
0.01773 
0.0684 
0.17294 

0.03125 
0.01773 
-0.021 
0.08352 

0.11282 
0.01773 
0.06055 
0.1651 

0.08107 
0.01781 
0.02855 
0.13359 

0.34173 
0.01773 
0.28946 
0.39401 

-0.5202 
0.01773 
-0.5725 
-0.4679 

Alpac Station 2 -0.1207 
0.01773 
-0.1729 
-0.0684 

0 
0 
0 
0 

-0.0894 
0.01773 
-0.1417 
-0.0371 

-0.0078 
0.01773 
-0.0601 
0.04444 

-0.0396 
0.01781 
-0.0921 
0.01292 

0.22107 
0.01773 
0.16879 
0.27335 

-0.6409 
0.01773 
-0.6931 
-0.5886 

DMI Millsite -0.0312 
0.01773 
-0.0835 
0.02103 

0.08942 
0.01773 
0.03714 
0.1417 

0 
0 
0 
0 

0.08158 
0.01773 
0.02929 
0.13386 

0.04982 
0.01781 
-0.0027 
0.10235 

0.31049 
0.01773 
0.2582 
0.36277 

-0.5514 
0.01773 
-0.6037 
-0.4992 

DMI Townsite -0.1128 
0.01773 
-0.1651 
-0.0605 

0.00784 
0.01773 
-0.0444 
0.06012 

-0.0816 
0.01773 
-0.1339 
-0.0293 

0 
0 
0 
0 

-0.0318 
0.01781 
-0.0843 
0.02077 

0.22891 
0.01773 
0.17663 
0.28119 

-0.633 
0.01773 
-0.6853 
-0.5807 

GP Evergreen -0.0811 
0.01781 
-0.1336 
-0.0285 

0.0396 
0.01781 
-0.0129 
0.09212 

-0.0498 
0.01781 
-0.1023 
0.00271 

0.03176 
0.01781 
-0.0208 
0.08428 

0 
0 
0 
0 

0.26067 
0.01781 
0.20814 
0.31319 

-0.6013 
0.01781 
-0.6538 
-0.5487 

GP Henry Pirker -0.3417 
0.01773 
-0.394 
-0.2895 

-0.2211 
0.01773 
-0.2733 
-0.1688 

-0.3105 
0.01773 
-0.3628 
-0.2582 

-0.2289 
0.01773 
-0.2812 
-0.1766 

-0.2607 
0.01781 
-0.3132 
-0.2081 

0 
0 
0 
0 

-0.8619 
0.01773 
-0.9142 
-0.8097 

Hinton 0.5202 
0.01773 
0.46793 
0.57247 

0.64087 
0.01773 
0.5886 
0.69314 

0.55145 
0.01773 
0.49917 
0.60372 

0.63302 
0.01773 
0.58075 
0.6853 

0.60127 
0.01781 
0.54875 
0.65379 

0.86193 
0.01773 
0.80966 
0.91421 

0 
0 
0 
0 

 
 
Level             Least Sq Mean 
Hinton A          1.1657486 
Alpac Station 1   B        0.6455486 
DMI Millsite   B C      0.6143015 
GP Evergreen     C D    0.5644810 
DMI Townsite       D    0.5327253 
Alpac Station 2       D    0.5248832 
GP Henry Pirker         E  0.3038156 
 
Levels not connected by same letter are significantly different. 
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Oneway Analysis of Data By Label 

 
 
Missing Rows 
 

37 

 
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
Level Count Score Sum Expected 

Score 
Score Mean (Mean-Mean0)/Std0 

Alpac Station 1 1827 1.38e+7 1.16e+7 7530.44 14.475 
Alpac Station 2 1827 1.12e+7 1.16e+7 6112.59  -3.311 
DMI Millsite 1826 1.15e+7 1.16e+7 6275.87  -1.262 
DMI Townsite 1826 1.08e+7 1.16e+7 5895.37  -6.034 
GP Evergreen 1793 1.23e+7 1.14e+7 6836.50 5.708 
GP Henry Pirker 1826 6021637 1.16e+7 3297.72  -38.609 
Hinton 1827 1.59e+7 1.16e+7 8693.57 29.066 
 
