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1 Introduction 
1.1 Reason for Submission 

Hope Bay Mining Limited (HBML) is currently further developing the infrastructure for the Hope 
Mining Project in Hope Bay, Nunavut, Canada.  Part of this infrastructure development is for the 
effective incineration of appropriate waste in accordance with the Water Licence No: 2AM-
DOH0713 issued to HBML by the Nunavut Water Board (NWB).   

HBML are required under the Type A Water Licence (Parts G) to submit to the NWB an 
Incineration Management Plan (Section 5) in conjunction with a revised Landfill Management Plan 
(Section 9).  The plan, as defined in the License shall consider the following: 

a) Recycling/segregation waste program 
b) Incineration technology selected 
c) Waste audit – amount and types of wastes to be incinerated or otherwise  disposed 
d) Consolidation of wastes 
e) Operational and maintenance records 
f) Operator Training 
g) Emission measurements 
h) Incinerator Ash disposal 
i) Consideration for disposal of used oil and waste fuel 
j) Monitoring, characterization, and disposal of incinerator ash. 

This Incinerator Management Plan has been prepared and is being submitted by Hope Bay Mining 
Limited to address the requirement specified in Part G, Section 5 of the Water Licence No: 2AM-
DOH0713.  The plan addresses all relevant aspects of the operation, maintenance and monitoring of 
the Westland Model CY-100-CA-D-O incinerator located at the Roberts bay site, and the 
management of all residual materials (ash) generated by the operation of the incinerator.  This 
incinerator services the Doris North Camp. 

1.2 Project Location 

The Hope Bay Gold Mining Project located on Inuit Owned Land in the West Kitikmeot region of 
Nunavut approximately 125 km southwest of Cambridge Bay and 75 km northeast of Umingmaktok 
(Figure 1).  The various elements of Hope Bay Project are centred at approximately 680 09’ N and 
1060 40’ W and extend from the head of Roberts Bay (an extension of Melville Sound) in the north 
to the Boston site located approximately 70 km to the south (Figure 1).  

1.3 Incinerators at Hope Bay 

There are currently two incinerators at the Doris North Project at Hope Bay.  The location, 
operational state and model type of the incinerators are identified below and in Figure 2. 
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• Doris Camp incinerator is located at Roberts Bay at:  N 68    10.470'   W 106   37.111'  (In 
service) (Model CY 100- CA- D-O) (Dual Chamber) 

• Incinerator at Roberts Bay Roberts Bay, Coordinates:   N 68    10.476'   W 106   37.322'  
(Not in service) (Model CY-1020 FA). 

1.4 Operator 

The Hope Bay Project is owned and operated by: 

Project Operator:   Hope Bay Mining Ltd. 
Suite 300 -899 Harbourside Drive 
North Vancouver, B.C.  V7P 3S1 

Hope Bay Project Contacts: 
 
Corporate:    Mr. William Patterson 

Environmental Compliance Manager 
Hope Bay Mining Ltd. 
Tel. 303 837 5661 

 
Hope Bay Site:   Mr. Fred Penner 

Site Manager 
Hope Bay Mining Ltd. 
Tel. 604 759 4708 
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1.5 Plan Objectives 

The objectives of managing and appropriate incinerations of wastes are numerous.  Consistent with 
HBML’s intent to be a responsible operator these objectives are described as follows:  

• Compliance with regulatory and permit requirements 
• Prevention of public health risk 
• Protection of the operator  
• Protection of surface water 
• Protection of groundwater 
• Protection of land 
• Protection of local species 
• Conservation of resources 
• Protection of community amenity. 

This Incinerator Management Plan has been developed to ensure that these factors are built into the 
HBML operational approach to working at Hope Bay. 

1.6 History of Incinerator Management Plan 

This, the Hope Bay mining Limited Incinerator Management Plan – Revision 0 will be reviewed on 
a regular basis (at least once per calendar year) and revised as required. Each revision will be 
recorded in Table 1. 
Table 1:  History of Incinerator Management Plan Revisions 

Revision 
Number Review Date Description of Revisions Revised By 

0 May 2009 Initial issuance of Incinerator Management Plan Not applicable 

1.7 Responsibility 

The Site Manager has overall responsibility for this management plan and will be the party to 
provide the resources to operate and maintain the Westland Model CY-100-CA-D-O Incinerator 
located at the Roberts Bay site.  The Site Manager will have site responsibility for the 
implementation of this management plan and will be responsible to provide the on-site resources to 
operate, manage and maintain the Incinerator in accordance with the manual; conduct regular 
inspections of the incinerators; and provide input on modifications in design and operational 
procedures to improve operational performance of the facilities.  The Site Manager, will provide 
daily supervision to site operational personnel on the operation of the incinerator. 

The site Environmental Coordinator has responsibility to regularly review and keep this management 
plan up-to-date; provide technical expertise to the site operational personnel and maintenance of the 
incinerator, reporting on the performance of the incinerator, residuals (ash) management; conduct 
annual audits of the waste management and incineration; and provide an audit report to the Site 
Manager.   
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2 Applicable Legislation, Licensing and 
Guidelines 

2.1 Water License 

With regard to waste management and incineration, Part G of Water License No: 2AM-DOH0713 
states: 
5.  The Licensee shall dispose of all food waste in an incinerator designed for this purpose. 

6.  The Licensee shall ensure that any on‐site incinerator meets the requirements of the 
Canada‐Wide Standards for Dioxins and Furans and Canada‐Wide Standards for 
Mercury Emissions. 

7.  The Licensee shall submit to the Board for review by May 1, 2008 an Incineration 
Management Plan in conjunction with Part G, Item 9. 

8.  The Licensee is restricted to the open burning of paper products, paperboard packing and 
untreated wood waste in accordance with the Government of Nunavut policy Municipal 
Solid Wastes Suitable for Open Burning. 

9.  The Licensee shall submit to the Board for review by May 1, 2008, a revised Landfill 
Management Plan. The Plan shall consider the following: 

Recycling/segregation waste program: 

a) Incineration technology selected 
b) Waste audit – amount and types of wastes to be incinerated or otherwise disposed 
c) Consolidation of wastes 
d) Operational and maintenance records 
e) Operator Training 
f) Emission measurements 
g) Incinerator Ash disposal 
h) Consideration for disposal of used oil and waste fuel 
i) Monitoring, characterization, and disposal of incinerator ash. 
10.  The Licensee is authorized to dispose of and contain all non‐hazardous solid wastes at the 

Landfill or as otherwise approved by the Board. 

2.2 Canada-Wide Standards for Dioxins, Furans and Mercury 

Canada has identified dioxins, furans and mercury as emission products that need to be controlled as 
they pose a potentially significant health and environmental threat.  This section presents an extract 
of the Canada Wide Standards which are made available in full in Appendix A and B. 
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2.2.1 Dioxin and Furans 

Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs), commonly 
known as dioxins and furans, are toxic, persistent, bioaccumulative, and result predominantly from 
human activity.  Due to their extraordinary environmental persistence and capacity to accumulate in 
biological tissues, dioxins and furans are slated for virtual elimination under the Canadian 
Environmental Protection Act (CEPA), the Federal Toxic Substances Management Policy (TSMP) 
and the CCME Policy for the Management of Toxic Substances.  

Dioxin and furan contamination found in soil, water, sediments, and tissues (in situ contamination), 
is the subject of national guidelines for dioxins and furans.  These guidelines outline ambient or 
“alert levels” which may be used by jurisdictions as benchmarks for the management and monitoring 
of dioxins and furans already present in the environment.  

The Canada-wide Standards process has focussed on anthropogenic sources that are releasing 
dioxins and furans to the atmosphere and soil in a continuous process.  Waste incineration has 
historically been responsible for a significant portion of the dioxins and furans emitted in Canada.  
The total release of dioxins and furans from this sector amounts to 44.9 g/ TEQ/y or 22.5% of the 
total releases to the atmosphere.  Improved exhaust gas controls to reduce emissions of acid gases 
and fine particulates or activated carbon injection systems have decreased emissions of both mercury 
and dioxins and furans from the municipal solid waste (MSW) sector. 

The following standards are a step towards achieving virtual elimination for dioxins and furans.  For 
new or expanding facilities of any size, application of best available pollution prevention and control 
techniques, such as a waste diversion program, to achieve a maximum concentration1 in the exhaust 
gases from the facility as follows: 

• Municipal waste incineration 80pg I-TEQ/m3 

• Medical waste incineration 80pg I-TEQ/m3 

• Hazardous waste incineration2 80pg I-TEQ/m3 

• Sewage sludge incineration 80pg I-TEQ/m3 

For existing facilities application of best available pollution prevention and control techniques, to 
achieve a maximum concentration1 in the exhaust gases from the facility as follows: 

• Municipal waste incineration: 
> 26 Tonnes/year 3 80pg I-TEQ/m3 
< 26 Tonnes/year 4 80pg I-TEQ/m3 

• Medical waste incineration: 

                                                      
1 Stack concentrations of dioxins and furans will be corrected to 11% oxygen content for reporting purposes. 
2 Hazardous waste incinerators include all facilities that burn hazardous waste including low level radioactive waste;  
however they do not include facilities that use waste derived fuel or used oil. 



SRK Consulting  
HBML Doris North Incinerator Management Plan – FINAL Page 8 

DGH/MV/sdc Incinerator Management Plan_Report_1CH008.009.500_MV_20090804_FNL.docx July 2009 

> 26 Tonnes/year3 80pg I-TEQ/m3 
< 26 Tonnes/year4 80pg I-TEQ/m3 

• Hazardous waste incineration 2 80 pg I-TEQ/m3 

• Sewage sludge incineration 100 pg I-TEQ/m3 

Any new or expanding facility will be required to design for and achieve compliance immediately 
upon attaining normal full scale operation, compliance to be confirmed by annual stack testing. 
Based on determined efforts in working towards virtual elimination, existing facilities will be 
required to meet the standards on the following schedule: 

• Municipal waste incineration 2006 

• Medical waste incineration 2006 

• Hazardous waste incineration 2006 

• Sewage sludge incineration 2005 

In addition to the continuing efforts of waste incinerator operators to destroy or capture emissions of 
dioxin and furans, emphasis will be placed on identifying and implementing opportunities to prevent 
the creation of dioxins and furans as well as emissions of air pollutants and ash quality generally.  As 
an initial action with shared responsibility by all jurisdictions, strategies identifying opportunities to 
minimize waste incineration emissions of air pollutants including dioxins and furans will be 
developed through a multi-stakeholder process by December 31, 2001 to provide a framework for 
continual progress towards the elimination of dioxin and furans.  Recognizing that many 
opportunities for minimizing air pollutant and ash emissions and specifically avoiding the creation of 
dioxins and furans fall beyond the exclusive influence of the operators of waste incinerators, 
preparation of this strategy must engage a wide range of stakeholders.  

2.2.2 Mercury 

Waste incineration has historically been responsible for a significant portion of the mercury emitted 
in Canada, however reductions in emissions have been apparent.  Improved exhaust gas controls to 
reduce emissions of acid gases and fine particulates or activated carbon injection systems have 
decreased emissions of both mercury and dioxins and furans from the municipal solid waste4 sector.  
At the same time, action has been taken by many product manufacturers to reduce the mercury 
content of consumer goods which could end their life cycle in domestic solid waste (e.g., alkaline 
batteries) and thus have reduced the mercury available in the waste stream. Mercury from this sector 
is estimated to be 446 kg/year.  Many medical waste incinerators5 have closed for economic or 
environmental reasons, but a range of medium- to small-sized facilities remain which alone are small 
sources, but as a sector are considerable, emitting an estimated 250 kg/yr.  Two sectors in which 
emission reductions are not apparent, hazardous waste6 (550 kg/yr) and sewage sludge (285 kg/yr) 
incineration, can achieve reductions either through source control or gas-controls. 
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Emission limits are expressed as a concentration in the exhaust gas exiting the stack of the facility. 
New or expanding facilities will be expected to comply immediately with the standard, and it will be 
up to individual jurisdictions to determine what constitutes a significant expansion to trigger the 
standard.  The limits for existing facilities are capable of being met using generally available 
technology (or waste diversion).  Larger facilities will be subject to annual stack testing to verify 
compliance with the limit and smaller (medical, municipal) facilities will have the option of 
reporting on a successful mercury diversion plan or of conducting a one-time stack test, to illustrate 
progress towards the standard. 

For new or expanding facilities of any size, application of best available pollution prevention and 
control techniques, such as a mercury waste diversion program, to achieve a maximum concentration 

in the exhaust gases from the facility as follows: 

• Municipal waste incineration 20 μg/Rm3 

• Medical waste incineration 20 μg/Rm3 

• Hazardous waste incineration 50 μg Rm3 

• Sewage sludge incineration 70 μg/Rm3 

For existing facilities application of best available pollution prevention and control techniques, to 
achieve a maximum concentration in the exhaust gases from the facility as follows: 

• Municipal waste incineration 
> 120 Tonnes/year 9 20 μg/Rm3 
< 120 Tonnes/year10 20 μg/Rm3 

• Medical waste incineration 
> 120 Tonnes/year 9 20 μg/Rm3 
< 120 Tonnes/year10 40 μg/Rm3 

• Hazardous waste incineration 50 μg/Rm3 

• Sewage sludge incineration 70 μg/Rm3 

Stack concentrations of mercury will be corrected to 11% oxygen content for reporting purposes. 

Timeframe for achieving the targets are defined as any new or expanding facility will be required to 
design for and achieve compliance immediately upon attaining normal full scale operation, 
compliance to be confirmed by annual stack testing or an equivalent emission rate as confirmed by 
an audit of a waste diversion program. 

Existing facilities will endeavour to meet the standards on the following schedule: 

• Municipal waste incineration 2006 

• Medical waste incineration 2006 

• Hazardous waste incineration 2003 

• Sewage sludge incineration 2005 
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2.2.3 Waste Management under the CWS 

Canada has also recognized that to minimize air pollutant and ash emissions the best strategy is to 
specifically avoiding the creation of dioxins and furans.  Various mechanisms to give effect to the 
reduction are: 

• Waste diversion to minimize generation of waste 

• Waste reduction 

• Material reuse  

• Waste segregation  

• Combustion control  

• Alternative disposal or treatment technologies. 

2.2.4 Water License Emission Testing Requirements 

The following parameters are required to be monitored based on the conditions specified in the water 
licences: 

• Dioxin 

• Furan 

• Mercury emissions 

• Vol. Flow rate (out of stack) 

• Stack gas Temp 

• Moisture content. 

Optional: 

• SO2 

• NO2 

• O2 

• Particulates. 
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3 Waste Management at Hope Bay 
Waste at Hope Bay is currently handled and processed in a variety of ways, with all resulting in 
material being backhauled to Yellowknife for disposal.  This is not necessarily an ideal situation as 
there is a significant environmental and economic cost to hauling waste.  To be consistent with the 
Canada Wide Standards (CWS) presented above, opportunities for local processing of waste at Hope 
Bay should be investigated.  This includes the composting of vegetable matter from kitchens, if it 
can be shown not to attract bears, and UV processed sewage sludge.  These two components 
represent the bulk of the material that needs to be incinerated and also a potential source of dioxins, 
furans and mercury which cannot easily be diverted from the incineration process.  The water licence 
however requires all food waste to be incinerated, which is directly at odds with the requirement of 
the CWS. The reduction of the volumes of waste that need incineration and maximising the amount 
of waste that can be processed via composting on site would be the ideal for waste management.   

The sewage management plans that have been prepared for Hope Bay also identify compositing of 
sewage sludge as a key opportunity for the management of waste.  Furthermore there is untreated 
wood waste which is currently being backhauled to Yellowknife. This wood could be chipped and 
added to the composting process to increase the cellulose content of the compost.  This would create 
a ready supply of compost for the future remediation of areas that have been disturbed.  The potential 
for composting has been confirmed in Northern areas by work done in Iqaluit my Mr Jim Little and 
reported by the Composting Council of Canada.  In their test composting schemes they achieved 
temperatures of 59°C in summer, which is adequate to destroy many of the harmful pathogens. This 
temperature would probably be higher with an increased cellulose load.  The heat makes the 
composting season longer than just the short summer period and creates the opportunity for using the 
heat in space heating.   

In order to minimise volumes of waste in all parts of the life cycle and reduce the potential for it to 
cause harm in processing or transport, the following is recommended but may require changes to the 
water license and operations at Hope Bay: 

Waste Minimisation 
• Reduction of packaging sent to Hope Bay 
• Use of bulk supplies only 
• Use of non PVC based medical devices 

Composting 
• Vegetable based food waste 
• Sewage sludge 
• Untreated wood waste 
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Incineration 
• Medical waste (Minimising plastics and PVC) 
• Sewage course filter 
• Meat and bone products from food supply 

Waste Backhaul, Recycling and Disposal 
• All metal waste (Recycle) 
• All glass waste (Recycle) 
• All painted or treated wood waste (Dispose) 
• All plastic materials (Especially PVC) (Recycle/Dispose) 
• All hazardous chemical waste (Dispose) 
• All used hydrocarbons (Oils etc) (Process) 
• All contaminated soil material (Remediate). 

The broad philosophy underpinning the management of Waste at Hope Bay is: 

• Eliminate non useable goods: Prevent non useable material from being sent to Hope Bay 

• Reduce waste volumes: Bulk supply tends to reduce the amount of waste from packaging 

• Recycle products on-site: Find second life for packaging items etc on site 

• Recovery of Waste: On-site composting etc 

• Process hazardous and non compostable waste: Incineration on-site and backhauling for safe 
disposal and recycling. 

Hope Bay Mining Limited are in the process of producing a more comprehensive Waste 
Management Plan for the site.  This is an extract from that document.  The Waste Management Plan 
is not repeated here, although incineration forms a key part of the current waste management 
strategy. 

Waste management is an important part of maintaining a high level of performance in operations and 
to ensure this for incinerator operations, Hope Bay Mining Limited has had the supplier of the 
equipment train all operators.  The training has been focussed on explaining the principles of 
incineration as well as the safe and efficient operation of the incinerators. 
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4 Hope Bay Incinerator Emission Management 
Incineration is essentially combusting material (thermal oxidation) under controlled conditions so as 
to render it less harmful and reduce volume by on average 95%.  During combustion to ash, 
potentially harmful medical waste and sewage sludge can be sterilized and eliminated, medical 
sharps eliminated and the general waste significantly reduced in volume.  The main products of 
incineration are: 

• Heat 

• Ash 

• Gaseous emissions.   

Incineration was initially considered to be an elegant solution to waste problems, but as 
understanding has grown, it has become apparent that both the ash and gaseous emissions can have 
potentially negative impacts as well as pose a health risk.  This section of the incinerator 
management plan has been developed so the potential risks can be understood and that the 
information can be used to better manage the incinerators and waste at Hope Bay.   

4.1 Ash Management 

Ash from waste incinerators is known to contain heavy metals and potentially dioxins and furans.  
The ash at Hope Bay is placed into drums, sealed and transported to Yellowknife for safe disposal at 
a permitted hazardous waste landfill site.  In Appendix C, waste manifests of this disposal are 
provided.   

In essence the only way to improve the ash composition is to remove items that are not wanted as 
residuals in the ash.  To reduce the ash volume incineration volume needs to be reduced.  Both these 
options are explored in greater detail below.   

4.2 Emission Management 

Dioxins and Furans are some of the most dangerous by-products of incineration and can occur in 
waste ash as well as emission products from incinerators.  Understanding how they are formed and 
how they can be minimised is an important part of incinerator management.  The term “dioxins” 
refers to the family of compounds comprising polychlorinated dibenzo-p-dioxins (PCDDs) and 
polychlorinated dibenzofurans (PCDFs) and are frequently grouped together simply as dioxins. 

Dioxin and furan control is important to minimise the potential health effects of incinerator 
operation, but analytical costs are high, so most operators only conduct testing where it is a 
regulatory requirement.  Air emissions are most frequently monitored, but incineration waste streams 
such as the bottom ash, scrubber sludge, fly ash material and wet scrubber effluent discharged to 
sewer may also contain dioxins and furans.  Due to the cost involved in monitoring the dioxins and 
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furans, the focus is frequently placed on minimising their formation by careful operational control 
and careful waste separation to eliminate products that tend to increase the availability of catalysts 
and chlorine compounds. 

4.2.1 Description of Dioxins and Furans 

Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) are a group 
of tricyclic aromatic hydrocarbons substituted with one to eight chlorine atoms.  These compounds, 
commonly known as ‘dioxins’ or ‘dioxins and furans’, are found virtually everywhere on earth, with 
the main transport mechanism being atmospheric dispersion and deposition. 

In molecular structure, a dioxin consists of two benzene rings connected by a pair of oxygen atoms 
and a furan consists of two benzene rings connected by a single oxygen atom and a C-C bond.  Each 
of the eight carbon atoms on the rings that is not bonded to an oxygen atom or another carbon atom 
can bond with atoms of other elements.  By convention these positions are assigned the numbers 1 
through 4 and 6 through 9. PCDDs and PCDFs are bonded with 1 - 8 chlorine atoms.  Figure 3 and 
Figure 4 show the molecular structures of PCDDs and PCDFs, respectively. 

Figure 3:  Molecular structure of Polychlorinated Dibenzo-p-Dioxins (Unilabs) 

Figure 4:  Molecular structure of Polychliorinated Dibenzofurans (Unilabs) 
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4.2.2 Environment and Health Effects 

Dioxins and furans are highly stable compounds and extremely persistent in nature.  They are 
virtually insoluble in water but are soluble in lipids, a combination of factors that encourage dioxins 
to enter fatty tissue and accumulate in food chains.  Dioxins enter the general population almost 
exclusively from ingestion of food, specifically through the consumption of fish, meat, and dairy 
products since dioxins are fat-soluble and bio-accumulate upwards in the food chain.  

Dioxins are known to be highly toxic to animals and humans, with laboratory animal tests indicating 
the following health effects: 

• Teratogenic effects (malformations of the foetus) 

• Liver damage 

• Decreased reproduction and growth rates 

• Cancer promotion 

• Behavioural changes. 