1-way Test, ChiSquare Approximation 
ChiSquare DF Prob>ChiSq 
2250.4714 6 <.0001* 
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Tests that the Variances are Equal 

 
 
Level Count Std Dev MeanAbsDif to 

Mean 
MeanAbsDif to 
Median 

Alpac Station 1 1827 0.280071 0.2159972 0.2121466 
Alpac Station 2 1827 0.288465 0.1938797 0.1917952 
DMI Millsite 1826 0.548649 0.3820102 0.3718530 
DMI Townsite 1826 0.406406 0.3280562 0.3249727 
GP Evergreen 1793 0.253890 0.1666518 0.1648420 
GP Henry Pirker 1826 0.171798 0.1244614 0.1237840 
Hinton 1827 1.169642 0.7511911 0.7178473 
 
Test F Ratio DFNum DFDen Prob > F 
O'Brien[.5] 93.9776 6 12745 <.0001* 
Brown-Forsythe 412.7960 6 12745 <.0001* 
Levene 515.0612 6 12745 <.0001* 
Bartlett 1675.8880 6 . <.0001* 
 
Welch's Test 
Welch Anova testing Means Equal, allowing Std Devs Not Equal 
 
F Ratio DFNum DFDen Prob > F 
593.4815 6 5554.5 <.0001* 
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Appendix D: Mills Environmental Policies and Sustainability Reports 
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Alberta-Pacific Forest Industries Inc. 

Environmental Policy: http://alpac.ca/pulp-operations/environmental-policy 
Corporate Sustainability Report: http://alpac.ca/publications/corporate-social-responsibility-
report 
 

Daishowa-Marubeni International Ltd. – Peace River Pulp 

 

Environmental Policy: 
http://www.dmi.ca/about_dmi/dmi_in_alberta/prpd/stewardship/index.html 
Corporate Sustainability Report: not available 
 

West Fraser – Hinton Pulp 

 

Environmental Policy: provided by mill employee on next page 
Corporate Sustainability Report: http://www.westfraser.com/responsibility/reports-
publications/sustainability-reports 
 

 

Weyerhaeuser Company – Grande Prairie Pulp 

 

Environmental Policy: 
http://www.weyerhaeuser.com/NewSustainability/pdfs/Environmental%20Core%20Policy.pdf 
Coprorate Sustinability Report: http://www.weyerhaeuser.com/Sustainability 
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Appendix E: Best Available Techniques employed by Alberta’s Kraft Pulp Mills 
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Table B1 

Best Available Techniques employed by Alberta’s Kraft Pulp mills from 2008 to 2012 

 

Best Available 

Technique for 

Odour Control

Description of Best Available 

Technique 

Effect of Best Available 

Technique

Alpac - BAT employed 

at your facility?

Peace River Pulp - BAT 

employed at your facility?

Grande Prairie Pulp - BAT 

employed at your facility?

Hinton Pulp - BAT 

employed at your facility?

Collection of almost 

all spillages

Collecting diverted/spilled liquor 

with highest liquor solids 

concentration; Returning collected 

liquor and fiber to the process; 

Curbing critical areas to avoid 

discharges; Monitoringing sewer 

conductivity and/or pH and/or 

temperature to detect and prevent 

spills; Staff training to prevent and 

reduce spills. Measure is related 

to use of sufficiently large buffer 

tanks, described below.

Prevents concentrated or 

harmful streams from entering 

the wastewater treatment 

system, thereby lowering 

loading of organic and TRS 

compounds to the system and 

reducing treatment system 

upsets. Indirectly lowers 

odours.

Yes - All sewers are 

monitored for pH/EC and 

are equipped with recovery 

sumps to prevent spills 

from escaping to the 

wastewater effluent 

treatment system. 

Yes - Critical areas are 

curbed; mill sewers are 

equipped with pH/temp/EC 

probes to detect spills and 

recovery sumps are in place.

Yes - Sewers are monitored 

for pH/EC in each process 

area.  The mill has specific 

sumps for recovery, as well as 

a sealed sump for spill 

collection. Sumps handle 

smaller releases and a spill 

tank is available to store larger 

spills.