4.2.3 Dioxin and Furan Sources 

Dioxins and furans can form through natural processes such as bush fires, volcanic eruptions, but the 
toxic forms of the compound are primarily from anthropogenic sources.  Dioxins and furans are not 
manufactured, but form as unwanted by-products in the manufacture of organochlorine chemicals 
including herbicides and PVC, various combustion and metallurgical processes and chlorine 
bleaching of paper.  Dioxins and furans are produced in small concentrations when organic material 
such as sewage sludge, is burned in the presence of chlorine, whether the chlorine is present as 
chloride ions or as organochlorine compounds.  Incineration of solid waste, medical waste, sewage 
sludge, and hazardous waste all potentially produce dioxin emissions.   

It is probable that many of these waste streams will be incinerated on site.  Of particular interest in 
this management plan is the incineration of sewage sludge that is produced on the site.  Sewage 
sludge is known to contain both chlorine compounds and the metals that catalyze the formation of 
dioxins and furans.  Medical waste, including PVC devices (PVC contains approximately 60% w/w 
chlorine), metal and chlorine in organic material are prime feedstock for producing dioxins and 
furans.  Dioxin and furan formation can be expected to form at the Hope Bay incineration complex if 
these materials are incinerated on site. 

4.2.4 Dioxin and Furan Formation in Incinerators 

Incineration is the rapid oxidation of material with the formation of heat and typically solid ash and 
gaseous waste products.  The exact mechanism of dioxin and furan formation in incinerators is 
poorly understood, but generally they form from the thermal breakdown of organic materials in the 
presence of transition metals and chlorinated compounds.  Dioxin formation takes place as the flue 
gas from the incineration process cools from the initial 1000°C down to about 250°C, with peak 
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dioxin and furan formation occurring in the range of 650°C to 250°C.  It is thought that metals such 
as  copper (Cu), iron (Fe), lead (Pb), cadmium (Cd), arsenic (As), nickel (Ni), zinc (Zn) and mercury 
(Hg) need to be present in the flue gas to catalyze the formation of dioxins and furans. 

There are three generally accepted theories for dioxin and furan formation: 

• Contaminated feedstock: feed material possibly contains dioxins and some portion of this 
survives the thermal stress of combustion and is subsequently emitted from the stack. 

• Thermal breakdown of ‘precursor’ compounds such as chlorinated aromatic hydrocarbons such 
as PCBs. Dioxin and furan formation may occur after the precursor molecule is adsorbed onto 
the surface of fly ash.  A temperature range of between 250 – 400ºC is needed. 

• De novo synthesis of dioxins and furans occurs when completely different molecules react to 
form precursors and, eventually, dioxin-like molecules.  A temperature range of between 250 – 
400ºC is needed. 

4.2.5 Control of Dioxins from Incinerators 

Control of dioxin emissions from incinerators may be undertaken in any of the following five ways: 

• Restricting chlorinated feed materials 

• Combustion control 

• Flue gas cooling 

• Formation restriction 

• Flue gas scrubbing. 

4.2.6 Restricting Chlorinated Feed Materials 

Chlorine in almost any form is the key component required for dioxin and furan formation.  
Reducing or removing the chlorinated material that enters incinerators is the first minimization 
strategy to possibly reduce the formation of dioxins and furans.  To remove all chlorine compounds 
is extremely difficult as it is used in the manufacture of many products and in many cases there are 
no substitutes.  PVC containing products should however, be eliminated from the incinerator waste 
stream as far as is possible as it is such a significant source of chlorine.  If sewage sludge is being 
incinerated it is particularly difficult to eliminate, as chlorinated compounds are always present in 
sewage sludge. 

Logically the elimination of a compound from a waste stream is sensible, but may not be practical in 
this case.  It also needs to be borne in mind that there are some studies which suggest that this will 
have limited impact as it is impossible to eliminate all chlorine compounds and that dioxins and 
furans will still form. 
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4.2.7 Combustion Control 

Combustion control during incineration typically requires temperatures of over 1000°C and 
residence times at that temperature of greater than 2 seconds.  Under these conditions thermal 
destruction of dioxins and furans appears to occur and chlorine compounds are broken down to the 
extent that the precursors for later de novo synthesis post combustion is minimized.  

4.2.8 Flue Gas Cooling 

During the incineration process, after combustion and typically in the cooling flue gas dioxins and 
furans can reform or form de novo in the atmosphere above the stack.  The thermal window for 
dioxin and furan formation is 650°C to 200°C as the exhaust gases cool.  Typically a rapid cooling is 
sought, 30 millisecond (ms), to minimise the opportunity for furan formation.  As the incinerator is 
in Nunanvut where the ambient air temperatures are low, the rapid cooling will be favoured, though 
the cooling of the flue gas through that window is likely to take longer than 30ms.  In addition it also 
suggests that if ambient conditions are warm during the summer that a higher amount of dioxins and 
furans will likely form. 

4.2.9 Dioxin and Furan Formation Restricting  

Sulphur dioxide (SO2) in the flue gas appears to have a significant inhibition mechanism in the 
control of dioxin formation. Sulphur reduces formation rather than destroy dioxins and furans.  The 
presence of SO2 depletes molecular chlorine and in fly ash reportedly deactivates copper catalysis.  
The choice of fuel, using higher sulphur fuels, may therefore also reduce dioxin and furan formation, 
however this may create noncompliance on the sulphur emissions from the facility.  Currently low 
sulphur fuels are being used in the incinerator. 

4.3 Dioxin and Furan Control at Hope Bay 

Hope Bay Mining limited has selected incinerator technology that should reduce the extent to which 
dioxins and furans can form.  This is achieved through the following mechanisms: 

• Burn Control: The site is using double chamber incinerator technology with a clear burn 
process defined which eliminates spurious burn conditions and operator error.   

• Temperature and Residence Time: The dual chamber system has a residence time of two 
seconds or greater at 1000°C.  This should allow all the materials to be combusted completely so 
that no precursors are available for dioxin and furan formation during cooling. 

• Rapid Emission Cooling: The stack is lined and the exit gas temperature is 1000°C.  The 
elevated emission point and the velocity of exit into the generally below 0°C ambient air should 
see the emissions drop through the 650°C to 200°C window for dioxin and furan formation very 
rapidly.  The arctic climate and cool temperatures are ideal for cooling the emission gas stream 
rapidly. 
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• Elevated Stack Mixing: The elevated stack will allow for adequate mixing and higher wind 
speeds which will enhance cooling. 

The most important control of emissions that can be effected without using technology however, is 
based on an option that controls the waste stream that is put into the incinerator.  If materials that act 
as the precursors or building blocks to dioxin and furan formation can be reduced, the potential for 
the formations of the compounds should also be reduced. Waste stream management is considered in 
the remainder of this section. 

4.3.1 Waste Composition 

The waste composition as identified by Westland Environmental Services, the suppliers of the waste 
incinerator, is provided in Table 2 below.  Understanding the typical waste stream composition is 
important as it leads to one of the key opportunities for waste management generally and specifically 
for incineration control on the site.  The typical waste streams from Boston and Windy Camps are 
used as indicative of the waste stream that will occur at Doris Camp. 

Table 2:  Typical Waste Stream Composition at Hope Bay 

Waste Type Boston Camp 
Percentage of waste by weight 

Windy Camp 
Percentage of waste by weight 

Food waste 70 65 
Paper 25 28 
Plastic 3 4 

Inorganic 2 3 
Food Waste: Plate scrapings, vegetable peelings, meat scraps, bread, bones, etc. 
Paper: Napkins, cardboard or office paper products, insulated coffee cups, etc. 
Plastics: Food containers/wrapping, plastic bottles and lids, coffee cup lids, knives, forks, kitchen grease, etc. 
Inorganic: Metal cans, foil, etc. 
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4.3.2 Waste Separation 

The following components of the waste stream must be removed before incineration to reduce the 
presence of potential catalysts and to reduce the presence of materials that may form or act as 
precursors for the formation of dioxins and furans. 

• Eliminate Metals: The inorganic component of the waste is largely made of metal containing 
wastes.  On combustion it is possible for these metals to become catalysts for the formation of 
dioxins and furans and it is therefore important that all metal be eliminated from the waste 
stream destined for incineration.  The metals include, foils, batteries, nails and screws, painted 
wood products, aerosol cans, etc. 

• Eliminate Plastics: Plastics, particularly PVC should be eliminated from the waste stream to be 
incinerated as far as is possible.  The chlorine compounds contained in PVC are an ideal building 
block for the formation of dioxins and furans. 

• Burn Medical Waste Separately:  Medical waste can potentially be the biggest source of dioxin 
and furan forming material.  By burning the medical waste separately, better combustion control 
of this waste is assured.  Medical waste will contain a mix of sharps made of metal, plastics 
(frequently PVC) and organic material which frequently contain chlorine compounds.  This is an 
ideal mix for forming dioxins and furans.  Ideally Hope Bay should look to purchase non-PVC 
based medical equipment and supplies.  Most medical waste is currently being returned to 
Yellowknife for safe disposal and is not being incinerated on site. 

• Burn Sewage Sludge Separately:  Although the incinerators are not specifically designed for the 
combustion of sewage sludge the material will combust at the right temperatures if it is 
adequately dry and placed in the incinerator.  It is important that plastics and metals are not 
combusted at the same time as the sewage sludge.  Sewage sludge tends to concentrate up heavy 
metals and is known to contain chlorine and sulphur compounds.  Again an ideal mix for dioxin 
and furan formation.  Proper combustion of the sludge is required to ensure that dioxins and 
furans do not form in the chamber.  The sulphur present in the waste stream should also reduce 
the formation of dioxin and furans as the exit gases cool through the formation window. 

By following these waste separation guidelines the extent of dioxin and furan formation will be 
reduced, although it is unlikely that it will be totally eliminated.  As there will likely be some 
formation of dioxin and furans at the various incinerators it is important to also consider ambient 
weather conditions when incinerators are operated. 

4.4 Weather and Incineration 

The climate of the arctic is dominated by a near surface inversion for most of the year (Kahl et al, 
1992).  These inversions are particularly important in pollution management as they do not favour 
active pollutant dispersion.  Maximum inversion depth and temperature difference across the 
inversion layer occurs in February and March, while the minimum occurs in August and September. 
The annual progression of inversion characteristics closely follows the annual pattern of clear-sky 
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percentages.  This reflects the controlling influence of cloud and clear-sky radiative forcing on the 
inversion layer. 

Pollution in the air tends to concentrate at the top of the inversion layer, which suggests that any 
potential toxic or harmful gaseous emissions from the incinerators may be dispersed from the 
immediate site of the incinerator but potentially affect areas further from the site with a greater dose 
of pollutants. 

4.4.1 Base Height and Depth of Inversions 

Based on data by Khan et al, surface-based inversions can occurring at least 50% of the time from 
September or October until April. Inversions were based at or within a few metres of the surface at 
least 75% of the time during these winter months in their study.  During the summer the inversions 
still occur, but less frequently with a minimum of 50% of days in their study.  During the summer 
months, solar radiation warms the surface and, subsequent to snowmelt, warms the atmosphere near 
the ground. This heating, in conjunction with turbulent mixing lifts the inversion layer above the 
surface.  Under the elevated and weakened inversion conditions emission dispersal is enhanced. 

In the Khan et al study, the inversion depth peaked at all stations in February or March, with median 
values ranging from 545 m 1177 m at the various stations they monitored.  The median temperature 
difference across the inversion reached an annual maximum in February or March, ranging from 
14°C to 5°C. Minimum median values of inversion depth ranging from 212 m at Cambridge Bay to 
457 m at Arctic Bay were reached in September in their study. Minimum median values of 
temperature difference across the inversion, 1-2°C were typically found in August and September. 

For Hope Bay incineration operations, this suggests that materials that contain high levels of PVC 
such as medical waste, should be destroyed by preference in the summer months as the dispersion of 
any dioxins and furans which may form post stack will be dispersed rapidly.  Winter incineration is 
possible as the ambient temperatures are very low and cooling of the gaseous emissions will occur 
rapidly through the 650°C to 200 °C window. 

Of paramount importance for the incineration operations at Hope Bay , that will likely occur every 
day is to ensure that the wind direction is such that the incinerator will not be directly upwind of any 
camp or place where people congregate.  The wind roses for the site indicate that the predominant 
wind direction for the Hope Bay area is WNW.  This suggests that the Roberts Bay and Boston 
Camp incinerators will have minimal effect on Doris Camp and the Boston Camp Residential Camp 
for the bulk of the time.  The Roberts Bay incinerator is however directly upwind from the laydown 
area at Roberts Bay, and people working in this area could be exposed to emissions for the bulk of 
the time. 

The location of the incinerators is therefore optimal but the wind direction varies regularly and 
incineration should not be started if the wind is likely to blow emissions towards camps. 
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Figure 5:  May 2004 to May 2008 Wind Rose for the Doris North Weather Station 
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5 Description of Model CY-100-CA-D-O 
Incinerator 
The Westland Model CY-100-CA-D-O incinerator has a manufacturer’s stated capacity of 100 kg/h 
using diesel as the auxiliary fuel.  Figure 6, 7 and 8 provides a overview of major components of the 
Westland Model CY-100-CA-D-O incinerator.  A more detailed discussion of individual 
components, features and functions of the incinerator can be found in Appendix D. 

 

Figure 6:  Schematic of Incineration System - Model CY-100-CA-D-O Incinerator 
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Figure 7:  Overview of Model CY-100-CA-D-O Incinerator 
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Figure 8:  Major Components of Primary & Secondary Chambers - Model CY-100-CA-

D-O Incinerator 
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5.1 Model CY-100-CA-D-O Incinerator Operations & Maintenance 

5.1.1 Introduction 

This section provides a discussion of operational procedures related to the operation of Westland 
Model CY-100-CA-D-O incinerator and is more fully described in Appendix E and F. 

5.1.2 Personal Protective Equipment 

Prior to initiating any activities related to the operation of the Westland Model CY-100-CA-D-O 
incinerator, the operator will equip themselves with all required Personal Protective equipment.  This 
will include, but not necessarily be limited to the following. 

The following personal protective equipment will be used while operating the incinerator system: 

• Long sleeved shirt and long pants 

• Long cuffed, puncture resistant gloves 

• CSA approved, Grade 1 safety footwear 

• CSA/ANSI approved safety glasses. 

The personal protective equipment related to specific tasks related to the operations of the incinerator 
are as follows: 

• Ash removal and handling: NIOSH N85 respirator 

• Waste charging:  
− heat protective clothing and gloves, and  
− CSA/ANSI approved full face shield. 

5.1.3 Operational Procedures 

The safe and effective operation of the Westland Model CY-100-CA-D-O incinerator is described by 
sequential steps provided in Figure 9.  The operator will diligently follow these steps. 
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Figure 9:  Model CY-100-CA-D-O Incinerator Operations Sequence 
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5.1.4 Waste Batch Preparation 

Waste should be prepared to remove as much metal and plastic as possible before incineration.  
Painted items should also be removed from the waste stream.  Sewage sludge and medical should not 
be mixed with other waste.  Medical waste must be carefully handles to ensure that sharps do not 
cause injury. 

The following cautionary notes must be followed: 

• NO explosives, aerosol cans or sealed containers containing combustible liquids shall be placed 
in the incinerator 

• Make sure that every batch can go through the waste charging door easily, regardless of its 
weight. If others prepare the batches, the operator should inform them about the maximum batch 
size 

• Do not open batches and “rearrange” the contents. 

5.1.5 Pre-operational Checks 

The following pre-operational checks will be conducted by the operator: 

• Check for easily accessible fire extinguisher 

• Inspect fire extinguisher to ensure charged and functional 

• Conduct inspection of fuel tank for leaks and containment integrity 

• Check fuel tank to ensure sufficient fuel for operations 

• Open fuel valve 

• Inspect combustion chamber to ensure chamber is empty and combustion air holes are clear 

• Inspect power connection. 

When diesel is used, it may be necessary to bleed the diesel lines (to the burners) if required. 

5.1.6 Ash Removal 

Typically the ash from previous operation was left to cool, and ash removal is done first prior to 
current operation.  The following actions will be undertaken by the operator; 

• Make sure combustion chamber is sufficiently cool 

• Do NOT spray water into the combustion chamber 

• While removing ash, avoid plugging the combustion air holes and damaging the burner tip  

• Use non-combustible container 

• The use of a “remote” thermometer is recommended to check the temperatures in the various 
places in the primary chamber 
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• Minimize dust generation – a light water spraying on ash in the container is recommended to 
minimize dust generation 

• Remove ash and place in appropriate container 

• Appropriate disposal of ash. 

5.1.7 Incinerator Start-up 

The following procedures (Figure 10) shall be followed in order to initiate incineration sequence. 

 
Figure 10:  Model CY-100-CA-D-O Incinerator Procedures for Start-Up 

Note:  Temperatures in Steps 7 and 8 may be regulated: If so, the operator is required to SET THE TEMPERATURE TO THE 
REGULATED VALUES 

5.1.8 Waste Charging of Incinerator 

The operator shall charge the incinerator in the following manner (Figure 11). 
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Figure 11:  Model CY-100-CA-D-O Incinerator Procedures for Waste Charging 
NOTE: ** : The main danger is from exposure to heat radiation, and the waste batch catching fire before it is inside the 

primary chamber. Precautionary steps include: (a) Wear proper PPE, (b) Make sure waste batch can go through 
the charge door easily, (c) open door, charge waste and close door as quickly as possible. 

           *** : The time for complete combustion varies, depending on batch size, weight and composition. More than 30 minutes 
would be unusual. Check burning conditions from ash door or charge door. Rake if necessary [Note Step 8 
above]. 

5.1.9 Incinerator Burn-Down 

The following procedure will be followed by the incinerator operator during burn down (Figure 12). 



SRK Consulting  
HBML Doris North Incinerator Management Plan – FINAL Page 30 

DGH/MV/sdc Incinerator Management Plan_Report_1CH008.009.500_MV_20090804_FNL.docx July 2009 

 

Figure 12:  Model CY-100-CA-D-O Incinerator Procedures for Burn Down 

5.1.10 Incinerator Cool-down 

There is nothing to be done here, except ensuring that the incinerator is sufficiently cooled 
(approximately 6 – 8 hours) for the scheduled ash removal prior to the next operation of the 
incinerator. 
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6 Model CY-100-CA-D-O Incinerator 
Performance and Monitoring 

6.1 Operator Training 

Person charged with the responsibility of operating the Westland Model CY-100-CA-D-O 
incinerator will be required to read and comprehend this plan and the Westland Model CY-100-CA-
D-O Operating and Maintenance Manual and SoP (Appendix D and E).  In addition, an on- site 
training program will be developed to cover all aspects of the infrastructure associated with 
incinerator management , its operation, maintenance, monitoring, sample collection, preservation 
and record keeping.  The training will also include an identification of activity related risks, 
knowledge and use of job specific Personal Protective Equipment (PPE), as well as training in the 
proper handling, storage, and disposal of all ash generated from the facility.   

The training will be both job-specific and equipment specific and will be provided to any site 
personnel assigned the responsibility to oversee, inspect, maintain , monitor, assess performance and 
report on the facilities, its discharges and discharge location.  The training program will be reviewed 
as required by site management, with a full review of the training program completed as least once 
per calendar year.  

6.1.1 Routine Inspection and Maintenance 

Routine inspections of the incinerator and associated facilities will be conducted by a qualified 
individual prior to every use of the incinerator.  The inspection will include, but not necessarily be 
limited to:  

• Inspecting all fuel lines, fuel storage facilities and secondary containment for leaks and check 
connections 

• Inspection of the spark arrestor to ensure no plugging 

During ash removal, the inspection will include, but not necessarily be limited to: 

• Inspect refractory for large cracks (not expansion cracks) 

• Check combustion air hole for plugging 

• Inspect door gaskets for damages. 

6.1.2 Additional Maintenance and Inspection 

In addition to the routine inspection and maintenance discussed in 6.1.1, the burner(s) and the 
blower(s) require maintenance as specified in the Westland Model CY-100-CA-D-O Operating and 
Maintenance Manual (Appendix D). 
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Table 3 provides a summary of inspections which will be conducted and the frequency of such 
inspections. 
Table 3:  Model CY-100-CA-D-O Inspections 

Frequency Component Inspection Activity 
Daily  Thermocouples (Primary & Secondary 

chamber) 
Ensure readings are within acceptable 
“norms” of the primary and secondary 
chamber temperatures 

 Contact switches Ensure free movement and no obstruction 
 Gasket/Seal in both “charge” and “ash” 

door  
Ensure proper sealing  

 Actuators (Primary & Secondary 
chambers) 

Ensure free movement during incineration 

 Refractory and underfire air holes in 
primary chamber 

Ensure no large cracks 
No restriction of air holes 

Weekly Air blowers (Primary & Secondary 
chambers) 

Ensure clean, unobstructed intakes 

Monthly External surface (Primary & Secondary 
chambers) 

Ensure no discolouration  

 Refractory in Secondary Chamber Ensure no large cracks 

In the event that the inspection identifies an ”action item”, appropriate remediation activities will be 
undertaken as required.   
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7 Monitoring and Inspection 
7.1 Emission Monitoring 

HBML will implement a monitoring program related to the operation of the incinerator.  HBML will 
do a one-time stack test to illustrate progress towards the emission monitoring requirements set in 
the water licence and the Canadian standards.  A specialised service provider will be used for 
monitoring of emissions from the incinerators. 

7.2 Fuel Storage 

The Westland Model CY-100-CA-D-O incinerator is fuelled by diesel stored in a tank located near 
to the incinerator. 

The fuel storage, secondary containment and fuel delivery lines will be subject to regular inspection 
as discussed previously. 

7.3 Spill Response 

A site wide materials management plan with a particular focus on all hazardous substances and 
waste dangerous goods that are or could potentially be located on the site is currently being 
developed.  That plan will provide material specific Standard Operating Procedures (SOPs) for the 
handling, transportation, storage and spill response measures for all hazardous substances and waste 
dangerous goods on site, including those associated with the  incinerator,  its fuel source and ash 
management. 

A incinerator, its fuel source and ash management specific “SOP” will be included in that site wide 
plan.  

An appropriately stocked Spill Response Kit will also be located in close proximity to the fuel 
storage area, as will the relevant Material Safety Data Sheets (MSDS).  The spill response kit will be 
inspected at least once every year to ensure that the materials are readily available and not stale 
dated.  Any materials used from the spill kit will be replaced as soon as practical after use. 

Although the potential for a spill is judged to be low, the potential does exist for such an event to 
happen.  In any and all cases of an unanticipated discharge, spill or upset condition on the site, the 
policy is as follows: 

1) Protect the health and safety of persons in the area 

2) Protect the environment 

3) Protect the facility and equipment. 
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In the event that an unanticipated discharge or spill does occur, personnel shall: 

Respond Quickly Without Compromising Health and Safety 

1. Identify spilled material. 

BE ALERT – DO NOT COMPROMISE YOUR ON SAFETY OR THAT OF OTHERS.  

1. Assess the hazard of persons in the vicinity 

2. Attend to injured if possible and safe to do so 

3. Assess the character of the spill 

4. Inform immediate supervisor and Site Manager at Phone 604 759 4708 or ESR 604 759 
4714. 

5. Stop product f low if safe to do so 

6. Contain and recover spilled material as soon as possible. 

7.4 Off-Specification Emissions Quality 

The potential does exist for isolated, short term emissions that do not meet the discharge limits due 
to equipment malfunction or operator error, however, incinerator design limits the potential for such 
occurrences.  Notwithstanding this design feature and in order to minimize the potential for such an 
event to happen, specific site personnel will be properly trained and assigned to regularly inspect the 
incinerator and to oversee the effective operation and maintenance of the facility. 

Response to such an event will to identify and correct the original cause and the implementation of 
additional monitoring of the environment to assess the level, if any, of the impact of the discharge.  

In the unlikely event that analysis does indicate that a monitoring sample exceeded the specified 
discharge guidelines, HBMC will, as soon as possible upon receiving the analytical results:  

• Re-sample the emissions and submit the sample for appropriate analysis 

• Conduct a detailed inspection of the entire incinerator and waste stream and all associated 
facilities to identify the cause of the off specification discharge and ensure that the facility is 
operating within the prescribed parameters and operational limits 

• Correct the original cause 

• If necessary, implement additional monitoring to assess the level, if any, of the impact of the off 
specification discharge. 

Due to the relatively short duration of such a condition, residual environmental effects resulting from 
such an event are likely to be negligible. 
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8 Record Keeping 
The incinerator operator is to record the following for every operation of the incinerator units: 

• Incinerator operators checklist (Appendix F) 

• Operators name 

• Condition of ash from last burn, noting any unburnt items 

• The type and weight of waste to be incinerated 

• The fuel level at the start of operations 

• The fuel level at end of operations 

• Nature of the emission plume and colour of smoke if any 

• Date, time, weather conditions and direction of wind. 

Records will need to be kept on file for each burn and should be reviewed by senior managers 
regularly to ensure that they are being filed and that the information is consistent with observations.  
Any out of specification situations need to be raised immediately and the incinerator should not be 
used until maintenance or remedial measures have been applied.  A formal incident report needs to 
be completed if there are any out of specification conditions associated with the incinerator, its 
performance, waste or any of the emissions, ash or smoke. 
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9 Incinerator Management 
The focus of management and operation of the incinerators will be safety and environmental 
responsibility.  

Employees working with the facility will be trained prior to commencement of work so that they are 
aware of the health and safety risks associated with the incinerator and its operation.   

9.1 Health and Safety General Requirements 

9.1.1 Safety Equipment and Protocol 

The following personal protective equipment will be used while operating the incinerator system: 

• Long sleeved shirt and long pants 

• Long cuffed, puncture resistant gloves 

• CSA approved, Grade 1 safety footwear 

• CSA/ANSI approved safety glasses. 

The personal protective equipment related to specific tasks related to the operations of the incinerator 
are as follows: 

• Ash removal and handling: NIOSH N85 respirator 

• Waste charging: 
− heat protective clothing and gloves 
− CSA/ANSI approved full face shield. 

9.2 Specific Health and Safety Requirements for the Model CY-100-CA-
D-O Incinerator 

The hazards that could be encountered arise from the following (not in any order of importance): 

• Contact with waste (infectious or toxic components, or sharps) 

• Exposure to heat, from contact with hot surface or radiation from the primary combustion 
chamber when the waste charging door or ash removal door is opened. 

Therefore, the general precautionary actions include: 

• Not opening waste batches 

• Not touching hot surfaces, and minimum exposure to heat radiation through open doors 
(charging and ash doors while combustion is taking place) 

• Wearing appropriate personal protective equipment for charging waste and raking the primary 
chamber, and minimize the time for those tasks. 
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Disclaimer 

“This report and the opinions and conclusions contained herein (“Report”) contains the expression of the 
professional opinion of SRK Consulting (Canada) Inc. (“SRK”) as to the matters set out herein, subject to the 
terms and conditions of the agreement dated [insert agreement information] (the “Agreement”) between 
Consultant and Hope Bay Mining Ltd. (“Hope Bay Mining”), the methodology, procedures and sampling 
techniques used, SRK’s assumptions, and the circumstances and constraints under which Services under the 
Agreement were performed by SRK.  This Report is written solely for the purpose stated in the Agreement, 
and for the sole and exclusive benefit of Hope Bay Mining, whose remedies are limited to those set out in the 
Agreement.  This Report is meant to be read as a whole, and sections or parts thereof should thus not be read 
or relied upon out of context. In addition, this report is based in part on information not within the control of 
SRK.  Accordingly, use of such report shall be at the user's sole risk. Such use by users other than Hope Bay 
Mining and its corporate affiliates shall constitute a release and agreement to defend and indemnify SRK 
from and against any liability (including but not limited to liability for special, indirect or consequential 
damages) in connection with such use.  Such release from and indemnification against liability shall apply in 
contract, tort (including negligence of SRK whether active, passive, joint or concurrent), strict liability, or 
other theory of legal liability; provided, however, such release, limitation and indemnity provisions shall be 
effective to, and only to, the maximum extent, scope or amount allowable by law.”  
 
This report, “Hope Mining Limited – Incinerator Management Plan, Hope Bay, Nunavut, Canada”, has 
been prepared by SRK (Consulting) Canada Inc. 

Prepared by 
 
 
 
 

 
Don Hovdebo 

Principal Consultant 
 
 
 
 

 
Mark Vendrig 

Principal Consultant 
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Maritz Rykaart 

Principal Consultant 
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CANADA-WIDE STANDARDS
for

Dioxins and Furans

PREAMBLE

Dioxins and Furans

Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs),
commonly known as dioxins and furans, are toxic, persistent, bioaccumulative, and result
predominantly from human activity. Due to their extraordinary environmental persistence and
capacity to accumulate in biological tissues, dioxins and furans are slated for virtual elimination
under the Canadian Environmental Protection Act (CEPA), the federal Toxic Substances
Management Policy (TSMP) and the CCME Policy for the Management of Toxic Substances.

The presence of dioxins and furans in the Canadian environment can be attributed to three
principle sources: point source discharges (to water, air and soil), contamination from in situ
dioxins and furans, and loadings from the long-range transportation of air pollutants (LRTAP).

LRTAP is the focus of multilateral conventions and bilateral accords at the international level. 

Dioxin and furan contamination found in soil, water, sediments, and tissues (in situ
contamination), is the subject of national guidelines for dioxins and furans.  These guidelines
outline ambient or “alert levels” which may be used by jurisdictions as benchmarks for the
management and monitoring of dioxins and furans already present in the environment. 

Point source discharges to water have been the target of aggressive federal and provincial
regulation, as well as industry innovation and change. Discharges of dioxins & furans to the
aquatic environment reached non-measurable levels in 1995.

Development of the Canada-wide Standard

The Canada-wide Standards process has focussed on anthropogenic sources that are releasing
dioxins and furans to the atmosphere and soil in a continuous process.

In January 1999, the Federal/Provincial Task Force on Dioxins and Furans released the Dioxins
and Furans and Hexachlorobenzene Inventory of Releases which documented the current
understanding of anthropogenic sources in Canada releasing dioxins and furans. The Inventory of
Releases lists emissions from over 20 sectors by province and territory, and provides national
summaries for each sector.

Initial efforts have focused on atmospheric releases, the most complete component of the
Inventory. Six priority sectors, varying from regional to national in scope, accounting for about
80% of national emissions have been identified as priorities for early action.  These are waste
incineration (municipal solid waste, hazardous waste, sewage sludge and medical waste); burning
salt laden wood in coastal pulp and paper boilers in British Columbia; residential wood
combustion; iron sintering; electric arc furnace steel manufacturing; and conical municipal waste
combustion in Newfoundland.



Endorsed by CCME Council of Ministers, April 30-May 1, 2001, Winnipeg 3 of 12

To date, CWSs have been developed for the coastal pulp and paper boiler and the incineration
sectors. CWSs for the remaining priority sectors will be completed in 2001. Additional source
sectors, many of which contribute very small amounts of dioxins and furans emissions, will also
be addressed in 2001 as will releases to soil.

Development of CWSs for dioxins and furans has taken into consideration environmental
benefits, available technologies, socio-economic impacts, opportunities for pollution prevention
and collateral benefits from reductions in other pollutants.

In recognition of the ultimate goal of virtual elimination, pollution prevention is being
encouraged as the preferred method for avoiding the creation of dioxins or reducing releases to
the environment.

Wherever possible, work on the dioxins and furans CWSs has been coordinated with other
ongoing processes (e.g. Mercury CWS and the Strategic Options Process). A multi-pollutant
approach will be carried forward to the remaining sectors while ensuring that dioxins and furans
issues are addressed and that the ultimate goal of virtual elimination is kept clearly in mind.
Opportunities for a multi-pollutant approach will also be pursued as part of the implementation
of the Dioxins and Furans Canada-wide Standard.

During development of the inventory, it was realized that the data on dioxins and furans is
limited.  The information in the dioxins and furans inventory will be refined and updated on a
regular basis through a variety of sources including the National Pollutants Release Inventory
(NPRI) as a means of tracking progress and as a means of identifying any future sources of
releases that must be addressed. 
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PART 1:

Pulp and Paper Boilers Burning Salt Laden Wood

Rationale for standard
Unique to British Columbia, the burning of salt laden wood results in an annual release of 8.6
gTEQ/year to the atmosphere or 4.3 percent of the national total of dioxin and furans emissions
documented in the inventory of releases prepared under the Canadian Environmental Protection
Act. 

As a result of mill closures and voluntary industry initiatives that have reduced atmospheric
releases, the current total represents a 25% reduction from 1990 releases.

Dioxins and furans emitted from coastal pulp and paper mills are created through the burning of
salt contaminated hogged fuel.  Logs transported and stored in salt water take up chlorine into the
bark. The bark is stripped from the logs and ground up to produce hogged fuel. 

This material is then used as boiler fuel to produce heat and electrical energy for the pulp and
paper process.  Over 1.4 million oven dried tonnes of hogged fuel were used by the coastal pulp
and paper industry in B.C. in 1998.

Nature and application:
The CWS for this sector consists of two components.  The first component sets out numeric
targets and timeframes for reducing emissions from new and existing boilers.  This standard
applies to boilers burning more than 10,000 oven dry metric tonnes per year of hogged fuel
generated from wood transported or stored in salt water.  All boilers currently reliant on hogged
fuel generated from wood transported or stored in salt water currently consume in excess of
50,000 oven dry metric tonnes annually.  As part of the implementation of this standard,
procedures will be put in place to report on the salt content of the hogged fuel to ensure
compliance with the standard.

The second component sets out a process for further examining pollution prevention
opportunities to prevent the creation of dioxins and furans.

Numeric Target and Timeframe for Achieving Target
Dioxin and furan emissions will be less than 100 pg/m3 TEQ for new boilers constructed after the
effective date of this standard.

Dioxin and furan emissions will be less than 500 pg/m3 TEQ for all existing boilers by 2006. 
“New” means a total replacement including firebox, heat transfer surfaces and air emission
control equipment.
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The standard for existing boilers is set pending the acquisition of further test data and controlled
studies of boiler operation.  Recognizing the ultimate objective of virtual elimination as set out in
the Canadian Environmental Protection Act, the mill operators will voluntarily pursue further
reductions in emissions during the period of the standard.  In doing so the operators will conduct
additional studies to identify the reasons for higher dioxin and furan emissions at some locations
and explore and, as practicable, implement measures to achieve virtual elimination at all
locations.  Measures to be explored include physical and process modifications to prevent or
reduce dioxin and furan formation as well as emission control upgrades and/or other pollution
prevention measures.

Every boiler covered by this standard will be tested twice per year to determine the level of
dioxin and furan air emissions for the years prior to 2003 and annually for the years 2003 and
thereafter.  Testing and reporting will be performed using methods and procedures acceptable to
the responsible provincial ministry.

The standard for existing boilers will be reviewed in 2003 based on the results of the additional
testing, the additional studies on dioxin and furan creation and opportunities to achieve virtual
elimination and the examination of other pollution prevention opportunities.

Pollution Prevention Strategy
In addition to the continuing efforts of pulp and paper mill operators to capture emissions of
dioxin and furans, emphasis will be placed on identifying and implementing opportunities to
prevent the creation of dioxins and furans.  A strategy identifying opportunities to eliminate the
formation of dioxins and furans by the coastal pulp and paper industry will be developed through
a multi-stakeholder process by December 31, 2001 to provide a framework for continual progress
towards the elimination of dioxin and furans. 

Recognizing that most opportunities for avoiding the creation of dioxins and furans fall beyond
the exclusive influence of the coastal pulp and paper mill operators, preparation of this strategy
must engage a wide range of stakeholders.

The range of issues to be addressed in developing the strategy could include:
•  maximum allowable salt content for hogged fuel
•  removal of chloride from logs
•  hogged fuel washing and pressing
•  options for blending hogged fuel of different salt levels
•  alternatives to log handling, transportation and storage practices that rely on salt water
•  impacts of the length of time entailed in transportation and storage on the salt content of

hogged fuel
•  inclusion of transportation modes and effects in eco-certification criteria
•  in-plant opportunities to avoid creation of dioxins and furans
•  alternative fuel opportunities and costs
• providing greater opportunities for market intervention by improving the understanding of the

costs being imposed on the pulp and paper mills by current log handling and storage practices
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Waste Incineration

Rationale for standard
Waste incineration has historically been responsible for a significant portion of the dioxins and
furans emitted in Canada.  The total release of dioxins and furans from this sector amounts to
44.9 g/ TEQ/y or 22.5% of the total releases to the atmosphere.

Improved exhaust gas controls to reduce emissions of acid gases and fine particulates or activated
carbon injection systems have decreased emissions of both mercury and dioxins and furans from
the municipal solid waste (MSW) sector. Dioxins and furans emissions from this sector are
estimated to be approximately 8.4 g/yr. Many medical waste incinerators have closed for
economic or environmental reasons. However, a range of medium-to small-sized facilities
remain.  Individually these are small sources, but as a sector they are significant, emitting an
estimated 28.8 g/yr.  Two additional incineration sectors, hazardous waste (7.6 g/yr) and sewage
sludge (0.1 g/yr), are also addressed by the CWS.

A Canada-wide Standard for incineration of MSW in conical waste combusters in Newfoundland
will be brought forward in 2001.  Newfoundland has committed to reviewing the use of these
facilities and to considering a phase-out strategy that will reduce emissions of dioxins and furans
as well as mercury.  These actions are also identified in the Mercury Canada-wide Standard
accepted by the Council of Ministers in November 1999.

Actions to reduce national emissions require that any new facilities meet stringent limits, and that
the bulk of the emissions from existing facilities be controlled through retrofits with control
technology that is efficient at destroying dioxins and furans. Diverting waste from incinerators
would result in less incineration overall and thus avoid creation of dioxins and furans.  All
facilities, and particularly smaller ones, may find that pollution prevention, waste segregation and
diversion are options for either achieving the limit, or reducing “end-of-stack” expenditures, and
during implementation all facilities should be encouraged to place a priority on reduced inputs
rather than controlled releases.

Definitions:
Waste incinerator: a device, mechanism or structure constructed primarily to thermally treat
(e.g., combust or pyrolyze) a waste for the purpose of reducing its volume, destroying a
hazardous chemical present in the waste, or destroying pathogens present in the waste.  This
includes facilities where waste heat is recovered as a byproduct from the exhaust gases from an
incinerator, but does not include industrial processes where fuel derived from waste is fired as an
energy source as a matter incidental to the manufacture of the primary product. For the purpose
of the Dioxins and Furans CWS, conical waste combusters are considered separately from other
incineration sectors.
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Municipal solid waste: any waste which might normally be disposed of in a non-secure landfill
site if not incinerated (i.e., including non-hazardous solid wastes regardless of origin), but is not
intended to include “clean” wood waste.  Clean wood waste means waste from woodworking or
forest product operations where the wood waste has not been treated with preservative chemicals
(e.g., pentachlorophenol) or decorative coatings.

Medical waste: any waste which includes as a component any Biomedical Waste as defined in
the February 1992 CCME Guidelines for the Management of Biomedical Waste in Canada, with
the exception that animal wastes derived from animal health care or veterinary research and
teaching establishments are excluded.

Determined efforts: Determined efforts include the ongoing review of opportunities for
reductions and implementation of in-plant changes and/or emissions control upgrades that are
technically and economically feasible and which confer on-going reductions in emissions. Where
possible, dioxin and furan emission reductions will be determined by way of a one-time stack test
conducted after implementation of the measures.  Where testing is not possible or will not
provide reliable results, an audit of the dioxin and furan emission reductions associated with
waste diversion or other measures is an acceptable alternative. Opportunities for regional
consolidation and/or phase-out of smaller facilities may also be considered.

Nature and application:
Emission limits are expressed as a concentration in the exhaust gas exiting the stack of the
facility.  New or expanding facilities will be expected to comply immediately with the standard,
and it will be up to individual jurisdictions to determine what constitutes a significant expansion
to trigger the standard.  The limits for existing facilities are capable of being met using generally
available technology or waste diversion.  Larger facilities will be subject to stack testing as
described in Annex 1 to verify compliance with the limit. Smaller medical and municipal
facilities will have the option of reporting on an audit of the dioxin and furan emission reductions
associated with waste diversion or other measures or conducting a one-time stack test, to
illustrate progress towards the standard.

Numeric targets:
The following standards are a step towards achieving virtual elimination for dioxins and furans.

For new or expanding facilities of any size, application of best available pollution prevention and
control techniques, such as a waste diversion program, to achieve a maximum concentration1 in
the exhaust gases from the facility as follows:

Municipal waste incineration 80pg I-TEQ/m3

Medical waste incineration 80pg I-TEQ/m3

Hazardous waste incineration2 80pg I-TEQ/m3

Sewage sludge incineration 80pg I-TEQ/m3

                                                
1 Stack concentrations of dioxins and furans will be corrected to 11% oxygen content for reporting purposes.
2 Hazardous waste incinerators include all facilities that burn hazardous waste including low level radioactive waste;
however they do not include facilities that use waste derived fuel or used oil.
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For existing facilities application of best available pollution prevention and control techniques, to
achieve a maximum concentration1 in the exhaust gases from the facility as follows:

Municipal waste incineration
> 26 Tonnes/year3 80pg I-TEQ/m3

< 26 Tonnes/year4 80pg I-TEQ/m3

Medical waste incineration
 > 26 Tonnes/year3 80pg I-TEQ/m3

 < 26 Tonnes/year4 80pg I-TEQ/m3

Hazardous waste incineration 2 80 pg I-TEQ/m3

Sewage sludge incineration 100 pg I-TEQ/m3

Timeframe for achieving the targets:
Any new or expanding facility will be required to design for and achieve compliance
immediately upon attaining normal full scale operation, compliance to be confirmed by annual
stack testing..

Based on determined efforts in working towards virtual elimination, existing facilities will be
required to meet the standards on the following schedule:

Municipal waste incineration 2006
Medical waste incineration 2006
Hazardous waste incineration 2006
Sewage sludge incineration 2005

Pollution Prevention Strategy:
In addition to the continuing efforts of waste incinerator operators to destroy or capture emissions
of dioxin and furans, emphasis will be placed on identifying and implementing opportunities to
prevent the creation of dioxins and furans as well as emissions of air pollutants and ash quality
generally.  As an initial action with shared responsibility by all jurisdictions, strategies
identifying opportunities to minimize waste incineration emissions of air pollutants including
dioxins and furans will be developed through a multi-stakeholder process by December 31, 2001
to provide a framework for continual progress towards the elimination of dioxin and furans.

Recognizing that many opportunities for minimizing air pollutant and ash emissions and
specifically avoiding the creation of dioxins and furans fall beyond the exclusive influence of the
operators of waste incinerators, preparation of this strategy must engage a wide range of
stakeholders.

                                                
3 Larger facilities must achieve this stack concentration as confirmed by annual testing.
4 Smaller facilities must make determined efforts to achieve this stack concentration.
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The range of issues to be addressed in developing the strategy could include:
•  waste diversion initiatives to minimize the generation of wastes destined for disposal (waste

reduction, material reuse options)
•  waste segregation initiatives aimed at materials with greater potential to generate emissions

of dioxins and furans or other air pollutants of concern (e.g., mercury, other heavy metals)
and aimed at diverting those wastes to recycling or other non-incineration disposal options

•  combustion control strategies to optimize performance of existing combustors at destroying
pollutants of concern

•  use of alternative disposal or treatment technologies (e.g., anaerobic digestion of wastes with
material recovery and combustion of biogas)

PART 2:

Reporting on Progress:
Ministers will receive reports on progress in achieving the CWS by jurisdictions in  Spring 2004
and Spring 2008.  Ministers will ensure that a single public report is prepared and posted on the
CCME web site for public access. The report in 2004 will reflect interim progress on achieving
the CWSs.  Progress on both implementation of the numeric targets and the activities applied as
part of the determined efforts provisions for smaller medical waste and municipal solid waste
facilities will be documented.   The 2008 report will evaluate whether targets have been met and
the effectiveness of the determined efforts with respect to smaller facilities. More details on
reporting are available in Annex 1.

Each jurisdiction will detail the means of ensuring achievement of the CWS in a manner
consistent with the typical or desired programs for the affected facility/sector, so as not to impose
an unnecessary level of reporting duplication.

With a view to continuous improvement towards the goal of virtual elimination, an evaluation of
the Dioxin and Furan Canada-wide Standards will be presented to Ministers in Spring 2006.  The
evaluation will consider new scientific, technical and economic information and provide an
assessment of the need to develop the next set of CWS targets and timelines to continue progress
toward virtual elimination.