Yes - The Fibreline has 

secondary containment and 

fluids collected can be 

recycled back to the 

process. Branch sewers 

have EC/pH probes and 

sewer collection sumps have 

EC probes and pumps to 

allow recycling back to 

process.

Buffer tanks for 

concentrated liquids

Having the storage volume 

required to prevent discharges of 

concentration or hot process 

streams to the wastewater 

treatment system is critical.  

Process liquors and condensates 

should have storage capacity 

exceeding normal operating values 

by 30%. Storage volumes must be 

able to contain peak process 

flows for a few hours due to 

upsets.  These changes usually 

require changes in other areas 

such as pulp washing and 

Prevents unnecessary loading 

of organic compounds and 

upsets to the wastewater 

treatment system and aids in 

recovery of streams with an 

economic value due to 

chemical composition or use 

as a fuel. Indirectly lowers 

odours from wastewater 

treatment facility. 

Yes - Alpac has a spill 

pond to which spilled fluids 

can be stored for treatment 

and release to the effluent 

treatment system. 

Yes - A spill pond is 

available to store larger 

volumes of concentrated 

liquids when upsets occur, 

but some odours may still be 

generated.  If designing a new 

mill, DMI would include 24 

hour storage capacity for 

black liquor.  

Yes - The equalization basin 

serves as the spill basin to 

which spills can be diverted 

and then directed back to the 

evaporator plant where 

chemicals can be recovered.  

The new Multi-effect 

Evaporator has increased 

recovery capacity.  

No - Black liquor tanks 

have quite a large capacity 

and have high level alarms, 

auto shutoffs, and are to be 

kept at levels such that they 

do not overflow, but there 

are spills that reach the 

effluent treatment system.  

HP is currently looking at 

adding additional 

containment options and a 

spill pond. 
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Table B2 

Best Available Techniques employed by Alberta’s Kraft Pulp mills from 2008 to 2012 

 

Best Available 

Technique for 

Odour Control

Description of Best Available 

Technique 

Effect of Best Available 

Technique

Alpac - BAT employed 

at your facility?

Peace River Pulp - BAT 

employed at your facility?

Grande Prairie Pulp - BAT 

employed at your facility?

Hinton Pulp - BAT employed 

at your facility?

Stripping of most 

concentrated 

contaminated 

condensates and 

reuse of most 

condensates in the 

process

Concentrated condensates are stripped 

and either incinerated in a dedicated 

burner with SO2 scrubber, or in the lime 

kiln (may cause upsets) or power boiler.  

Moderately contaminated condensates 

are stripped in a system linked to 

evaporation plant, thereby reducing 

additional energy demand, and are then 

incinerated in dedicated burner or lime 

kiln.  Stripping column can be stand alone 

or part of evaporation plant. Clean 

condensates are reused in either bleach 

plant, brownstock washing, lime mud 

washing, as TRS scrubbing liquor for lime 

kilns or as white liquor make-up water. 

Reduces freshwater 

consumption; reduces 

organic pollution load to 

wastewater treatment system 

and reduces COD loading 

and TRS emissions from 

wastewater treatment plant. 

Yes - Foul condensates 

and moderately 

contaminated condensates 

are stripped; nothing is 

sewered and water is 

reused all over the plant; 

in the smelt dissolving, 

brownstock, and 

recausticizing areas.  As 

of August 2012, Stripped 

off-gas has been fed to 

the methanol plant where 

it is condensed to remove 

water from  the methanol.

Yes - All contaminated 

condensates are stripped and 

reused in the process; details 

provided in application.  

Stripper off-gas is usually 

incinerated in the lime kiln, or 

power boiler. 

Yes - New evaporator plant 

has an integrated stripper 

system. The cleanest 

condensates are reused in the 

bleach plant and the less clean 

condensates are reused in 

brownstock washing, etc. 

Stripper off-gas is scrubbed 

first and incinerated in the 

recovery boiler.  Ideally, all 

contaminated condensates are 

stripped and reused. 

Yes - Most condensates are 

directed to the stripper and then 

recycled back to the brownstock 

washer, some condensates that 

aren't stripped are also recycled 

back in the process, but that 

cannot be sustained for long. All 

contaminated condensates going 

to the sewer now are being 

oxidized with Hydrogen peroxide 

before entry into aerated lagoon 

system.    