ADMINISTRATION:

Jurisdictions will review and renew Part 2 and Annex 1 five years from coming into effect.

Any party may withdraw from these Canada-Wide Standards upon three month's notice.

These Canada-Wide Standards comes into effect on May 1, 2001.
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Annex 1
Dioxins and Furans CWS Reporting Framework

Introduction

Under the Harmonization Accord and its Canada-wide Environmental Standards Sub-Agreement,
all jurisdictions are to report to the public and to Ministers on their progress towards achieving
the CWSs for dioxins and furans.

This reporting framework is intended to provide a transparent and consistent mechanism for
reporting by jurisdictions in a fashion which minimizes resource requirements for government
and industry alike, while maximizing the availability of information on achievement of these
standards.

The framework addresses:

1) frequency, timing and scope of reporting
2) guidance as to the means of determining compliance/achievement of the CWS
3) common measurement parameters for reporting purposes
4) data management and public reporting

Frequency, timing and scope of reporting

The reporting schedule will be tied into assessing the performance of the governments in meeting
the benchmarks and timelines relevant to the standards.  A report in 2004 will provide a means
for tracking interim progress and report on additional technical studies (e.g. technology
feasibility and pollution prevention options for the coastal pulp & paper sector). The 2008 report
will indicate compliance with the standards for the coastal pulp and paper boiler and incineration
sectors.

Jurisdictions will submit sectoral data for inclusion in the progress reports in a timely manner.  
To report on achievement of the CWS, a data report along with an assessment of progress will be
compiled into a single report for Ministers and a public version will be posted on the CCME web
site for public access.

Reports will be limited to information on those facilities which are subject to achievement and/or
compliance with the Canada-wide Standards as endorsed by the Ministers of the Environment
May 1, 2001 and as implemented variously by the responsible jurisdictions or industries.  This
information is intended to show compliance rates and performance characteristics in a manner
which documents sectoral performance as well as jurisdictional performance.  It is not intended
to provide a facility-by-facility record of performance.
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Means of determining compliance/achievement of the CWS

The Canada-wide Standards for dioxins and furans lend themselves to achievement through
voluntary action, or through compliance with regulated or legally enforceable limits.  As such, it
is necessary to provide some means to ensure that a level playing field exists so that the numeric
value provided in the CWS is applied equally or similarly in each jurisdiction.  One means to do
this is to require identical compliance procedures, but this may require that some jurisdictions
apply compliance procedures for dioxins and furans CWSs that are different than those used for
locally determined or regulated parameters such as SO2, PM, ammonia, etc.  An example is
where the dioxins and furans CWS is expressed as the average of 3 stack tests, whereas a
jurisdiction may normally utilize the median value of 3 tests to determine compliance.

In an effort to streamline implementation, each jurisdiction will determine the exact means of
ensuring compliance/achievement in a manner consistent with the typical or desired programs for
the affected facility/sector. It is anticipated that minor variations in jurisdictional requirements
will result in minimal variation across the country which is insignificant with respect to the
overall reduction activities which range from 50-99% for various facilities.

Common measurement parameters for reporting purposes

Each facility report will include specific measures corrected so as to be compatible and consistent
for the purposes of public reporting.  Dioxin and furan emissions must be corrected for the O2
content of gases, to ensure compliance with the standards. 

Each jurisdiction will determine the sector within which each subject facility will be reported. 
For example, a jurisdiction may determine that a small mixed waste incinerator (for example,
burning both medical and municipal waste) may be subject to either standard, based upon the
preponderance of waste (>50% as one type) or based upon the provincial designation of facility
type.  Sectoral assignments will be updated to reflect the most recent characteristics of the facility
under consideration prior to reporting.

While little confusion is likely to exist over the implementation of dioxins and furans CWSs for
“greenfield” facilities, it is possible that significantly expanded or modified facilities can/should
be considered as new for the purposes of achievement/compliance with the dioxins and furans
CWS.  It will be the responsibility of the jurisdictions to determine at which point a facility no
longer qualifies as an “existing” facility and must conform to the standard for “new or expanded”
facilities as a result of significant modifications/alterations to the facility operations or physical
plant.

Jurisdictions must report measurements that are below the detection limit in a consistent manner.
These measurements should be reported as the limit of detection.
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Large facilities will generally be required to perform stack tests at an annual frequency in order to
demonstrate compliance.  However, jurisdictions may vary the stack testing requirements for
these facilities in cases where performance has been consistently demonstrated to be below the
Level of Quantification (LoQ) as defined by Environment Canada.  Where five years’ data has
been accumulated with all results reported below the LoQ, the stack testing frequency may be
revised to a biennial schedule so long as all subsequent test results remain below the LoQ.  For
the purpose of reporting emissions, the most recent stack test results available should be used. 
Jurisdictions have the responsibility of deciding whether to implement this variance for all, some
or none of the source types subject to these standards.

Data management and public reporting

Reports on achieving the CWSs will include a data report and a report on achievement of the
standards. Sectoral and jurisdictional specific data will be supplied in a spreadsheet format to
facilitate reporting.  A consolidated report will be made available to all jurisdictions and to the
Ministers, along with the draft public report, prior to formal release of the public report.  The
public report will be released upon approval by the Council of Ministers.

Jurisdictions will provide a report in spreadsheet format so that the data report and report on
achievement can be prepared along with the public report for review and approval.  Reports will
be prepared and distributed to all jurisdictions prior to review by Ministers.  Along with the
report on achievement, a draft public report will be provided for review and consideration prior
to the Ministers' meeting at which public release is anticipated.  That public report will be posted
to the CCME web site upon approval by the Ministers.  Jurisdictions are encouraged to provide
reference to the CCME web site and/or pointers in their own web sites in order to ensure a single
location for dioxins and furans CWSs reporting should errors/miscalculations have to be
corrected at some time. 

In addition to the consolidated public reporting on dioxins and furans CWSs, jurisdictions must
provide a contact for facility-specific information in the advent that the public wishes to access
compliance or achievement information.  Such data will be supplied in a manner consistent with
the normal data-reporting/compliance reporting procedures of the jurisdiction in question - the
consolidated spreadsheet will not be made publicly available in that it may include proprietary
(business) information.
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CANADA-WIDE STANDARDS
for

MERCURY EMISSIONS

PREAMBLE

The Canadian Council of Ministers of the Environment determined that mercury levels in fish
and wildlife across Canada warrant additional efforts to reduce atmospheric emissions derived
from both deliberate use of mercury and from incidental releases of mercury.

Restrictions on the human consumption of fish in order to safeguard the health of both high fish
consumers (sustenance and commercial fishers) and sensitive populations (infants, children and
women of childbearing age) are widespread.  Some of these restrictions are derived from lakes
naturally high in mercury, others in lakes and rivers contaminated by historical point source
discharges and still others in waters remote from identifiable sources.  Traditional lifestyles may
be profoundly influenced by mercury contamination.

Mercury levels in fish pose an additional, largely unquantified risk to fish-eating wildlife.
Isolated examples of toxicity to loons and otters suggest the potential for large scale and/or
widespread impacts.  Just as mercury levels in fish affect their consumption by humans, some
levels in fish may affect wildlife which consume them.  In both instances, the mercury causing
the impacts is derived from both natural and anthropogenic sources.

The combined impacts of mercury contamination in Canada are difficult to quantify.  The exact
proportion of the impact which can be ascribed to natural mercury and to past and present
anthropogenic releases cannot presently be quantified.  Because it is a natural and persistent
bioaccumulative element which can be transported many miles in the atmosphere, mercury can
have impacts many years and many miles removed from its original source.  A common thread
through all mercury impacts is that deposition to waterbodies from anthropogenic emissions
poses a threat to human and ecosystem health, and that reduced deposition will contribute, in
time, to reduced impacts.

Under a variety of regional, national, binational and international programs, treaties and
agreements, mercury has been consistently targeted for emission reductions.  Such a policy
position is consistent with the CCME Policy for the Management of Toxic Substances which
identifies that mercury shall be managed through its lifecycle to minimize releases. This is
consistent with the precautionary approach endorsed in the Harmonization Accord and Canada
Wide Standards Sub-agreement.  Ministers of the Environment have thus agreed to undertake
and promote cost-effective actions to achieve further precautionary reductions in anthropogenic 
emissions (releases to the air) of mercury.
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The Canada-wide Standards development process reviewed the nature of the mercury issue in
Canada, and concluded that two distinctive source categories were amenable to further actions,
namely life-cycle management of products containing mercury to minimize releases, and
reduction or minimization actions for major point source emissions of incidental mercury. 

Based upon available inventory information, it is estimated that of the year 2000 national
mercury emissions (12 T/yr) three sectors will contribute the bulk of these emissions, namely the
base metal smelting sector (2.57 T/yr), waste incineration sector (1.2 T/yr) and coal-fired
electricity generation sector (1.1 T/yr).  Standards have been developed for two of these three
sectors that reflect room for improvement that is significant and cost-effective. Standards have
been provided also that will be used to guide the development of new facilities should they be
constructed.  Efforts to develop a standard for the electricity generation sector have been
complicated and progress has been delayed such that a workplan to develop standards for this
sector will not be completed until early in 2000.  Life-cycle standards for select mercury-
containing products will also be completed early in 2000.
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PART 1:

Base metal smelting

Rationale for standard

The base metal smelting sector has historically been responsible for much of the mercury emitted
in Canada.  However the voluntary application of a number of process changes and stack
treatments/scrubbers have combined to reduce mercury emissions from this sector by more than
90% since 1988.  Due to reductions from this sector, Canada has complied with its obligations
under the United Nations Economic Commission for Europe Heavy Metals Protocol.  Despite
this substantial progress additional reductions are possible.  As of 2000, the mercury emissions
from base metal smelting remain the single largest emission sector in Canada at 2.8 T/yr.  Under
the federal Strategic Options Process (SOP), industry and government recommended
development by CCME of “environmental source performance guidelines” that reflect
application of best available techniques.  By following this approach, Canada’s domestic
program will be consistent with international objectives for this industry.

Nature and application:

Based upon the performance of various technologies and practices as demonstrated at existing
facilities in Canada, and in consideration of the recommendations made in the federal SOP for
this sector, a two-part standard is recommended.  This standard reflects the application of “best
available techniques” on a facility-specific basis, and a uniform reporting mechanism based upon
environmental source performance (atmospheric emission) guidelines.  Standards are suggested
for both existing facilities, to reflect actions taken to reduce emissions of mercury, and for new
facilities, to ensure that smelters utilize the best available techniques to avoid or reduce metals
emissions generally and mercury emissions specifically.

Numeric Targets:

For existing facilities: application by all primary zinc, lead and copper smelters of best available
pollution prevention and control techniques economically achievable to achieve an
environmental source performance (atmospheric emission) guideline of 2 g Hg/tonne total
production of finished metals.

For new and expanding facilities: application of best available pollution prevention and control
techniques to minimize mercury emissions throughout the life-cycle of the minerals in question
to achieve an environmental source performance (atmospheric emission) guideline of 0.2 g
Hg/tonne production of finished zinc, nickel and lead, and 1 g Hg/tonne of finished copper, and
consideration of a mercury offset1 program to ensure no “net” emission increases occur.

                                                
1 A new facility will recover and retire an amount of mercury equivalent to their annual emissions.
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Timeframe for achieving the targets:

Existing facilities will be expected to make a determined effort2 to meet this standard by 2008,
coincident with implementation of the federal Strategic Options Report, while any new facility
will be required to design for and achieve compliance immediately upon full scale operation.
Jurisdictions will evaluate changes and upgrades to existing facilities to ensure they constitute
determined efforts.

Waste Incineration

Rationale for standard

Waste incineration3 has historically been responsible for a significant portion of the mercury
emitted in Canada, however reductions in emissions have been apparent.  Improved exhaust gas
controls to reduce emissions of acid gases and fine particulates or  activated carbon injection
systems have decreased emissions of both mercury and dioxins and furans from the municipal
solid waste4 sector.   At the same time, action has been taken by many product manufacturers to
reduce the mercury content of consumer goods which could end their life cycle in domestic solid
waste (e.g., alkaline batteries) and thus have reduced the mercury available in the waste stream.
Mercury from this sector is estimated to be 446 kg/year.  Many medical waste incinerators5 have
closed for economic or environmental reasons, but a range of medium- to small-sized facilities
remain which alone are small sources, but as a sector are considerable, emitting an estimated 250
kg/yr.  Two sectors in which emission reductions are not apparent, hazardous waste6 (550 kg/yr)
and sewage sludge (285 kg/yr) incineration, can achieve reductions either through source control
or gas-controls.  Control of mercury emissions has been recognized in a variety of jurisdictions,
including some Canadian Provinces, with emission standards being developed by the Eastern
Canadian Premiers and New England Governors (ECP-NEG), or the United Nations Economic

                                                
2 Determined efforts include the ongoing review of opportunities for reductions and implementation of in-plant
changes and/or emissions control upgrades that are technically and economically feasible and which confer on-going
reductions in emissions
3 For the purpose of the Mercury CWS, an incinerator shall be considered to be a device, mechanism or structure
constructed primarily to thermally treat (e.g., combust or pyrolyze) a waste for the purpose of reducing its volume,
destroying a hazardous chemical present in the waste, or destroying pathogens present in the waste.  This includes
facilities where waste heat is recovered as a byproduct from the exhaust gases from an incinerator, but does not
include industrial processes where fuel derived from waste is fired as an energy source as a matter incidental to the
manufacture of the primary product.
4 For the purpose of the Mercury CWS, municipal solid waste shall be taken to include any waste which might
normally be disposed of in a non-secure landfill site if not incinerated (i.e., including non-hazardous solid wastes
regardless of origin), but is not intended to include “clean” wood waste.  Clean wood waste means waste from
woodworking or forest product operations where the wood waste has not been treated with preservative chemicals
(e.g., pentachlorophenol) or decorative coatings.
5 For the purpose of the Mercury CWS, medical waste is any waste which includes as a component any Biomedical
Waste as defined in the February 1992 CCME Guidelines for the Management of Biomedical Waste in Canada,
with the exception that animal wastes derived from animal health care or veterinary research and teaching
establishments are excluded.
6 hazardous waste incinerators do not include facilities that use waste derived fuel.
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Commission for Europe (UNECE) providing a basis for evaluating possible Canada-wide
Standards.

Actions to reduce national emissions below the anticipated 2000 rate of 1.5 T/yr require that any
new facilities meet stringent limits, and that the bulk of the emissions from existing facilities be
controlled through retrofits with control technology that is efficient at removing mercury, or the
mercury containing waste be diverted from incinerators.  All facilities, and particularly smaller
ones, may find that pollution prevention, waste segregation and diversion are options for either
achieving the limit, or reducing “end-of-stack” expenditures, and during implementation all
facilities should be encouraged to place a priority on reduced inputs rather than controlled
releases.  Attainment of the numeric standards adopted by the ECP-NEG for application to large
municipal, and sludge incinerators, and by the UNECE for hazardous waste incineration is
suggested as cost-effective means of reducing emissions from this sector.  A review of the ECP-
NEG limit for medical incinerators concluded that larger medical incinerators actually combust a
considerable amount of municipal waste, and as such it is recommended they comply with the
same limit as the municipal sector.

Nature and application:

Emission limits are expressed as a concentration in the exhaust gas exiting the stack of the
facility.  New or expanding facilities will be expected to comply immediately with the standard,
and it will be up to individual jurisdictions to determine what constitutes a significant expansion
to trigger the standard.  The limits for existing facilities are capable of being met using generally
available technology (or waste diversion).  Larger facilities will be subject to annual stack testing
to verify compliance with the limit and smaller (medical, municipal) facilities will have the
option of reporting on a successful mercury diversion plan or of conducting a one-time stack test,
to illustrate progress towards the standard.

Numeric targets:

For new or expanding facilities of any size, application of best available pollution prevention and
control techniques, such as a mercury waste diversion program, to achieve a maximum
concentration7 in the exhaust gases from the facility as follows:

Municipal waste incineration8,9 20 µg/Rm3

Medical waste incineration 20 µg/Rm3

Hazardous waste incineration 50 µg Rm3

Sewage sludge incineration 70 µg/Rm3

For existing facilities application of best available pollution prevention and control techniques, to
achieve a maximum concentration7 in the exhaust gases from the facility as follows:

Municipal waste incineration8

> 120 Tonnes/year 9 20 µg/Rm3

< 120 Tonnes/year10 20 µg/Rm3
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Medical waste incineration
> 120 Tonnes/year 9 20 µg/Rm3

< 120 Tonnes/year10 40 µg/Rm3

Hazardous waste incineration 50 µg/Rm3

Sewage sludge incineration 70 µg/Rm3

7 Stack concentrations of mercury will be corrected to 11% oxygen content for reporting
purposes.
8Conical waste combusters are under separate consideration since the proposed standard for
municipal waste incinerators cannot be achieved with these burners.   Newfoundland will review
the use of conical waste combusters and consider a phase-out strategy that will reduce mercury
emissions.  Such a strategy would be developed in conjunction with the Canada-wide Standard
for dioxins and furans.
9 Larger facilities must achieve this stack concentration as confirmed by annual testing.
10 Smaller facilities must make determined efforts2 to achieve this stack concentration.  The
effectiveness of the pollution prevention measures will be established by way of a one-time stack
test conducted after implementation of the plan or by the provision of an inventory documenting
an audit of a waste diversion program, which is deemed an acceptable substitute.  

Timeframe for achieving the targets:

Any new or expanding facility will be required to design for and achieve compliance
immediately upon attaining normal full scale operation, compliance to be confirmed by annual
stack testing or an equivalent emission rate as confirmed by an audit of a waste diversion
program.

Existing facilities will endeavour to meet the standards on the following schedule:
Municipal waste incineration 2006
Medical waste incineration 2006
Hazardous waste incineration 2003
Sewage sludge incineration 2005

PART 2:

REPORTING ON PROGRESS:

Ministers will receive reports by jurisdictions in 2004, 2007 and 2010, and will ensure that a
single public report is prepared and posted on the CCME web site for public access.  The 2010
report will include an evaluation of these standards and a recommendation whether changes
should be considered.

These reports will be accompanied by other information on additional outcomes, activities,
research or issues which are relevant to the mercury CWSs and/or sector under consideration. 
Examples of such reporting includes speciation measures relevant to design of stack control
measures, other environmental programs with implications for compliance with the standards,
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etc..

Each jurisdiction will detail the means of ensuring compliance/achievement in a manner
consistent with the typical or desired programs for the affected facility/sector, so as not to impose
an unnecessary level of reporting duplication upon the jurisdictions.  In those sectors where the
CWS calls for determined efforts, jurisdictions will report on their evaluation of these efforts.

During the years prior to the date for achievement/compliance of a standard, jurisdictions will
provide information explaining the status of their implementation of each mercury CWS so that a
consolidated summary of jurisdictional progress can be prepared for the public.  More details and
a mock-up report are available in Annex 1.

ADMINISTRATION:

Jurisdictions will review and renew Part 2 and Annex 1 five years from coming into effect.

Any party may withdraw from these Canada-Wide Standards upon three month's notice.

These Canada-Wide Standards come into effect for each jurisdiction on the date of signature by
the jurisdiction.
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Annex 1
Mercury Reporting Framework

Introduction

Under the Harmonization Accord and its Canada-wide Environmental Standards Sub-Agreement,
all jurisdictions are to report to the public and to Ministers on their progress towards achieving
the CWSs for mercury.

This reporting framework is intended to provide a transparent and consistent mechanism for
reporting by jurisdictions in a fashion which minimizes resource requirements for government
and industry alike, while maximizing the availability of information on achievement of these
standards.

The framework addresses:

1) frequency, timing and scope of reporting
2) guidance as to the means of determining compliance/achievement of the CWS
3) common measurement parameters for reporting purposes
4) data management and public reporting

Frequency, timing and scope of reporting

There will be reporting on a schedule which is tied into assessing the performance of the
governments in meeting the benchmarks and timelines relevant to the standards.  A report issued
in 2004 will include compliance by one incineration sector and progress in all others towards
implementation, the report in 2007 compliance by all incineration sectors and progress for base
metal smelting, and the third report in 2010 an overall evaluation of compliance for all standards
and any recommendations for revisions.  Jurisdictions will submit spreadsheets which will
contain all relevant information necessary for a single public report to be posted on the CCME
web site for public access.

Reports will be limited to information on those facilities which are subject to achievement and/or
compliance with the Canada-wide Standards as endorsed by the Ministers of the Environment
(insert date) and as implemented variously by the responsible jurisdictions or industries.  This
information is intended to show compliance rates and performance characteristics in a manner
which documents sectoral performance as well as jurisdictional performance.  It is not intended
to provide a facility-by-facility record of performance.
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Means of determining compliance/achievement of the CWS

The Canada-wide Standards for mercury lend themselves to achievement through voluntary
action, or through compliance with regulated or legally enforceable limits.  As such, it is
necessary to provide some means to ensure that a level playing field exists so that the numeric
value provided in the CWS is applied equally or similarly in each jurisdictions.  One means to do
this is to require identical compliance procedures, but this may require that some jurisdictions
apply compliance procedures for mercury CWSs that are different than those used for locally
determined or regulated parameters such as SO2, PM, ammonia, etc.  An example is where the
mercury CWS is expressed as the average of 3 stack tests, whereas a jurisdiction may normally
utilize the median value of 3 tests to determine compliance.

In an effort to streamline implementation, each jurisdiction will determine the exact means of
ensuring compliance/achievement in a manner consistent with the typical or desired programs for
the affected facility/sector. It is anticipated that minor variations in jurisdictional requirements
will result in minimal variation across the country which is insignificant with respect to the
overall reduction activities which range from 50-99% for various facilities.

Common measurement parameters for reporting purposes

Each facility report will include specific measures corrected so as to be compatible and consistent
for the purposes of public reporting.  Mercury emissions must be corrected for the O2 content of
gases, to ensure compliance with the standards. 

Each jurisdiction will determine the sector within which each subject facility will be reported. 
For example, a jurisdiction may determine that a small mixed waste incinerator (for example,
burning both medical and municipal waste) may be subject to either standard, based upon the
preponderance of waste (>50% as one type) or based upon the provincial designation of facility
type.  Sectoral assignments will be updated to reflect the most recent characteristics of the facility
under consideration prior to reporting.

While little confusion is likely to exist over the implementation of mercury CWSs for
“greenfield” facilities, it is possible that significantly expanded or modified facilities can/should
be considered as new for the purposes of achievement/compliance with the mercury CWS.  It
will be the responsibility of the jurisdictions to determine at which point a facility no longer
qualifies as an “existing” facility and must conform to the standard for “new or expanded”
facilities as a result of significant modifications/alterations to the facility operations or physical
plant.

Data management and public reporting

Facility-specific information will be supplied in a spreadsheet format to facilitate reporting.  A
consolidated data-report and achievement/compliance report will be made available to all
jurisdictions and to the Ministers, along with the draft public report, prior to formal release of the
public report.  The public report will be released upon approval by the Ministers of the
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Environment. 

Jurisdictions will provide a report in spreadsheet format prior to September 30 so that the
consolidated spreadsheet can be prepared along with the public report (draft) for review and
approval.  A consolidated spreadsheet will be prepared and distributed to all jurisdictions within
30 days of receipt of the final jurisdictional spreadsheet.  Along with the consolidated
spreadsheet a draft public report will be provided for review and consideration prior to the
Ministers' meeting at which public release is anticipated.  That public report (draft format
attached) will be posted to the CCME web site upon approval by the Ministers.  Jurisdictions are
encouraged to provide reference to the CCME web site and/or pointers in their own web sites in
order to ensure a single location for mercury CWSs reporting should errors/miscalculations have
to be corrected at some time. 

In addition to the consolidated public reporting on mercury CWSs, jurisdictions must provide a
contact for facility-specific information in the advent that the public wishes to access compliance
or achievement information.  Such data will be supplied in a manner consistent with the normal
data-reporting/compliance reporting procedures of the jurisdiction in question - the consolidated
spreadsheet will not be made publicly available in that it may include proprietary (business)
information.
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Example public report format only

CWS-Hg for Municipal Solid Waste Incinerators in Canada
(This report covers those processing more than 120 Tonnes/yr only)

Report overview:

This is a consolidated report on the achievement
of or compliance with Canada-Wide Standard for
mercury emissions from the Municipal Solid
Waste Incineration sector in Canada.  Several
facilities located in the Province of Quebec are
not addressed in this report.  This report provides
an progress indicator for the jurisdictional
activities to implement the standards, an indictor
for facility compliance and/or achievement with
the standard, a consolidated graphic showing the
net reductions in emissions from this sector
against two baseline years, and a national
summary for the sector.

Sector overview:

The incineration of solid waste is utilized for two
reasons in Canada - either to reduce volumes to
minimize landfilling, or to achieve generate
electricity (energy from waste).  During the
development of the Canada-wide Standard for
this sector, a total of 13 major facilities and more
than 100 minor facilities were evaluated.  A
baseline year of 2000 has been selected from the
original total of 13 major facilities located in 7
jurisdictions all facilities remain in operation.
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1 INTRODUCTION 
Thank you for selecting Westland Environmental Services Inc. (Westland) to provide 

you with a reliable, proven and cost-effective system to manage your waste in an 
environmentally sound manner. This manual has been prepared to allow you to operate 
and maintain the system safely and efficiently, thereby ensuring its proper operation and 
continued use for a long period of time. 

It also contains information on the combustion process. We believe that understanding 
the basic principles would make you more knowledgeable, and hence a better operator.  
Table 1 outlines the contents of this manual, of  which Sections 3 and 4 are the required 
minimum reading. 

 
Table 1 Organization of Manual  

 
Section 
Number 

Title 
Brief Description 

2 Principles of waste incineration 
What incineration or combustion process is, why waste is incinerated 
and the components of a waste, including heating value, and how 
waste properties affect incinerator operation. 

3 System Description 
The components, their designs and their functions are described 

4 Operation and Maintenance 
How to operate and maintain the system, including safety equipment 
to be used. 

5 Warranty 
Terms of the warranty 

 

2 PRINCIPLES OF WASTE INCINERATION 

2.1 Combustion 
Combustion, burning, incineration, and thermal oxidation all denote the same process, 

which is the reaction of a “combustible” matter with oxygen that occurs at temperatures 
higher than the ignition temperature 1 of that matter. The reaction is exothermic, meaning 
that it generates heat in the form of hot gases. 

In the case of waste, it may also contain non-combustible matter which does not react 
with oxygen. In waste incineration, the non-combustible component ends up as ash and a 
small portion of it is also present in the hot gas in the form of particulate matter or dust.   

                                                 
1 Below the ignition temperature combustion does not take place. Consider, for example, gasoline or wood: it 
has to be “ignited” for combustion to  take place. That is, the temperature in some portion of the matter must 
be brought up to the ignition temperature for combustion to start. 



 

 - 2 - 

Figure 1 shows schematically the process of waste incineration.  The oxygen used comes 
from air, which contains 21% of oxygen by volume, and the hot gas is typically referred to 
as flue gas or stack gas. 

 
 

 
 
 
 
 
 
 
 
 
 

Figure 1 Schematic Diagram of Incineration Process 
 

2.2 Why incinerate waste? 
The main purpose is to reduce the mass and volume for final disposal. Another 

important reason, since the waste may contain pathogenic, infectious or toxic materials, is 
to “detoxify” it by the high temperature process. In remote areas where wildlife is present, 
scavenging can be prevented by incineration. 

In some cases, typically in large-scale operation, incineration is used to recover the 
energy contained in the waste in the form of electricity, steam, hot fluids or hot air.  In 
other cases, valuable materials can be recovered from the ash, or the ash as a whole can be 
used for soil amendment or as a construction material.  

2.3 Waste components 
There are different ways of characterizing waste, depending on the purpose for doing it.  

Here, it is sufficient to characterize the components as follows: 2 
A. Water is an important component because in incineration it has to be evaporated 
first, which requires a lot of energy, 3 which in turn, has the effect of lowering the 
temperature of the flue gas. 
B. Combustible is the component that reacts with oxygen and releases heat in the 
process. 4 The higher the combustible content in the waste, the more air per kg of 
waste is needed for incineration.  

This component can be further classified as:  

                                                 
2 This is referred to as proximate analysis. Another method is elemental analysis, which produces the 
elemental composition (C, H, O, N, S, Cl …) of the waste. 
3 It takes ~ 2.3 MJ (2200 BTU or 90 cc of propane or 60 cc of diesel)  to evaporate 1 L or 1 kg of water.  This is 
referred to as the latent heat of evaporation. 
4 The term “organic” is also used, which is strictly incorrect in that some “inorganic” elements or compounds 
are combustible, such as carbon, sulphur, ammonia and carbon monoxide. 

Incinerator 
At 

High Temperature 

Waste 

Air 

Flue  Gas 

Ash 

Particulate matter 
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(i) Volatile, which is released to the gas phase when the combustible matter is 
heated without the presence of oxygen, and 
(ii) Fixed carbon which remains in the solid waste after the volatile has been 
released. This is often referred to as charcoal. 

C. Non-combustible is the component that does not react with oxygen. 5 As 
previously mentioned, this forms ash, and some of it is entrained in the flue gas in 
the form of particulate matter or dust. The higher the non-combustible content in the 
waste, the less quantity of waste that can be incinerated without removing ash from 
the combustion chamber. Note also if the waste contains  metals, such as lead and 
cadmium, these metals will be present in the ash as well as in the flue gas, in the 
form of particulate matter and vapour. 
 

2.4 Heating Value 
Heating value, calorific value and heat of combustion are synonyms that quantify the 

heat released by the combustible component in the waste upon complete combustion. An 
understanding of the concept can be gained from the hypothetical processes shown in 
Figure 2.  

  
 

 
 
 
 
 
 
 
 
 
 

 
Figure 2 The Concept of Heating Value 

 
A measured mass of dry waste and a sufficient amount of oxygen, at room temperature, 

are ignited, and the resulting hot flue gas is passed through a heat exchanger, where heat is 
extracted until the flue gas is brought back to room temperature. Let M be the mass (kg) of 
the dry waste fed, and H (MJ) the heat extracted from the heat exchanger. The heating 
value of the dry waste is H/M (MJ/kg). 

2.5 Different Expressions for Heating Value 
Two different values are reported in the literature (a) “high” or “gross”, and (b) “low” 

or “net”.  The former corresponds to the case where the moisture in the flue gas is 

                                                 
5 The terms “ash” and “inorganic” are also used. Note that the latter is inaccurate as explained previously. 
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condensed, and hence the high or gross heating value includes the latent heat of 
evaporation of the water formed in combustion (see Footnote 3). The latter excludes the 
latent heat evaporation. The low or net heating value thus represents the maximum 
available energy that can be recovered from the flue gas without condensation. 

To be noted also is the basis on which the heating value is expressed, which can be (a) 
as fired, (b) dry basis or (c) ash free. The distinction is illustrated in Figure 3. An 
understanding of the different bases can be gained by noting that heating value is a 
property of only the combustible component in the waste. Water and the non-combustible 
component simply “dilute” the heating value. In terms of incinerator operation, the 
relevant basis is “as fired”. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 Different Bases for Expressing Heating Value (HV) 
 
 

2.6 Examples of waste characteristics 
Proximate compositions and heating values of commonly found wastes are given in 

Table 2.  
 

Comb
50%

Moisture
20%

Non-Comb
30%

* HV as measured:
15 MJ/kg  “Dry Basis”

* HV of whole waste:
= (30 + 50)/100 * 15 = 12 MJ/kg “As Fired”

• HV of combustible component:
= (30 + 50)/50 * 15 = 24 MJ/kg “Ash Free”

Comb
50%

Moisture
20%

Non-Comb
30%

* HV as measured:
15 MJ/kg  “Dry Basis”

* HV of whole waste:
= (30 + 50)/100 * 15 = 12 MJ/kg “As Fired”

• HV of combustible component:
= (30 + 50)/50 * 15 = 24 MJ/kg “Ash Free”
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Table 2 Classification and Properties of Common Wastes 
 

Type* Description Components 
Weight % MJ/kg 

Moist Comb Non-C HHV 
(A/F) 

0 Trash 

Paper, cardboard, cartons wood boxes and combustible 
floor sweepings from commercial and industrial activities. 
Up to 10% by weight of plastic bags, coated paper, 
laminated paper, treated corrugated cardboard, oily rags 
and plastic or rubber scraps. 

10% 85% 5% 19.7 

I Rubbish Trash + Type 3 (up to 20%) 25% 65% 10% 15 
2 Refuse Rubbish and Garbage 50% 43% 7% 10 

3 Garbage Animal and vegetable wastes, restaurants, hotels, markets, 
institutional, commercial and club sources 70% 25% 5% 5.8 

4 Animal/ 
Pathological 

Carcasses, organs, hospital and laboratory, abattoir, 
animal pound, veterinary sources  85 10 5 2.3 

Notes:  
Moist = moisture, Comb = Combustible, Non-C = Non-combustible, HHV = High Heating Value, A/F = As Fired 
* In some cases Roman numerals are used. That is Types 0, I, II, III and IV 
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2.7 Incinerator Capacity and Load Size 
Incinerator capacity is dependent on waste composition. For a given mass, the amount 

of air required for complete combustion increases with increasing heating value.  Hence, 
for a given incinerator which delivers a given flow rate of combustion air, its capacity for 
waste burning in kg/h decreases with increasing heating value of the waste, or to put it in 
opposite way, it, increases with decreasing heating value.  

 
Another important consideration is the size of the batch loaded to the incinerator. 

The higher the heating value, the smaller (lighter) the load should be. Otherwise, the 
insufficient amount of air will generate black smoke. 

 
Unfortunately, waste composition is usually not known. Nevertheless there may be 

indications on the basis of the components present.  To assist in getting a qualitative 
estimate of the heating value of a batch of waste, the heating values of common “generic” 
waste components are shown in Table 3. 

 
Table 3 High Heating Values (Approximate) of Common Waste Components 

 
Component MJ/kg A/F * Component MJ/kg A/F * 

Kerosene, Diesel … 44 Leather 16 
Plastics 46 Wax paraffin 44 
Rubber, Latex 23 Rags (linen, cotton) 17 
Wood 18 Animal fats 39 
Paper 17 Citrus rinds 4 
Agricultural waste 17 Linoleum 25 
* A/F: As Fired 
  

Another important waste component is the volatile content in the waste.  Table 4 shows 
the proximate components of various materials and wastes.  
 
 In general, this component is responsible for smoke generation. Therefore, as in the 
case with heating value, the higher the volatile content, the smaller the load that should be 
charged to the incinerator. 
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Table 4 Proximate Composition of Various Materials  
 

Material 
Volatile Moisture FC Ash FC/V 

%wt %wt %wt %wt - 
Coal (bit.)  30 5 45 20 1.5 
Peat  65 7 20 8 0.3 
Wood  85 6 8 1 0.1 
Paper  75 4 11 10 0.15 
Sewage sludge  30 5 20 45 0.66 
MSW  33 40 7 20 0.21 
RDF  60 20 8 12 0.13 
PDF  73 1 3 13 0.04 
TDF  65 2 30 3 0.46 
PE,PP,PS  100 0 0 0 0 
Plastics + Colour 98 0 0 2 0 
PVC  93 0 7 0 0.08 

Notes: FC : Fixed Carbon; FC/V: Ratio of Fixed Carbon to Volatile 
(bit: bituminous; MSW: municipal solid waste; RDF: refuse derived fuel; PDF: packaging DF: TDF: Tire DF; 

PE: polyethylene; PP: polypropylene; PS: polystyrene; PVC: polyvinyl chloride)   
 

3 SYSTEM DESCRIPTION 
 

3.1 Nomenclature for Different Models 
This series of incinerator is designated by 

 
CY-(nn)-CA-(x)-O 

 
where nn : a number denoting the nominal capacity of the incinerator in kg/h; 
 x   : a letter denoting the auxiliary fuel used, denoted as follows: 
 D for diesel; P for propane and N for natural gas 
 
For example, CY-100-CA-D-O denotes a 100 kg/h unit using diesel as auxiliary fuel. 
  

3.2 Overview 6 
Regardless of the model of your incinerator, the main components are similar. Figure 4 

shows a schematic diagram of the incineration system. It consists of a Primary Chamber 
and a Secondary Chamber, which are connected by a “flame-port”. Combustion air to the 

                                                 
6 Bolded words correspond to those used in Figure 4 
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primary chamber is delivered by the under-fire air blower, and to the fame-port by the 
flame-port air blower. Auxiliary burners are provided for start-up and to maintain the 
minimum temperatures set in the primary and secondary chambers.  

Thermocouples are used to measure the temperatures in the primary and secondary 
chambers, the outputs of which are used by on-off Omron controllers which regulate the 
operation of the auxiliary burners. 

The oxygen concentration in the secondary chamber is measured by an oxygen probe, 
the output of which is used by a programmable logic controller (PLC) to regulate the flows 
of the under-fire and flame-port air. This control minimizes the occurrence of black smoke 
generation, and will ensure that black smoke is not generated provided the size of the 
waste load is not too large. The PLC also informs the operator when the combustion of a 
batch has been completed, and hence the next batch can be charged. 

Waste is charged manually and intermittently via the waste charging door (1), and ash 
is removed manually and batch-wise after previous operation via the ash removal door (2). 
This door is also used to rake the waste in the primary chamber after several loads have 
been charged, which is necessary to expose the fixed carbon component in the waste to the 
under-fire air. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 Schematic of the Incineration System 
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3.3 Description of system components 
For convenience, the system has been grouped into sections, as shown in Figure 5. In 

each section, the components are shown in subsequent photographs. Each component is 
coded with a number and a prefix corresponding to the section to which it belongs. 
These codes are unique and will be used in later sections on operation, maintenance and trouble 
shooting. The following Tables contain all the components in the system, their codes and 
brief descriptions of their functions. 

Information on components that are not manufactured in-house, such as blowers 
and burners, is given in the accompanying binder. Please consult the corresponding 
manuals for details of operation and maintenance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 Overall View showing the Sections  

SECONDARY CHAMBER 
(SC) 

PRIMARY CHAMBER (PC) 

CONTROL PANEL (CP)
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3.4 Primary Chamber Section 
The components are listed in Table 5, and the photographs are shown in Figure 6  to Figure 8. 

 
Table 5 Components in the Primary Chamber Section 

 
Code Component Description Function 

PC1 Primary Chamber In-house made. Inside Vol: 2.8 m3 

Refractory: 10 cm; Insulation 7.5 cm 
Pyrolysis and gasification 
Combustion of fixed carbon 

PC2 Charge Door In-house made. Door opening: 89 cm x 69 cm Load waste to primary chamber 
PC3 Ash Door In-house made. Door opening: 48 cm x  38 cm Raking and ash removal 
PC4a Contact Switch SquareD ZCKJ1H7 Turn off primary chamber burner when charge 

door is opened 
PC4b Same as PC4a for ash door 
PC5a Auxiliary Burner Becket WIC-201; 700,000 Btu/h; 5 USG/h Start-up and maintains a minimum temperature 
PC5b Same as PC5a 
PC6 Under-fire Air 

Blower 
4C 108 Dayton; 1 HP; 3600 rpm  Combustion air supply to primary chamber 

PC7 Butterfly Valve V51E-1075 Regulate under-fire air flow 
PC8 Actuator Neptronics BBMF 2000A Adjust position of butterfly valve 
PC9 Under-fire Plenum In-house made Distribute under-fire air in primary chamber 
PC10 Thermocouple Wika (sheathed) Measure temperature in primary chamber 
 
 
 
 
 
 
 
 
 
 



 

 - 11 - 

3.5 Secondary Chamber Section 
The components are listed in Table 6, and the photographs are shown in  Figure 6 to Figure 8. 

 
Table 6 Components in the Secondary Chamber Section 

 
Code Component Description Function 

SC1 Secondary Chamber In-house made. Inside Vol: 2.8  m3, 

Refractory: 10 cm; Insulation 7.5 cm 
Combustion of combustible gases and soot generated in 
primary chamber 

SC2 Flame-port Plenum In-house made.  Mixing of combustible gases and flame-port air 
SC3 Flame-port Air 

Blower 
4C 108 Dayton; 1 HP; 3600 rpm  Combustion air supply to flame-port plenum 

SC4 Butterfly Valve V51E-1075 Regulate under-fire air flow 
SC5 Actuator Neptronics BBMF 2000A Adjust position of butterfly valve 
SC6 Thermocouple Wika (sheathed) Measure temperature in secondary chamber 
SC7 Oxygen Probe DL-300 Oxytrol Measure oxygen concentration in secondary chamber 
SC8 Auxiliary Burner Becket WIC-301; 1.6 million Btu/h; 12 

USG/h 
Start-up and maintain minimum set temperature 

SC9 Sight glass In-house made Observation of secondary chamber 
SC10 Stack In-house made Dispersal of flue gas  
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Figure 6 Components in the Primary and Secondary Chamber Sections (1) 

SC10: Stack
SC1: Secondary 
Chamber
SC9: Sightglass
SC2: Flameport
Plenum
PC1: Primary 
Chamber
PC2: Charge Door
PC5a: Auxiliary 
Burner
PC5b: Auxiliary 
Burner
PC4a: Contact Switch

Auxiliary Burner Contact Switch

SC10: Stack
SC1: Secondary 
Chamber
SC9: Sightglass
SC2: Flameport
Plenum
PC1: Primary 
Chamber
PC2: Charge Door
PC5a: Auxiliary 
Burner
PC5b: Auxiliary 
Burner
PC4a: Contact Switch

Auxiliary Burner Contact Switch
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Figure 7 Components in the Primary and Secondary Chamber Sections (2) 

SC10: Stack
SC1: Secondary 
Chamber
SC8: Auxiliary 
Burner
SC3: Flameport
Plenum
PC10: Primary 
Chamber 
Thermocouple 
PC1: Primary 
Chamber
PC5a: Auxiliary 
Burner
PC9: Underfire Air 
Plenum
PC3: Ash Door
PC4b: Contact 
Switch
SC3: Flameport Air 
Blower
PC6: Underfire Air 
Blower

PC10: Primary 
Chamber TC
PC8: Actuator
PC6: Underfire Air 
Blower 
PC7: Butterfly 
Valve

SC10: Stack
SC1: Secondary 
Chamber
SC8: Auxiliary 
Burner
SC3: Flameport
Plenum
PC10: Primary 
Chamber 
Thermocouple 
PC1: Primary 
Chamber
PC5a: Auxiliary 
Burner
PC9: Underfire Air 
Plenum
PC3: Ash Door
PC4b: Contact 
Switch
SC3: Flameport Air 
Blower
PC6: Underfire Air 
Blower

PC10: Primary 
Chamber TC
PC8: Actuator
PC6: Underfire Air 
Blower 
PC7: Butterfly 
Valve
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Figure 8 Components in the Primary and Secondary Chamber Sections (3) 

SC3: Flameport Air Blower
SC4: Butterfly Valve
SC5: Actuator
PC9: Underfire Plenum
SC2: Flameport Plenum
SC7: Oxygen Probe
SC6: Thermocouple

SC3: Flameport Air Blower
SC4: Butterfly Valve
SC5: Actuator
PC9: Underfire Plenum
SC2: Flameport Plenum
SC7: Oxygen Probe
SC6: Thermocouple
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3.6 Control Panel Section 
The components are listed in Table 7. Figure 9 shows a photograph of the whole control panel, which has been divided 

into sub-sections marked A, B, C, D and E, each of which is shown in Figure 10 to Figure 12 
 

Table 7 Components in the Control Panel Section 
 

Code Label Function 
Sub-Section A: Indicating Lights (ON_OFF). Figure 10 

CP1 Burner Blower #1, #2 and #3 #1 and #2: Motors for burners in primary chamber: PC5a and PC5b 
#3: Motor for burner in secondary chamber: SC8 

Under-fire Blower 
Flame-port  Blower 

Under-fire air blower: PC6 
Fame –port  air blower SC3 

CP2 Primary Chamber 
Primary Chamber 
Secondary Chamber 

Flames in burners indicated in the labels 

Sub-Sections B and C: Main Controller and Controllers for Burners and Blowers. Figure 11 
CP3 E-STOP Emergency stop:  

 Push to activate: disconnects main power 
 Twist right  to connect main power 

CP4 Blower Timer 
Burner Timer 

Turn to connect power to blowers and burners for the specified time periods 

CP5 Blowers Start and Stop 
Burners Start and Stop 

Turn ON and OFF all blowers or burners while time has not expired in Timers PC4  
(Note: These buttons are inactive when the timers are OFF, that is, at zero time) 

Sub-Section D: Omron Temperature Controllers and Indicators. Figure 12  
CP6 Primary Chamber T.C. 