Biological 

wastewater 

treatment

Aerobic biological treatment through 

aerated lagoons or activated sludge 

systems, although aerated lagoons can 

really no longer be considered BAT.  

Aerated lagoons are earthen basins with 

mechanical aeration equipment, with or 

without a separate settling pond; they are 

less expensive and aren't as efficient.  

Activated sludge systems consist of an 

aeration basin and secondary clarifier in 

which a portion of the activated sludge 

from the clarifier is returned to the 

aeration basin and some is removed.  

Sludge removal and disposal can be 

difficult, but especially in aerated lagoons.    

There are advantages and 

disadvantages to both 

methods but aerated lagoons 

have become less common 

and have been replaced by 

activated sludge systems 

because of their superior 

treatment efficiency.  Odours 

can be generated from the 

anaerobic or anoxic basins 

areas of an aerated lagoon 

and although sludge volumes 

are higher, disposal is easier 

in activated sludge systems.

Yes - Alpac has an 

activated sludge system, 

which is considered more 

efficient than aerated 

lagoons. Retention time is 

4 days for the complete 

process. 

Yes - DMI has an aerated 

lagoon system that consists of 

a spill pond, primary clarifier, 

aerated stabilization basin, 

biosolids storage lagoon, one 

reserve basin, and then a 

diffuser.  The retention time of 

the  treatment system is 8 

days.

Yes - Aerated lagoon system 

consists of two aeration 

stabilization basins, two settling 

ponds, decant ponds and a 

quiescent zone.  Designed 

retention time is 14 days, but 

actual retention is about 7 days.  

Five year plan in place for 

dredging; frequency is based 

on sludge test results and 

effluent quality; dredging helps 

reduce nutrient loading.  Sludge 

cat and centrifuge are used to 

remove solids.   

Yes - Hinton Pulp has an 

aerated lagoon system consisting 

of a primary clarifier, one aerated 

basin and one settling basin.  The 

designed retention time of the 

pond is 7 days, but it's 4-4.5 

days due to less capcity from 

sludge build up.  Solids are 

dredged with a dredging mudcat 

and odour is treated with 

hydrogen peroxide in the 

centrifuge.   
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Table B3 

Best Available Techniques employed by Alberta’s Kraft Pulp mills from 2008 to 2012 

 

Best Available 

Technique for 

Odour Control

Description of Best Available 

Technique 

Effect of Best Available 

Technique

Alpac - BAT employed 

at your facility?

Peace River Pulp - BAT 

employed at your facility?

Grande Prairie Pulp - BAT 

employed at your facility?

Hinton Pulp - BAT 

employed at your facility?

Incineration of 

HVLC odorous 

gases in the recovery 

boiler 

HVLC's are collected from various 

sources throughout the mill and introduced 

to recovery boiler as secondary or tertiary 

air.  Depending on mill layout, several 

systems may be in place and dependent on 

volumes of air flow.  Alternative is alkaline 

scrubber or oxidizing scrubber. 

TRS emissions of HVLC 

gases can be reduced 

almost totally.

Yes - the Recovery 

Boiler is the first option 

for incineration of 

HVLC's and the Power 

Boiler is the second 

option. 

Yes - HVLC's are burned in 

the Recovery Boiler and there 

is no backup option; 

however, the Recovery Boiler 

should be always running.  

Best Management Practice 

should be to have a second 

incineration point.

Yes- HVLC's are incinerated 

in the Recovery Boiler and the 

Power Boiler or Lime Kiln as 

the second and third options.  

No - HVLC's are incinerated 

in the #3 Power Boiler, not 

the recovery boiler.

Incineration of 

HVLC and LVHC 

odorous gases in the 

Lime Kiln

LVHC's are collected and incinerated in 

the lime kiln or in a separate NCG-

incinerator equipped with an SO2 

scrubber. HVLC's can be captured and 

incinerated as either secondary air in Lime 

Kiln or separate furnace, another boiler 

(power), or as secondary or tertiary air in 

Recovery Boiler.  Advantages to using 

lime kiln is no other furnace is required and 

lime mud will absorb sulphur in the gas; 

thereby decreasing SO2 emissions; 

however the capacity is limited. To reduce 

S in the lime kiln, S content of fuel can be 

reduced or NCG's can be scrubbed 

before burning.