Secondary Chamber T.C. 
Temperature displays and control of minimum temperatures in primary and 
secondary chambers by setting adjustable set points (OMRON E5CN) 

Sub-Section E: PLC Indicating Lights and Control Button. Figure 12 
CP7 Red Indicating Light 

(Marked 3 in photo) 
 FLASHING: PLC is NOT ready since temperature is too low for oxygen probe 
 ON: PLC is ready 

CP8 Green Indicating Light 
(Marked 2) 

 ON: Combustion from previous batch is complete: READY to load a new batch 
 OFF: Combustion is taking place. Do NOT load. Wait. 

CP9 Green Button (Marked 1) PRESS immediately after a loading: Activates PLC control  
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Figure 9 Overview of Control Panel, showing the Different Sections  
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Figure 10 Sub-Section A:  Indicating Lights 
[CP1 and CP2 in Table 7] 
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Figure 11 Sub-Sections B and C: Controllers for Burners and Blowers 
[CP3, CP4 and CP5 in Table 7] 
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Figure 12 Sub-Section D: Temperature Controllers; E: PLC Indicating Lights and Control Button 
[CP6 to CP9 in Table 7] 
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4 OPERATION AND MAINTENANCE 
The operation of the incinerator can be described by distinct sequential steps as 

shown in Figure 13. In addition there are additional necessary steps which involve 
safety, routine inspection and waste batch preparation, which will be first described. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13 Steps in the Operation of the Incinerator 
 

4.1 Safety equipment and protocol 
The following personal protective equipment should be used while operating the 

incinerator system: 
• Long sleeved shirt and long pants; 
• Long cuffed, puncture resistant gloves; 
• CSA approved, Grade 1 safety footwear; 
• CSA/ANSI approved safety glasses. 

The personal protective equipment related to specific tasks is listed below: 
• Ash removal and handling: NIOSH N85 respirator 
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• Waste charging: (i) heat protective clothing and gloves, and (2) CSA/ANSI 
approved full face shield.  

 
The hazards that could be encountered arise from the following (not in any order of 

importance): 
 Contact with waste (infectious or toxic components, or sharps); 
 Exposure to heat, from contact with hot surface or radiation from the primary 

combustion chamber when the waste charging door or ash removal door is opened. 
 

Therefore, the general precautionary actions include: 
 Not opening waste batches 
 Not touching hot surfaces, and minimum exposure to heat radiation through open 

doors (charging and ash  doors while combustion is taking place). 
 Wearing appropriate personal protective equipment for charging waste and raking 

the primary chamber, AND minimize the time for those tasks. 
 

4.2 Routine inspection and maintenance 
 Check fuel lines for leak and check connections 
 Check spark arrestor to ensure no plugging  
 During ash removal (see later section): 

o  Inspect refractory for large cracks (not expansion cracks) 
o Check combustion air hole for plugging 
o Inspect door gaskets for damages 

 

4.3 Waste batch preparation 
The following cautionary notes should be followed: 

 NO explosives, aerosol cans or sealed containers containing combustible liquids 
 Make sure that every batch can go through the waste charging door easily, 

regardless of its weight. If others prepare the batches, the operator should tell them 
about the maximum batch size.  

 Do not open batches and “rearrange” the contents. 
 

4.4 Ash removal 
Typically the ash from previous operation was left to cool, and ash removal is done 

first prior to current operation. 
 Make sure combustion chamber is sufficiently cool. 7  
 (Do NOT spray water into the combustion chamber) 
 While removing ash, avoid plugging the combustion air holes and damaging the 

burner tip 
 Use non-combustible container 

                                                 
7  The use of a “remote” thermometer is recommended to check the temperatures in the various places in 
the primary chamber. 
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 Minimize dust generation 
 Light water spraying on ash in the container is recommended to minimize dust 

generation 
 Dispose of ash as specified in the guidelines or regulations 

4.5 Pre-operational checks 
 When diesel or propane is used:  check fuel tank to make sure enough fuel (see 

Figure 17 for estimates of fuel consumption, depending on burner size and length of 
operation) 

 Open fuel valve 
 Re-check that the combustion chamber is empty and combustion air holes are clear 
 Check power connection 
 When diesel is used, bleed the diesel lines to the burners if necessary 

4.6 Start-up: see Figure 14 
Note: Temperatures in Steps 7 and 8 may be regulated: If so,  

SET TO THE REGULATED VALUES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14 Procedure for Start-Up 
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4.7 Waste charging: see Figure 15 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15 Procedure for Waste Charging 
 
Additional Notes to Figure 15:  
**   : The main danger is from exposure to heat radiation, and the waste batch catching 
fire before it is inside the primary chamber. Precautionary steps include: (a) Wear 
proper PPE, (b) Make sure waste batch can go through the charge door easily, (c) open 
door, charge waste and close door as quickly as possible. 
*** : The time for complete combustion varies, depending on batch size, weight and 
composition. More than 30 minutes would be unusual. Check burning conditions from 
ash door or charge door. Rake if necessary [Note Step 8 above].   
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4.8 Burn-Down: see Figure 16 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 16 Procedure for Burn Down 

4.9 Cool-down 
There is nothing to be done here, except ensuring that the incinerator is sufficiently 

cooled (approximately 6 – 8 hours) for the scheduled ash removal for the next 
operation.  

4.10 Maintenance and Inspection 
In addition to the routine inspection and maintenance previously mentioned, only 

the burner(s) and the blower(s) require maintenance, which is quite minimal; see 
manuals in the binder. The following inspection steps are recommended: 
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Table 8 Recommended Inspections 
 
How Often Component Inspection and checking 
Daily Thermocouples PC10  and 

SC6 
Check readings of CP6, Figure 12 that they are 
“close” to the estimated temperatures of the 
primary and secondary chambers 

Contact switches PC4a and 
PC4b 

Free movement, no obstruction 

Gasket/seal in charge and 
ash door PC2 and PC3 

Wear and tear; proper seating 

Actuators PC8 and SC5 Observe free movement while waste is burnt. PLC 
action is typically as follows: 
a. PC8 at minimum for a few minutes, while SC5 

goes up (and down); 
b. PC8 starts to ramp 
c. SC5 goes to a minimum 
d. PC8 goes up and down, then to minimum 

Refractory and under-fire air 
holes in primary chamber 
PC1  

No large (not expansion) cracks; repair if 
necessary No plugging of air holes; clean if 
necessary 

Weekly Air blowers PC6 and SC3 Inspect clean in-takes, clean if necessary 
Monthly External surfaces of PC1 and 

secondary chamber  SC1 
“Spotty” discoloration may indicates damage to 
refractory and/or insulation  

Refractory in SC1 No large (not expansion) cracks; repair if 
necessary 

 

4.11 Trouble Shooting 
Table 9 shows a list of operational problems that may be encountered, the possible 

causes and corrective measures. No list can cover all potential problems. Please report 
problems or unusual observations, even if you have solve them yourself. Thanks. 
 

Table 9 Trouble Shooting Guidelines 
 
Observation Possible Causes Corrective Measures 
Auxiliary burner PC5a, PC5b 
or SC8 not lit 

No fuel  Fuel tank is empty: fill 
 Pump not primed: prime 

As above, and also blowers 
PC6 and SC3 

No power E-stop disconnects main power: twist 
right 

Waste not igniting 
(temperature in primary 
chamber plummets 

Auxiliary burners 
PC5a and PC5b not 
functioning 

 See above 
 Check set point: too low? Increase it. 

Flame pattern in burner not 
correct: “lazy”, sooting or 
detached flame 

Burner setting  Consult manual and correct 
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4.12 Auxiliary Fuel Consumption Rate 
Figure 17 shows the volumetric flow rates of propane and diesel as a function of 

burner rating. If the TOTAL burner rating is X million Btu/h, and the operating time 
from start-up to the end of burn-down is t hours, the maximum fuel needed is: 
 

V = Y * t  USG   
where Y is the fuel consumption rate for X million Btu/h rating, as shown in the graph. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17 Consumption Rates of Propane and Diesel 
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5 WARRANTY 
 

WESTLAND ENVIRONMENTAL SERVICES INC. 
 
1. Westland Environmental Services Inc. hereby warrants to the Purchaser, for a one (1) year period of time 

from the date of acceptance and upon the conditions hereinafter set forth, each new product sold by it, to be 
free from defects in material and workmanship (specifically excluding there from component parts and 
accessories manufactured, furnished, and supplied by others) under normal use, maintenance and service.  
Except for the above Warranty, it is agreed and understood that no other WARRANTY or CONDITION 
whether express, implied, or statutory is made by Westland Environmental Services Inc. 

2. The obligation of Westland Environmental Services Inc. under this Warranty shall be limited to the repair or 
replacement (not in excess of its factory labour rate) of its units; which, upon examination by Westland 
Environmental Services Inc., shall disclose to their satisfaction to have been defective in material and/or 
workmanship under normal use, maintenance, and service. 

3. The foregoing shall be the Purchaser’s sole and exclusive remedy whether in contract, tort, or otherwise; and 
Westland Environmental Services Inc. shall not be liable for injuries to persons, for damage to property or 
for loss of any kind which results (whether directly or indirectly) from such defects in material or 
workmanship, or for any other reason; and, it is agreed and understood that the Purchaser shall keep 
Westland Environmental Services Inc. indemnified against any such claim.  In no event shall Westland 
Environmental Services Inc. be liable for incidental or consequential damages, or commercial losses, or for 
any loss or damage except as set forth in paragraph 2 herein. 

4. This Warranty does not apply to, and no warranty or condition is made by Westland Environmental 
Services Inc. regarding any purchased components, parts, and accessories; manufactured, supplied and/or 
furnished by others, or any non-standard features or items specified by the Purchaser; nor does this 
Warranty expand, enlarge upon, or alter in any way, the warranties provided by the makers and suppliers 
of such component parts and accessories. 

5. The liability of Westland Environmental Services Inc. under this Warranty shall cease and determine if: 
(a) The Purchaser shall not have paid in full all invoices as submitted by Westland Environmental 

Services Inc., or affiliated companies on or before their  due dates: 
(b) Representatives of Westland Environmental Services Inc., are denied full and free right of access to 
the units: 
(c) The Purchaser permits persons other than the agents of Westland Environmental Services Inc. or 

those approved or authorized by Westland Environmental Services Inc. to effect any replacement 
of parts, maintenance, adjustments, or repairs to the units: 

(d) The Purchaser has not properly maintained the units in accordance with instructions, pamphlets or 
directions given or issued by Westland Environmental Services Inc. at the time of the sale and/or 
from time to time thereafter: 

(e) The Purchaser uses any spare parts or replacements not manufactured by or on behalf of Westland 
Environmental Services Inc.  and supplied by it, or by someone authorized by it, or fails to follow 
the instructions for the use of  the same: 

(f) The Purchaser misuses, or uses this unit for any purpose other than that for which it was intended 
or manufactured: 
(g) The defective parts are not returned to Westland Environmental Services Inc. within 15 days of 
repair. 

6. No condition is made or is to be implied, nor is any Warranty given or to be implied as to the life or wear of 
the units supplied; or that they will be suitable for use under any specific conditions; notwithstanding that 
such conditions may be known or made known to the seller. 

7. Defects in material and/or workmanship must be brought to the attention of Westland Environmental 
Services Inc. by written notification within ten (10) days of discovery, and repairs must be commenced 
within forty-five (45) days thereafter. 

8. It is agreed and understood that the Purchaser is responsible for and must pay for the transporting of the defective 
goods or of the replacement parts to the place of repair.  Premium freight charges (such as air express or air fare 
charges for transportation of personnel, tools and for replacement parts) and other expenses, apart from servicemen’s 
regular straight time travel, mileage, and regular straight time labour required to repair or replace defective parts and 
the cost of the parts, will be paid for by the customer at Westland Environmental Services Inc. regular billing rates on 
usual credit terms. 
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9. The liability of Westland Environmental Services Inc. under this Warranty is limited to the purchase price of 
the unit and in no case shall a claim be advanced for more than such amount. 

10. All repairs and replacements are made and furnished subject to the same terms, conditions, warranties, 
disclaimer or warranty and limitations of liability and remedy as applied to each new unit sold. 

11. This warranty and the Purchaser’s rights under it, is not transferable, or is it assignable. 
 

DATE IN SERVICE: 
May 25, 2008 

 

 
MODEL NUMBER: 

 
CY 100- CA- D-O 

 
 

 
SERIAL NUMBER: 

 
 2K7-760

 

PURCHASED BY:  Miramar Hope Bay Project/SNC Lavalin
 

SELLING BRANCH: Edmonton, Alberta 
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6 APPENDIX A: INFORMATION SHEETS AND MANUALS  
 

1. Suggested Spare Parts List 
 
2. Burner: WIC 201  

 
3. Burner: WIC 301  

 
4. Blower: Dayton 4C 108 

 
5. Temperature Controller:  Omron E5CN  

 
6. Valve Actuator: Neptronic BBMF 2000A 

 
7. Oxygen Probe and Transmitter 

 
8. Incinerator Paint MSDS 

 
9. Wiring Diagram 

 



Quantity Unit Description Part #
2 each Beckett WIC 201 burner 7007006
1 each Beckett WIC 301 burner 7000913
1 each Blower-Dayton 4C108 7000051
1 each Proximity Switch 7000169
1 each Oxygen Probe Marathon Oxyfire
1 each Thermocouple, ceramic tube 7640022

100 foot Gasket, Ceramic Fibre 1/4" x 2": $2.38/ft.     7000062
2 each Gasket Cement, HT Silicone Tube @ $24/tube 7000064
1 each Refractory Cement Bag 7000120

** Please note that the Suggested Spare Parts List for start-up and operations are the same. 

CY 100 CA D O Suggested Spare Parts List** 
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Potential for Fire, Smoke and Asphyxiation Hazards

To the Homeowner or Equipment Owner:
Please read and carefully follow all instructions pro-
vided in this manual regarding your responsibilities in 
caring for your heating equipment.
Contact a professional, qualifi ed service agency for in-
stallation, start-up or service work.
Save this manual for future reference.

Incorrect installation, adjustment, or misuse of this burner could result in death, severe 
personal injury, or substantial property damage. 

To the Professional, Qualifi ed Installer or 
Service Agency:

Please read and carefully follow all instructions pro-
vided in this manual before installing, starting, or ser-
vicing this burner or heating system.
The Installation must be made in accordance with all 
state and local codes having jurisdiction.

rnutbrown
Text Box
WIC 301 BURNER

rnutbrown
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Before you begin . . .
The following resources will give you additional 
information for your installation. We suggest 
that you consult these resources whenever 
possible. Pay particular attention to the appliance 
manufacturer’s instructions.

Appliance manufacturer’s instructions -Always 
follow the appliance manufacturer’s instructions 
for burner installation, equipment and set-up.

1–800–OIL–BURN - Beckett’s technical services  
hot-line.
www.beckettcorp.com - Beckett’s website.

To the Owner:

Thank you for purchasing a Beckett burner 
for use with your heating appliance.  Please pay 
attention to the Safety Warnings contained within 
this instruction manual. Keep this manual for your 
records and provide it to your qualifi ed service 
agency for use in professionally setting up and 
maintaining your oil  burner.

Your Beckett burner will provide years of effi cient 
operation if it is professionally installed and 
maintained by a qualifi ed service technician. If at 
any time the burner does not appear to be operating 
properly, immediately contact your qualifi ed 
service agency for consultation.

We recommend annual inspection/service of 
your oil heating system by a qualifi ed service 
agency. 
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Hazard defi nitions

Indicates a potentially 
hazardous situation, 
which, if not avoided, 

may result in personal injury or property 
damage. 

Indicates a potentially
hazardous situation, 
which, if not avoided, 

could result in death, severe personal 
injury, and/or substantial property damage.

Indicates an imminently 
hazardous situation, 
which, if not avoided, 

will result in death, serious injury, or 
property damage.

Note: Within the boundaries of the hazard warning, there 
will be information presented describing consequences 
if the warning is not heeded and instructions on how to 
avoid the hazard.

Specifi cations
Fuels #1 or #2 Fuel Oil
Firing Range BCF1400 - 4.0 to 13.6 gph

BCF2300 - 7.0 to 19.9 gph
Motor CF1400:

1/2 HP  3450 rpm
120/60 Hz Standard
6.5 amps @ 120 VAC

CF2300:
3/4 HP  3450 rpm
120/60 Hz Standard
12.5 amps @ 120 VAC

Optional Voltages (CF1400 & CF2300): 
     240 VAC/1-PH, 
     208, 240, 480 VAC/3-PH,
     50 Hz

Ignition Trans. Continuous Duty, 120V/12,000V
Housing Cast aluminum
Fuel Unit 100 to 300 psig
Oil Nozzle 45o to 70o Solid
Dimensions Refer to Figure 7.

Intended to bring special attention to information, 
but not related to personal injury or property 
damage.

NOTICE

Agency approvals

UL listed to comply with ANSI/UL296 
and certifi ed to CSA B140.0.
Accepted by N.Y.C. M.E.A.
Other approvals may be available and 
must be specifi ed at time of order.
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Please read all instructions before proceeding. 
Follow all instructions completely. 
This equipment must be installed, adjusted and 
started by a qualifi ed service agency that is licensed 
and experienced with all applicable codes and 
ordinances and responsible for the installation and 
commission of the equipment. 
The installation must comply with all local codes 
and ordinances having jurisdiction and the latest 
editions of the NFPA 31 and CSA-B139 & B140 in 
Canada. 

Failure to follow these instructions 
could lead to equipment malfunction 
and result in asphyxiation, explosion 
or fi re.

Follow These Instructions 
Exactly

Professional Installer/Service Agency 
Responsibility:

Pre-installation checklist
Combustion air supply

The burner requires combustion air and ventilation air 
for reliable operation. Assure that the building and/or 
combustion air openings comply with National Fire 

Protection Standard for Oil-Burning Equipment, NFPA 
31. For appliance/burner units in confi ned spaces, the 
room must have an air opening near the top of the room 
plus one near the fl oor, each with a free area at least one 
square inch per 1,000 Btu/hr input of all fuel burning 
equipment in the room. For other conditions, refer to 
NFPA 31 (CSA B1139-M91 in Canada).
If there is a risk of the space being under negative pressure 
or of exhaust fans or other devices depleting available 
air for combustion and ventilation, the appliance/burner 
should be installed in an isolated room provided with 
outside combustion air.

Clearances

With the burner installed in the appliance, there must be 
adequate space in front of and on the sides of the burner 
to allow access and operation. Verify that the clearance 
dimensions comply with all local codes and with the 
appliance manufacturer’s recommendations.

Owner’s Responsibility:

Follow These 
Instructions Exactly

Contact a professional, qualifi ed service agency for the 
installation, adjustment and service of your oil burning system.  
Thereafter, have your equipment adjusted and inspected at 
least annually to ensure reliable operation. This work requires 
technical training, trade experience, licensing or certifi cation 
in some states and the proper use of special combustion test 
instruments.  

Please carefully read and comply with the following 
instructions:

Never store or use gasoline or other fl ammable 
liquids or vapors near this burner or appliance.
Never attempt to burn garbage or refuse in this 
appliance.
Never attempt to light the burner by throwing 
burning material into the appliance. 
Never attempt to burn any fuel not specifi ed and 
approved for use in this burner.
Never restrict the air inlet openings to the burner 
or the combustion air ventilation openings in the 
room. 

Failure to follow these instructions, 
misuse, or incorrect adjustment of 
the burner could lead to equipment 
malfunction and result in asphyxia-
tion, explosion or fi re.

50 Hz Motors - The burner ratings, air settings and nozzle 
ratings are based on standard 60 Hz motors (at 3450 rpm). 
Derate all ratings 20% when using 50 hz motors. Consult fac-
tory for specifi c application data. 

NOTICE

High altitude installation - Accepted industry practice requires 
no derate of burner capacity up to 2000 feet above sea level. 
For altitudes higher than 2000 feet, derate burner capacity 2% 
for each 1000 feet above sea level. 

NOTICE

The burner cannot properly burn the fuel if it is not sup-
plied with a reliable combustion air source.
Follow the guidelines in the latest editions of the NFPA 
31 and CSA-B139 regarding providing adequate air for 
combustion and ventilation.

Failure to provide adequate air supply could 
seriously affect the burner performance and re-
sult in damage to the equipment, asphyxiation, 
explosion or fi re hazards.

Adequate Combustion 
and Ventilation Air Supply 
Required
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Nozzle pressure

The fuel unit nozzle port pressure is factory set at 300 
psig. Some original equipment manufacturer burner 
applications may call for a lower pressure to obtain a 
required fi ring rate.  Do not change this pressure un-
less directed to do so by the appliance manufacturer.

Electrical supply

Verify that the power connections available are correct 
for the burner. Refer to Figure 1.  All power must be 
supplied through fused disconnect switches.

Vent system

The fl ue gas venting system must be in good condition 
and must comply with all applicable codes.

Fuel supply

The fuel supply piping and tank must provide #1 or #2 
fuel oil at pressure or vacuum conditions suitable for the 
fuel unit (oil pump) on the burner. Refer to fuel unit litera-
ture in the literature envelope in the burner carton to verify 
allowable suction pressure.

If fuel supply is level with or higher than fuel unit —

When the fuel unit is not required to lift the oil, the instal-
lation is usually suitable for either a one-pipe or two-pipe 
oil system. The oil pressure at the inlet of the fuel unit 
must not exceed 3 psig.
The fuel unit is shipped with the by-pass plug installed. 
Leave the by-pass plug installed for all low/high fi ring 
burners, regardless whether one-pipe (with by-pass loop) 
or two-pipe. See Figure 9 for installation of the by-pass 
loop required for one-pipe fuel supply installations. See 
Figure 10 for connections to the fuel unit for two-pipe 
fuel supply installations.

When fuel supply is below the burner fuel unit —

Use a two-pipe oil system when the fuel unit must lift the 
oil more than 8 feet. The return line provided by the two-
pipe system is needed to minimize the effects of air-related 
problems during operation.

LISTED
(FUEL) BURNER      

SERIAL NUMBER

050214-00000

Control Circ: 120V/60Hz 4.5A
Motor Circ: 120V/60Hz 4.0A

Model “XX”
Series (Fuel) Burner

R.W. Beckett Corp.
Elyria, Ohio

Made in the U.S.A.

For use with Group 8 . . . 

MP 1192      XX000      R00

X
X
X
X
X
X

XX000     R00
050214-00000

MFR’S SETTINGS

R.W. Beckett Construction & Setting Data

R.W. Beckett Specifi cation
Number and Revision

Boiler Manufacturer and 
Model, When Applicable

Additional Codes

General Model Information

Serial Number,Including Date Code

Rating Information

Approval Agency Symbols

Primary Group and Fuel

L0002

Figure 1 – Typical Nameplate

The oil supply inlet pressure to the burner cannot 
exceed 3 psig.  
Do not install valves in return line.
Insure that a pressure limiting device is installed in 
accordance with the latest edition of NFPA 31. 
Gravity Feed Systems: Always install an anti-siphon 
valve in the oil supply line or a solenoid valve (RWB 
Part # 21789) in the pump/nozzle discharge tubing to 
provide backup oil fl ow cut-off protection. 

Damage to the fi lter or pump seals could cause 
oil leakage and a fi re hazard.

Oil Supply Pressure 
Control Required

Use only nozzles having the brand, fl ow rate (gph), spray angle 
and pattern specifi ed by the appliance manufacturer.

Follow the appliance manufacturer’s specifi cations for the 
required pump outlet pressure for the nozzle, since this affects 
the fl ow rate. 

Nozzle manufacturers calibrate nozzle fl ow rates at 
100 psig.
This burner utilizes pressures higher than 100 psig, 
so the actual nozzle fl ow rate will be greater than the 
gph stamped on the nozzle body. (Example: A 8.00 
gph nozzle at 150 psig = 9.80 gph and at 300 psig 
= 13.86 gph)

For typical nozzle fl ow rates at various pressures see 
accompanying chart.

Incorrect nozzles and fl ow rates 
could result in impaired combustion, 
under-fi ring, over-fi ring, sooting, 
puff-back of hot gases, smoke 
and potential fi re or asphyxiation 
hazards. 

Correct Nozzle and Flow 
Rate Required
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Verify burner components —

Burner nameplate (fi gure 1), Model CF1400 or 
CF2300A
Air tube assembly
Mounting fl ange kit
Pedestal mounting assembly kit (recommended)
Oil nozzle, per Table 1 — Use only 45° to 70° solid 
pattern nozzles unless otherwise shown by appliance 
manufacturer or on the burner nameplate rating 
label.

 Find the required fi ring rate in the 300 psig column (high 
fi re rate).
 Select the corresponding nozzle from column 1 (Rated 
gph @ 100 psig).      

(Example: a 500 gph nozzle @ 300 psi = 8.66 gph)

Model Firing 
Rate
(gph)

Minimum Dimensions

Refractory Lined Wet-based 
Boilers

A L A L
CF1400 0 to 5 7.0” 25.0” 7.0” 25.0”

5 to 10 8.0” 35.0” 8.0” 40.0”
CF2300 5 to 10 8.0” 35.0” 8.0” 40.0”

10 to 15 9.0” 40.0” 9.0” 50.0”
15 to 20 11.0” 55.0” 11.0” 60.0”

Figure 2 – Chamber Dimensions

Table 1 - Nozzle capacities

Rated 
gph 

@ 100 
psig

Pressure - Pounds per square inch

125 140 150 175 200 250 275 300

3.00 3.35 - 3.67 3.97 4.24 4.74 4.97 5.20
3.50 3.91 - 4.29 4.63 4.95 5.53 5.80 6.06
4.00 4.47 - 4.90 5.29 5.66 6.32 6.63 6.93
4.50 5.04 5.32 5.51 5.95 6.36 7.11 7.46 7.79
5.00 5.59 5.92 6.12 6.61 7.07 7.91 8.29 8.66
5.50 6.15 6.51 6.74 7.27 7.78 8.70 9.12 9.53
6.00 6.71 7.10 7.35 7.94 8.49 9.49 9.95 10.39
6.50 7.26 7.69 7.96 8.60 9.19 10.28 10.78 11.26
7.00 7.82 8.28 8.57 9.25 9.90 11.07 11.61 12.12
7.50 8.38 8.87 9.19 9.91 10.61 11.86 12.44 12.99
8.00 8.94 9.47 9.80 10.58 11.31 12.65 13.27 13.86
8.50 9.50 10.06 10.41 11.27 12.02 13.44 14.10 14.72
9.00 10.06 10.65 11.02 11.91 12.73 14.23 14.93 15.59
9.50 10.60 11.24 11.64 12.60 13.44 15.02 15.75 16.45

10.00 11.18 11.83 12.25 13.23 14.14 15.81 16.58 17.32
10.50 11.74 12.42 12.86 13.89 14.85 16.60 17.41 18.19
11.00 12.30 13.02 13.47 14.55 15.56 17.39 18.24 19.05
12.00 13.42 14.20 14.70 15.88 16.97 18.97 19.90 20.79

Verify air tube
 

The information in this section may be disregarded if the 
air tube is supplied by the appliance manufacturer.

On the CF1400, there are two tube arrangements 
available –
Tube A — 4.0 to 11.0 GPH per Table 2
Tube B — 7.0 to 13.6 GPH per Table 2
The CF1400 maximum fi ring capacity depends on 
the fi rebox pressure. Use Table 2 to verify the cor-
rect air tube type for the fi ring rate required. Use 
Tube B only when Tube A cannot provide the fi ring 
rate required.

On the CF2300, there are two tube arrangements 
available –
Tube A —   7.0 to 19.9 GPH per Table 2
Tube B — 10.0 to 19.9 GPH per Table 2
The CF2300 maximum fi ring capacity depends on 
the fi rebox pressure. Use Table 2 to verify the cor-
rect air tube type for the fi ring rate required. Use 
Tube B only when Tube A cannot provide the fi ring 
rate required.
See Figure 3 to verify the correct air tube length and 
air tube combination code.

Verify fi ring rate
 

Refer to appliance manufacturer’s instructions (if avail-
able) for fi ring rate and nozzle selection. Otherwise, the 
maximum recommended fi ring rate for the burner de-
pends on the length of the fi ring chamber and the distance 
from the burner center to the chamber fl oor. Verify that 
the chamber dimensions are at least as large as the mini-
mum values given in Figure 2. If the appliance dimen-
sions are smaller than recommended, reduce the fi ring 
rate accordingly.



6104 BCF23 R07 7

Figure 3 – Air tube mounting dimensions

Air Tube Combination Codes

Model Tube Dimension 
T

Dimension
D Code Dimension 

E

CF
14

00

A

6.75” 5.5” CF 66 KD -
10.25” 5.5” CF 102 KD -
13.75” 5.5” CF 136 KD -
17.75” 5.5” CF 176 KD -

B

6.75” 5.75” CF 66 KE -
10.25” 5.75” CF 102 KE -
13.75” 5.75” CF 136 KE -
17.75” 5.75” CF 176 KE -

CF
23

00

A

6.75” 6.5” CF 66 KG 2.94”
10.25” 6.5” CF 102 KG 2.94”
13.75” 6.5” CF 136 KG 2.94”
17.75” 6.5” CF 176 KG 2.94”

B

6.75” 8.125” CF 66 KS 3.69”
8.375” 8.125” CF 86 KS 3.69”
11.0” 8.125” CF 110 KS 3.69”
14.5” 8.125” CF 144 KS 3.69”
18.5” 8.125” CF 184 KS 3.69”

Note: 10% turndown indicates suffi cient reserve air to reduce 
the CO2 in the fl ue to 90% of its value.  The above ratings may 
vary 5% due to variations in actual job conditions.

*CF2300 can fi re higher but is limited by UL requirements

Table 2 - Air tube capacity Versus fi rebox pressure

Air Tube Capacity vs Firebox Pressure

Model Tube
Firebox 

Pressure
(In W.C.)

No Reserve 
Air

10% Turndown*
(GPH)

CF
14

00

A

0.0 11.0 10.0
0.2 10.5 9.45
0.4 10.1 9.10
0.6 9.6 8.64
0.8 9.2 8.30
1.0 8.7 7.83

B

0.0 13.6 12.20
0.2 13.1 11.70
0.4 12.5 11.20
0.6 12.0 10.80
0.8 11.4 10.30
1.0 10.9 9.80

CF
23

00

A

0.0 19.9 19.90
0.2 19.2 19.10
0.4 18.5 18.30
0.6 17.9 17.60
0.8 17.2 16.80
1.0 16.5 16.00

B

0.0 19.9 19.90
0.2 19.7 19.60
0.4 19.5 19.30
0.6 19.4 19.10
0.8 19.2 18.80
1.0 19.0 18.50

Legend
E Insertion depth
G Air tube to inside of chamber: .25” ±.125”
T Nozzle centerline to electrode tip - 1/4”
D Nozzle face to electrode tip - 1/8”

Note: Install the burner with a 2° 
pitch as shown.
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This burner is designed for clean, dry installations.
Electrical controls are not protected against rain or 
sprayed water.
Keep the installation clear of dust, dirt, corrosive 
vapors, and moisture.
Protective covers and more frequent maintenance 
may be required.

Wet, dusty environments could lead to blocked 
air passages, corrosion damage to components, 
impaired combustion performance and result in 
asphyxiation, explosion or fi re.

Protect Against Dust and 
Moisture 

 Stray light Dust and Moisture

Mount the burner

Figure 4 – Mount fl ange(s) on air tube

Mount fl ange(s) on air tube

 
This section does not apply to burners with welded 
fl anges.

Do not install air tube on burner.
For non-pressure fi ring fl ange, refer to Figure 4:  
Install gasket (item a) and fl ange (item c). Ignore the 
next paragraph.
For pressure-fi ring fl ange, refer to Figure 4:  Slide 
gasket (item a) onto the air tube, making sure the top 
of the air tube is up. Predrill holes in the pressure fi ring 
plate (item b) to match the appliance studs. Slide the 
pressure fi ring plate (item b) and fl ange (item d) onto 

the air tube as shown. Wrap ceramic fi ber rope (not 
shown) around the air tube and press tightly into the 
inside diameter of the fl ange (item c).
Slide the air tube (item d) into position in the 
appliance front. Tighten the fl ange-mounting-stud 
nuts. Set the insertion of the air tube so dimension G 
is 1/4” nominal.
Pitch the air tube at 2° from horizontal as shown and 
secure the fl ange to the air tube. 

Protect Against Stray 
Light Lockout 

Failure to follow these instructions could cause 
loss of burner operation resulting in no heat, an 
unplanned process interruption, work stoppage 
and the potential for frozen plumbing or other 
cold weather property damage.

The control must detect a dark, no-fl ame condition 
in order to start the burner or it will hold in the 
stray light lockout mode.
Shield the burner view window from direct expo-
sure to intense light. 

Protect the Air Tube 
From Overheating

Overheating could cause damage to the air tube 
and other combustion components leading  to 
equipment malfunction and impaired combustion 
performance.

The end of the air tube must not extend into the 
combustion chamber unprotected unless it has 
been factory-tested and specifi ed by the appliance 
manufacturer.
Position the end of the air tube 1/4” back from fl ush 
with the refractory inside entry wall to prevent 
damage from overheating.



6104 BCF23 R07 9

Mount air tube to burner

Remove the rear access door from the back of the 
burner for improved access to the interior.
Attach the air tube to the burner with the bolts and 
acorn nuts provided. The acorn nuts must go on the 
outside of the burner, with the bolts inserted from the 
inside.

Install nozzle

See Figure 5. Install the oil nozzle in the nozzle adapter. 
Use a 3/4” open-end wrench to steady the nozzle adapter 
and a 5/8” open-end wrench to turn the nozzle. Tighten 
securely but do not overtighten.
Check, and adjust if necessary, the critical dimensions P, 
Q, R and S shown in the drawing. Verify that the oil tube 
assembly and electrodes are in good condition, with no 
cracks or damage.

Figure 5 – Nozzle and nozzle line assembly

Legend
S Electrode spacing - 3/32”
Q Nozzle to head - 1/4”
P Nozzle centerline to electrode tip - 1/4”
R Nozzle face to electrode tip - 1/8”

Check electrode settings

Check, and adjust if necessary, the critical dimensions 
shown in Figure 5. Verify that the oil tube assembly and 
electrodes are in good condition, with no cracks or dam-
age.

Maintain Electrode 
Specifi cations 

Adjust the electrode gap and position in relation to 
the nozzle to the specifi cations shown in Figure 5.

Failure to properly maintain these specifi cations 
could cause ignition malfunction, puff-back 
of hot gases, heavy smoke, asphyxiation, 
explosion and fi re hazards.

Install nozzle line assembly

Insert the nozzle line assembly into the burner air 
tube as in Figure 6.
See Figures 6 and 7. Assemble the adjusting plate 
assembly per the instructions in the assembly pack-
et.
Slide the secondary adjusting plate (item f) com-
pletely to the left on the indicator adjusting plate 
(item e). Finger-tighten acorn nut (item c) to secure 
the two plates together. Slide both plates completely 
to the left on the primary adjusting plate (item g) 
and fi nger-tighten acorn nut (item d).
Slide the completed adjusting plate assembly over 
the nozzle line end. Move the plate assembly and 
the nozzle line so the plate assembly fi ts into posi-
tion as shown in Figure 6.
Install the spline nut (Figure 6, item b) on the end 
of the nozzle line, leaving the nut loosely placed so 
the plates can be moved.
Connect the high-voltage leads from the ignition 
transformer to the electrodes.

Figure 6 – Nozzle line assembly in burner

Z

2308

a
Measure dimension from
front (flat) face of head to
end of air tube, as shown.

Z
b

c

d

Measure dimension Z from the flat
surface between (not on) the raised fins.2324

Z = 1-3/4” ± 1/16”

Legend (Figure 6)
a Adjusting plate assembly
b Spline nut for securing nozzle line
c Bottom acorn nut
d Top acorn nut (for setting dim. Z only)
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Set dimension Z

Replace the rear access door on the burner, making 
sure that the adjusting plate assembly is now securely 
in the groove.
Loosen acorn nut (item d) in Figure 5. Slide the 
nozzle line and plate assembly until dimension Z 
in Figure 5 is 1-3/4 ±1/16” (CF1400 and CF2300). 
When dimension Z (from end of air tube to fl at area 
of front face of head) is correctly set, tighten acorn 
nut (item d). Verify that the adjusting plate assembly 
is properly seated in the groove.
Attach the oil line from the oil valve to the nozzle 
line end. Tighten securely.
Before proceeding, check dimension Z once again. 
Loosen acorn nut (item d) if necessary to reposition 
the nozzle line. Once dimension Z is set, do not 
loosen acorn nut (item d) again. 

Figure 8 – Burner installed in appliance front

Insert burner

Position the burner in the front of the appliance and 
loosely tighten the nuts on the mounting studs. The 
burner should be pitched downward 2° as shown in 
Figures 4 and 8.
See Figure 8. Install the pedestal support kit 
(recommended) by attaching the 3/4” npt fl ange 
(item a) to the bottom of the burner using the (4) 
#10 screws provided. Cut and thread (one end only) 
a 3/4” pipe nipple (item b) with length 11 inches 
less than dimension D in Figure 8. Thread the pipe 
into the fl ange. Then slip the pipe end into the fl oor 
fl ange (item c).
Secure the burner to the appliance by tightening 
the nuts on the burner fl ange mounting studs. Then 
secure the pedestal support fl oor fl ange set screw to 
the pipe.

Figure 7 – Adjusting plate assy.

Legend
a Adjusting plate assembly
b Spline nut for securing nozzle line
c Bottom acorn nut
d Top acorn nut (for setting dim. Z only)
e Indicator adjusting plate
f Secondary adjusting plate
g Primary adjusting plate

Legend
H Housing total length (CF1400 - 18”, CF2300 - 18.5”)
J Center to bottom of housing (CF1400 - 10.88”, CF2300 - 10.5”)
K Overall housing height (CF1400 - 13.63”, CF2300 - 15.63”)
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Fuel unit by-pass plug

The burner is shipped with a by-pass plug installed in the 
fuel unit. For low/high operation, the by-pass plug must 
be left in the fuel unit, regardless of the fuel system used 
(one-pipe with by-pass loop or two-pipe). Do not remove 
the by-pass plug.

One-pipe oil system by-pass loop

Refer to Figure 9 (item m). Note the addition of a fi eld-
installed by-pass loop (use 3/8” copper tubing) from the 
fuel unit Return port to the Inlet port. This line is required 
for low/high operation. It simulates the fl ow of a two-
pipe system at the fuel unit. 

Oil supply/return lines

Install the oil tank and oil lines in accordance with 
all applicable codes.
Size the oil supply and return lines using the 

guidelines given in the fuel unit literature included in 
the literature envelope. Oil line fl ow rate will equal 
the burner rate for one-pipe systems. For two-pipe 
systems, refer to Table 3 for the fuel unit gearset 
capacity - the rate at which fuel is recirculated when 
connected to a two-pipe system. Size two-pipe oil 
lines based on this fl ow rate.
Use continuous lengths of heavy-wall copper 
tubing, routed under the fl oor where possible. Do 
not attach fuel lines to the appliance or to fl oor 
joists if possible. This reduces vibration and noise 
transmission problems.
Install an oil fi lter sized to handle the fuel unit 
gearset fl ow capacity (Table 3) for two-pipe systems. 
However, size the fi lter for the fi ring rate for one-
pipe systems. Locate the fi lter immediately adjacent 
to the burner fuel unit.
Install two high-quality shutoff valves in accessible 
locations on the oil supply line. Locate one valve 
close to the tank. Locate the other valve close to the 
burner, upstream of the fuel fi lter.

Burner fuel fl ow

One-pipe systems – See Figure 9 for the fuel fl ow paths 
for high-fi re and low-fi re operation. The low-fi re by-pass 
regulation is done internally for type B fuel units. Oil 
supply connects to one of the fuel unit Inlet ports.
Two-pipe systems – See Figure 10 for the fuel fl ow 
paths for high-fi re and low-fi re operation. The low-fi re 
by-pass regulation is done internally for type B fuel units. 
Oil supply connects to one of the fuel unit Inlet ports. Oil 
return connects to the fuel unit Return port.
Low-fi re/high-fi re operation – The fuel unit nozzle port 
pressure is factory set at 300 psig.

At high fi re, full pressure (300 psig) is applied at the 
oil nozzle, causing full input.
At low fi re, the by-passing is done inside the fuel 
unit when the by-pass valve operates.
This by-passing of oil reduces the oil pressure at the 
nozzle (to between 125 psig and 175 psig), reducing 
the input.

Install Oil Supply To 
Specifi cations

Carefully install the oil supply lines, fi ttings and 
components using the guidelines provided in this 
section.
The oil supply must comply with the latest edition 
of NFPA 31 (Canada CSA B139) and all applicable 
codes.
Do NOT install valves in the return line.
If the oil supply inlet pressure to the pump exceeds 3 
psig or for gravity feed systems, install an oil safety 
or pressure reducing valve (Webster OSV, Suntec 
PRV or equivalent). 

Failure to properly install the oil 
supply system could cause oil 
leakage, equipment malfunction, 
puff-back of hot gases, heavy smoke, 
asphyxiation, explosion and fi re 

Models CF1400 and CF2300 are shipped with the 
pump bypass plug installed.
Do not remove the bypass plug from the pump. It is 
required for step-fi ring (Lo/Hi) operation.
Do not operate the burner unless a return line 
or bypass loop is installed or the pump seal will 
rupture.  
Carefully comply with the following instructions 
provided in this section of the manual.

Failure to follow these guidelines will cause 
the fuel pump seals to rupture and result in oil 
leakage, burner malfunction and potential fi re 
and injury hazards.

Factory-Installed Pump 
Bypass Plug 
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300 psig high fire
125 to 175 psig low fire 2323a

d

a

c c g

k

f

b

p

h

300 psig high fire
125 to 175 psig low fire2320a

d c c

b

m
a

g

f

p

h

Field-installed
by-pass loop

Figure 9 – One-pipe oil fl ow with “B” pump

Figure 10 – Two-pipe oil fl ow with “B” pump

Legend (fi gure 9 & 10)
a Return port
b Nozzle port
c Oil valves
d Nozzle & adapter
f By-pass pressure regulator
g Inlet port
h By-pass valve (“B” pump)
k Return line to oil tank
m One-pipe by-pass loop, 3/8”
p Air bleed valve

Table 3 – Fuel unit gearset capacities

Model Fuel Unit Model 
Number

Gearset Capacity 
(gph)

CF1400 B2TA-8245 21
CF2300 B2TA-8852 39

Nozzle pressure – The fuel unit nozzle port 
pressure is factory set at 300 psig. Some original 
equipment manufacturer burner applications may 
call for a lower pressure to obtain a required fi ring 
rate. Do not change this pressure unless directed to 
do so by the appliance manufacturer.
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Wire the burner — R7184B

Install the burner and all wiring in accordance with the National 
Electrical Code and all applicable local codes or requirements.

Wire the burner in compliance with all instructions provided by 
the appliance manufacturer. Verify operation of all controls in 
accordance with the appliance manufacturer’s guidelines.

See Figure 11 for a typical wiring diagram, with R7184 oil 
primary, for reference purposes only. 

Figure 11. - Typical wiring (R7184B)

Legend
CC Flame sensor, cad cell typical
DM Damper motor
FD Fused Disconnect, by others
F-F Cad cell fl ame sensor terminals
H/L Low/high control wiring tag

LFHS Low fi re hold switch
LM Limit controls, by others
M1 Burner motor
OP Operating controls, by others
PR Oil primary control, R7184 typ.
S2 High/low valve

S1, S3 On/off valve
TR Ignition transformer
T-T 24-volt thermostat/limit terminals

Disconnect electrical power before installing or 
servicing the burner.
Provide ground wiring to the burner, metal control 
enclosures and accessories. (This may also be 
required to aid proper control system operation)
Perform all wiring in compliance with the National 
Electric Code ANSI/NFPA 70 (Canada CSA 
C22.1).