Reduce over 90% of TRS 

by capturing and incinerating 

LVHC's, and TRS control 

can also reduce the 

emissions to wastewater 

treatment systems. 

Fluctuation of gas heating 

values may cause difficulties 

in achieving lime of good 

uniform quality 

(condensation of methanol 

after stripping column can 

minimize variation).

No - LVHC's are 

incinerated in the Power 

Boiler and if the Power 

Boiler is not available, 

then the Limit Kiln is used 

to incinerate LVHC's.  

The Lime is not he first 

option because of 

concerns of upsets to 

process control.

No - LVHC's are usually 

burned in the Power Boiler 

and the Lime Kiln is used as a 

second option for incineration.

No - LVHC's are incinerated 

in the Recovery boiler because 

it already has low SO2 

emissions and has extra 

capacity to incinerate sulphur 

compounds.  The Power 

Boiler and Lime Kiln are used 

as backups.

No - Both LVHC's and 

HVLC's are primarily 

incinerated in the #3 Power 

Boiler because of concerns 

that extra S in the recovery 

boiler will affect corrosion, 

smelt quality and SO2 

emissions.  The Lime Kiln is 

used as a back-up and HP is 

looking at using the #2 Power 

Boiler as a second backup 

option.
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Table B4 

Best Available Techniques employed by Alberta’s Kraft Pulp mills from 2008 to 2012 

 

 

Best Available 

Technique for 

Odour Control

Description of Best Available 

Technique 

Effect of Best Available 

Technique

Alpac - BAT employed 

at your facility?

Peace River Pulp - BAT 

employed at your facility?

Grande Prairie Pulp - BAT 

employed at your facility?

Hinton Pulp - BAT employed 

at your facility?

Incineration of HVLC 

and LVHC odorous 

gases in a separate 

furnace and scrubber

Collection of LVHC and HVLC 

gases with incineration in separate 

incinerator with SO2 scrubber. 

Reduces over 90% of TRS 

emissions, but increases 

nitrogen oxide emissions if no 

counter measures are taken. 

No - LVHC's are 

incinerated in a separate 

furnace, the Power 

Boiler, but it is not 

equipped with a SO2 

scrubber. 

No - LVHC's are burned in a 

separate furnace, the Power 

Boiler, but it is not equipped 

with a SO2 scrubber. 

No - HVLC's and LVHC's, as 

well as stripper off gas, are 

incinerated in the Recovery 

Boiler. 

No - Both LVHC's and HVLC's 

are primarily incinerated in the #3 

Power Boiler, but it is not 

equipped with an SO2 scrubber.  

The Lime Kiln is a backup option 

and HP is looking at tying in #2 

Power Boiler as a backup.

Improved washing of 

lime mud

Lime used to causticize green liquor 

into white liquor must be washed 

and burned in the lime kiln before it 

can be reused.  Washing removes 

residual sodium hydroxide, sodium 

sulphide and other sodium salts.  

Mud must then be dewatered, 

usually done by clarifiers or press 

filters.  Two stage mud washers 

used to be common but single stage 

washing in a clarifier with storage or 

in a pressure filter has been the 

dominant method.

Improved washing reduces 

residual content of white liquor 

in the mud and increases mud 

dryness; reduces sulphide in 

mud and reduces formation of 

H2S during burning (based on 

availability of sodium in the 

lime). Too much washing 

removes too much sodium and 

increases TRS and PM 

emissions.  Monitoring of 

residual sodium hydroxide is 

required to avoid damming the 

Yes - Lime mud is 

washed in two pressure 

filter wash stages and 

then in a drum wash filter.  

Sodium hydroxide is 

tested continually.

Yes - Lime mud is washed in 

a two step process, pressure 

filter and drum wash.  

Freshwater is used for 

washing and lime mud quality 

is monitored.

Yes - Lime mud is washed in a 

two stage process and then 

dewatering in a pre-coat filter.

Yes - Lime mud is washed is a 

two stage process; first in the 

pressure filter for washing and 

dewatering and then in the pre-

coat filter for washing and 

dewatering.  Lime mud is tested 

regularly because removal of 

impurities like sulphur improves 

the process. 