Electrical shock can cause severe personal in-
jury or death.

Electrical Shock Hazard

TRANSTRANS

DMDM
SQN70SQN70

S3

LINE VOLTAGE SERVICE 120V 60Hz
FROM FUSED DISCONNECT

SUPPLIED BY INSTALLER

6

5

1 N

H/L

LA

2

3
4

D

K

H

AC

L1

IGN

T

CAD
DETECTOR

T

VLV
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M

L2

2

S1

S2

3

LFHS

A
2

LIMITS OPERATOR

D

A

B

A

A

A

A

J

TIMER

LA0 1

M1

K

A

L2

A

L1
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Standby

Trial forTrial for
ignition

Lockout

RecycleRun

3 4

Ignition
carryover

Motor-off
delay

(postpurge)

8

6 7

5

Valve-on
delay

2

1

Sequence of operation 
— typical
Install the burner and all wiring in accordance with the National 
Electrical Code and all applicable local codes or requirements.

Wire the burner in compliance with all instructions provided by 
the appliance manufacturer. Verify operation of all controls in 
accordance with the appliance manufacturer’s guidelines.

Sequence of operation — typical
1. Standby — The burner is idle, waiting for a call for heat. 

When a call for heat is initiated, there is a 3- to 10-second 
delay while the control performs a safe start check.

2. Valve-on delay — As applicable, the ignition and motor are 
turned on for a 15-second prepurge.

3. Trial for ignition (TFI) — The fuel valve is opened, as 
applicable. A fl ame should be established within the 15-second 
lockout time (30-second lockout time is available).

4. Lockout — If fl ame is not sensed by the end of the TFI, the 
control shuts down on safety lockout and must be manually 
reset. If the control locks out three times in a row, the control 
enters restricted lockout. Call a qualifi ed service technician.

5. Ignition carryover — Once fl ame is established, the ignition 
remains on for 10 seconds to ensure fl ame stability. It then 
turns off.

6. Run — The burner runs until the call for heat is satisfi ed. The 
burner is then sent to burner motor-off delay, as applicable, 
or it is shut down and sent to standby.

7. Recycle — If the fl ame is lost while the burner is fi ring, the 
control shuts down the burner, enters a 60-second recycle 
delay, and then repeats the ignition steps outlined above. If 
the fl ame is lost three times in a row, the control locks out to 
prevent continuous cycling with repetitious fl ame loss caused 
by poor combustion.

8. Burner motor-off delay — If applicable, the fuel valve 
is closed and the burner motor is kept on for the selected 
postpurge time before the control returns the burner to 
standby.

Resetting to OHM
If the control locks out three times in a row without 
a complete heat cycle between attemps, the lockout 
becomes restricd.  A qualifi ed service technician 
should be called to inspect the burner.
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Prepare the burner for start-up

This burner must be installed and prepared for start-
up by a qualifi ed service technician who is trained 
and experienced in commercial oil burner system 
installation and operation.
Do not attempt to start the burner unless you are 
fully qualifi ed.
Do not continue with this procedure until all items 
in the “Prepare the burner for start-up” section have 
been verifi ed.  
Carefully follow the wiring diagrams, control 
instruction sheets, fl ame safeguard sequence 
of operation, test procedures and all appliance 
manufacturer’s directions that pertain to this 
installation.
If any of these items are not clear or are unavailable, 
call Beckett at 1-800-645-2876 for assistance.

Incorrect installation and mishandling of start-
up could lead to equipment malfunction and 
result in asphyxiation, explosion or fi re.

Professional Installation 
and Service Required

Safety controls are designed and installed to provide 
protection.
Do not tamper with, or bypass any safety control. 
If a safety control is not functioning properly, 
shut off all main electrical power and fuel supply 
to the burner and call a qualifi ed service agency 
immediately.

Tampering with, or bypassing safety controls 
could lead to equipment malfunction and result  
in asphyxiation, explosion or fi re.  

Do Not Bypass Safety 
Controls

Keep Service Access 
Covers Securely Installed

These covers must be securely in place to prevent 
electrical shock, damage from external elements, 
and protect against injury from moving parts.  

All covers or service access plates must be in place 
at all times except during maintenance and service. 
This applies to all controls, panels, enclosures, 
switches, and guards or any component with a 
cover as part of its design.  

Start-up checklist   –  Verify the following before at-
tempting to start burner.

Combustion air supply and venting have been inspected 
and verifi ed to be free of obstructions and installed in 
accordance with all applicable codes.
Oil nozzle has been selected correctly and securely 
installed in the nozzle adapter.
Fuel unit by-pass plug has not been installed for one-
pipe oil system.
By-pass plug has been installed for two-pipe oil system.
Fuel connection to nozzle line assembly is secure.
Dimension Z has been set per this instruction manual.
Fuel supply line is correctly installed, the oil tank is 
suffi ciently fi lled, and shut-off valves are open.
Burner is securely mounted in appliance, with pressure 
fi ring plate and gasket installed for pressurized chamber 
application.
Appliance has been fi lled with water (boilers) and 
controls have been operationally checked.
Burner has been installed in accordance with appliance 
manufacturer’s instructions (when available).
Also refer to appliance manufacturer’s instructions (when 
available) for start-up procedures.

Z dimension

Should be set per these instructions (see page 10). The top 
acorn nut (Figure 12, item d) should never be loosened once 
the Z dimension is initially set.

Adjusting plate assembly (Figure 12)
 

Make sure spline nut (item b) and bottom acorn nut (item c) 
are loose before proceeding to next section.

Initial head position (Figure 12)
 

The indicator plate assembly (item e) markings correspond 
to head position settings.

Slide the secondary adjusting plate (item f) toward the 
rear of the burner until the number on the indicator 
plate corresponds to the initial head setting given in 
Tables 4a and 4b for the desired fi ring rate and burner 
(high-fi re).
Figure 12 shows a typical example, with a head setting 
of 6.
When the head position has been set, tighten the 
bottom acorn nut (item c) and the spline nut (item b).
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Table 4a. CF1400 Initial indicator adjustment 
plate settings

Figure 12 – Adjusting plate initial setting, typical

Table 4b. CF2300 Initial indicator adjustment 
plate settings

CF
14

00

Tube

Head Position Damper Position

Approximate
Head Setting

Firing Rate
(gph)

Approximate 
Air Damper 

Setting

Firing Rate 
(gph)

A

0 4.00 0 --
1 4.50 10 --
2 5.00 20 4.00
3 6.00 30 5.00
4 7.00 40 7.00
5 7.50 50 8.00
6 8.00 60 10.00
7 9.00 70 11.00
8 9.50 80 --
9 10.00 90 --

10 11.00 100 --
-- -- 110 --
-- -- 120 --

B

0 7.00 0 --
1 7.50 10 --
2 8.00 20 --
3 9.00 30 --
4 10.00 40 7.00
5 10.50 50 8.00
6 11.00 60 10.00
7 12.00 70 11.00
8 13.00 80 12.00
9 13.25 90 12.50

10 13.60 100 13.00
-- -- 110 13.25
-- -- 120 13.60

CF
23

00

Tube

Head Position Damper Position

Approximate 
Head Setting

Firing Rate 
(gph)

Approximate 
Air Damper 

Setting
Firing Rate 

(gph)

A

0 11.0 0 --
1 12.0 10 7.0
2 13.0 20 10.0
3 14.0 30 13.0
4 15.0 40 14.0
5 16.0 50 15.0
6 17.0 60 16.0
7 18.0 70 17.0
8 19.0 80 18.0
9 20.0 90 19.0
-- -- 100 20.0

B

0 12.5 0 --
1 13.0 10 10.0
2 14.0 20 13.0
3 15.0 30 14.0
4 16.0 40 15.0
5 17.0 50 16.0
6 18.0 60 17.0
7 18.5 70 18.0
8 19.0 80 18.5
9 20.0 90 19.0
-- -- 100 20.0

Legend
b Spline nut for securing nozzle line
c Bottom acorn nut (for head adjustments)
d Top acorn nut (for setting dim. Z only - do not 

loosen after setting Z)
e Indicator adjusting plate
f Secondary adjusting plate
g Primary adjusting plate
h Copper oil line from oil valve to nozzle line



6104 BCF23 R07 17

Initial air settings

 The following steps outline the procedure for initially 
setting the damper. Refer to Figure 13 and Tables 4a or 
4b for this procedure.

1. Remove the cover screw (A) then the cover (B) and 
place to one side.

2. Using the wrench (C) supplied with the damper 
motor, adjust the blue low fi re cam (D) to the initial 
setting listed in Tables 4a or 4b.

3. Using the same wrench, adjust the red high fi re cam 
(H) to the initial settings listed in Tables 4a or 4b.

4. Ensure the damper plate is in the correct position. 
The cam notch (E) should align with the low fi re 
setting on the damper motor scale (F). 

5. If the damper plate is not in the correct position, 
disengage the motor by pushing in on the motor pin 
(G), then rotating the damper plate until the cam 
notch and motor scale setting are aligned. Re-engage 
the pin.

6. To adjust the high fi re transition, use a small straight 
edge screw driver, turn the white adjustment screw, 
located in the orange transition cam, either clockwise 
or counterclockwise until the cam indicator is half 
way between the high and low settings on the scale.

Rotate the air adjusting plate until the lower edge 
of the pointer is opposite the number from Tables 
4a or 4b corresponding to the desired low fi re 
rate.
This initial setting should be adequate for starting 
the burner at low fi re. Once the burner is in 
operation, the air setting will be adjusted for best 
performance as discussed later in this manual.
Follow the procedures described later in this 
manual to fi ne tune the air settings.

The damper plate is attached by screws to its shaft, and bears 
against a fl at on the shaft for alignment.  The shaft is secured 
to the damper motor by a sleeve coupling with two setscrews 
bearing against the damper shaft and two more against the 
motor shaft.  The motor shaft has a fl at matching the one on 
the damper shaft.  The fl ats on the damper shaft and the motor 
shaft should be aligned so that the position indicator in the 
damper motor reads accurately.  The best way to align the 
fl ats is to tighten the setscrews that bear against the fl ats on 
the shafts fi rst, and then tighten the ones that bear against the 
round surface of the shafts afterward.
The test for proper alignment is to disengage the damper motor 
from its shaft using the disengaging pin (Item G in Figure 
13B) and rotate the damper plate to its full closed position.  The 
position indicator should point to 0° within + 5° tolerance.

NOTICE

Figure 13 - Damper Motor

Legend (fi gure 13)
A Cover screw F Damper motor scale
B Cover G Disengaging pin
C Wrench H High fi re cam (red)
D Low fi re cam (blue) J Transition cam (orange)
E Cam notch

Set appliance limit controls

Set the appliance limit controls in accordance with 
the appliance manufacturer’s recommendations.
Move the low-fi re hold switch (not shown) to the 
low fi re hold position. This will hold the burner in 
low fi re during initial start-up.

Prepare the fuel unit for air venting

To vent air from one-pipe oil systems, attach a clear 
hose to the vent plug on the fuel unit. Provide a 
container to catch the oil. Loosen the vent plug. 
Vent the air as described under ‘Start the Burner’. 
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Start the burner

Do not attempt to start the burner when excess oil 
has accumulated in the appliance, the appliance is 
full of vapor, or when the combustion chamber is 
very hot.  
Do not attempt to re-establish fl ame with the burner 
running if the fl ame becomes extinguished during 
start-up, venting, or adjustment.
Vapor-Filled Appliance: Allow the unit to cool off 
and all vapors to dissipate before attempting another 
start. 
Oil-Flooded Appliance: Shut off the electrical 
power and the oil supply to the burner and then clear 
all accumulated oil before continuing.
If the condition still appears unsafe, contact the Fire 
Department. Carefully follow their directions. 
Keep a fi re extinguisher nearby and ready for use. 

Failure to follow these instructions 
could lead to equipment malfunction 
and result in heavy smoke emission, 
soot-up, hot gas puff-back, fi re and 
asphyxiation hazards.

Explosion and Fire 
Hazard 

Start burner and vent air from oil line

Disable function    
   

Any time the motor is running, press and hold  the 
reset button to disable the burner. The burner will re-
main off as long as the button is held and will return 
to standby when released.

  
CAD cell resistance check   

    
While the burner is fi ring, and after the ignition has 
been turned off, press and release the reset button 
(hold 1/2 second or less) to check the cad cell resis-
tance. The LED will fl ash 1 to 4 times, depending on 
the cad cell resistance (refer to the table below). 

Number of LED 
fl ashes

Cad Cell Resistance (ohms)

1 Normal (0 to 400) 
2 Normal (400 to 800)
3 Normal (800 to 1600)
4 Limited (1600-Lockout)*

* Lockout can occur above 4000 ohms.

LED Indicator Status
On Flame sensed 
Off Flame not sensed

Flashing (1/2 sec off - 1/2 
sec on)

Lockout/Restricted 
Lockout

Flashing (2 sec off - 2 sec 
on)

Recycle

Please read and understand the manual supplied with this 
equipment. This equipment must be installed, adjusted and put 
into operation only by a qualifi ed individual or service agency 
that is:

Licensed or certifi ed to install and provide technical 
service to oil heating systems.
Experienced with all applicable codes, standards and 
ordinances.
Responsible for the correct installation and commission 
of this equipment.
Skilled in the adjustment of oil burners using combustion 
test instruments.

The installation must strictly comply with all applicable 
codes, authorities having jurisdiction and the latest revision 
of the National Fire Protection Association Standard for the 
installation of Oil-burning Equipment, NFPA 31 (or CSA 
B139 and B140 in Canada).

Regulation by these authorities take precedence over the 
general instructions provided in this installation manual.

Do not proceed unless all prior steps in this manual have been 
completed.

Incorrect installation, adjustment, 
and use of this burner could result 
in severe personal injury, death, or 
substantial property damage from 
fi re, carbon monoxide poisoning, 
soot or explosion.

Professional Service     
Required

Do not allow oil to intermittently spray into a hot 
combustion chamber while bleeding.
Install a gauge in the nozzle discharge port tubing or 
fully open the pump bleed valve to prevent oil spray 
from accumulating in the combustion chamber when 
venting air from the fuel pump. 
Ensure that all bubbles and froth are purged from 
the oil supply system before tightening the pump air 
bleed valve.

Failure to bleed the pump 
properly could result in unstable 
combustion, hot gas puff-back and 
heavy smoke.

Hot Gas Puff-back and 
Heavy Smoke Hazard 
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Once the appliance has warmed, the high-fi re setting 
can be checked and adjusted.
Locate the approximate air adjusting plate setting for 
high fi re in Table 4a or 4b.
Place the low-fi re hold switch in the high-fi re 
position. The damper motor will begin to rotate after 
four seconds.

6. Use combustion test instruments to adjust the burner.
a. Adjust the air by moving the red cam to a lower 

number until a trace of smoke is achieved with 
CO2 level as high as possible (lowest possible O2).
Example: 13.5% CO2 (2.5% O2) with a trace of 
smoke.

b. Increase the air by increasing the red cam number  to 
reduce CO2 by 2 percentage points at a zero smoke 
level. (Increase O2 by 3 percentage points at a zero 
smoke level.)

 Example: Reduce CO2 from 13.5% to 11.5%, with 
zero smoke (or increase O2 from 2.5% to 5.5%).

c. A margin of reserve air has been added to 
accommodate variable conditions.

Check the breech draft pressure against the appliance 
manufacturer’s recommended setting (typically + 
0.1” W.C.).
If the breech pressure is higher or lower than 
recommended level, adjust the appliance breech 
damper to achieve the specifi ed setting. Recheck the 
smoke and CO2 levels. Adjust burner air if necessary.
Once all settings are complete and satisfactory, 
proceed to ‘Set low-fi re air’.

Set low-fi re air

Move the low-fi re hold switch from the “High Fire 
position” to the “Low Fire Hold” position.
a. The damper will return to the low-fi re air setting.

Check the smoke and CO2 (O2) levels.
a. Pull a smoke sample from the fl ue.
b. The sample should be clean (zero smoke level).
c. Check the CO2 (O2) level:
 CO2 should be at 11 to 12% (O2 at 5.9 to 4.5%).
 If the CO2 is less than 11% (O2 more than 5.9%), 

decrease the air and check the smoke level.

Operate the burner from low fi re to high fi re and back 
to verify operation.
Turn the burner off. Wait one or two minutes (for 
chamber to clear) and then turn on again to verify 
starting characteristics.
Perform limit circuit performance test specifi ed by 
appliance manufacturer to verify operation of burner/
appliance combination.

3.

4.

5.

7.

8.

9.

1.

2.

3.

4.

5.

Operating the burner    
  

Move the low-fi re hold switch to the low fi re hold 
position (to hold burner in low fi re when started).
Verify that the air adjusting cam (Figure 13b, item 
d) has been set to the initial low-fi re air setting as 
described under Initial air settings.
Open the oil shutoff valves in the oil supply (and 
return) line(s) to the burner.
Set the thermostat (or operating control) to call for 
heat.
Close the line switch to the burner. The burner motor 
should start immediately.
If the burner motor does not start, reset the motor 
overload switch (if so equipped) and press the reset 
switch of the burner primary control.
Vent the fuel unit as soon as the burner motor starts 
rotating. To vent —

Attach a clear plastic tube to the air bleed valve 
(Figure 9 or 10 as applies, item p).
Place the end of the tube in a container to catch the 
oil. Then loosen the fuel unit air vent valve.
Tighten the air vent valve after all air has been 
purged.
IF burner stops during venting —

The burner primary control will lockout if 
fl ame is not established within its time limit.
This is typically 15 seconds for R7184B 
primary controls, but may be less for other fl ame 
supervisory controls.
The burner may lockout several times during the 
period needed to purge all the air. To extend air 
venting time, press the red reset button for 1/2 
second during the prepurge cycle to continue 
purging.

 IF burner stops after fl ame established —
Additional venting is probably required. Repeat 
the air venting procedure.

Once fl ame is steady, proceed to Set high-fi re air.

Set high-fi re air

Allow the burner to run at low fi re until the appli-
ance has warmed suffi ciently.
Visually check the fl ame. The fl ame should not be 
dark orange or smoky. If the fl ame appears to be 
smoking, increase the amount of air by readjusting 
the damper indicator to a higher number.

1.

2.

3.

4.

5.

6.

7.

-

-

-

8.

1.

2.
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Annual Service
Replace the oil supply line fi lter. The line fi lter 
cartridge must be replaced to avoid contamination of 
the fuel unit and nozzle.
Inspect the oil supply system. All fi ttings should be 
leak-tight. The supply lines should be free of water, 
sludge and other restrictions.
Remove and clean the pump strainer if applicable.
Replace the nozzle with the exact brand, pattern, gph, 
fl ow rate and spray angle.
Clean and inspect the electrodes for damage, replacing 
any that are cracked or chipped.
Check electrode tip settings. Replace electrodes if tips 
are rounded.
Inspect the igniter spring contacts.
Clean the cad cell lens surface, if necessary.
Inspect all gaskets. Replace any that are damaged or 
would fail to seal adequately.
Inspect the combustion head and air tube. Remove 
any carbon or foreign matter. Replace all damaged 
units with exact parts.
Clean the blower wheel, air inlet, air guide, burner 
housing and static plate of any lint or foreign 
material.
If motor is not permanently lubricated, oil motor with 
a few drops of SAE 20 nondetergent oil at each oil 
hole. DO NOT over oil motor. Excessive oiling can 
cause motor failure.

Maintenance and Service

Do not tamper with the burner or controls or make 
any adjustments unless you are a trained and qualifi ed 
service technician.
To ensure continued reliable operation, a qualifi ed 
service technician must service this burner annually.
More frequent service intervals may be required in 
dusty or adverse environments.
Operation and adjustment of the burner requires 
technical training and skillful use of combustion test 
instruments and other test equipment.

Tampering with or making incorrect 
adjustments could lead to equip-
ment malfunction and result in 
asphyxiation, explosion or fi re.

Annual Professional 
Service Required

Check motor current. The amp draw should not 
exceed the nameplate rating.
Check all wiring for secure connections or insulation 
breaks.
Check the pump pressure and cutoff function.
Check primary control safety lockout timing.
Check ignition system for proper operation.
Inspect the vent system and chimney for soot 
accumulation or other restriction.
Clean the appliance thoroughly according to the 
manufacturer’s recommendations.
Check the burner performance. Refer to the section 
“Set combustion with test instruments”.
It is good practice to make a record of the service 
performed and the combustion test results.

Monthly maintenance — by owner
Observe combustion air openings and vent system 
for integrity. Openings must be clean and free of 
obstructions.
Check oil lines and fi ttings to verify there are no 
leaks.
Observe burner ignition and performance to verify 
smooth operation.
Shut the system down if you observe abnormal or 
questionable operation. Call a qualifi ed service agency 
for professional inspection and service.
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See next page for Beckett replacement parts 
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Replacement Parts 
For best performance specify genuine Beckett replacement parts

Item Part Name Description Part No.

1 Timer Nozzle valve delay 21295U

2 Oil Valve Box mounted 21789U

3 Knurled Nut All models 3666

4 Adjusting plate assembly w/ cast aluminum door
w/ stamped sheet-metal door

5994U
5201701U

5 Fuel pump B2TA-8245
H3PAN-C150H

21313U
21309U

6 Damper motor 2-stage 750601U

7 Pedestal kit All models 51193

8 Fuel lines Specify length -

9 Sight glass All models 31346

10 Rear cover door assembly

w/ cast aluminum door*              CF1400
                                                CF2300
w/ stamped sheet-metal door*   CF1400
                                               CF2300

5994U
51204U
5201301U
5201302U

11 Control Specify -

12 Coupling hole plug
Coupling access door

use with threaded hole
use with rectangular opening

32439U
16703GY

13 Head assembly CF1400
CF2300

5978
51203

14 Electrode assembly All models 51212

15 Ignition leads

8-1/4” long
11-3/4” long
15-1/4” long
19-1/4” long

5990082
5990116
5990152
5990192

16 Nozzle line assembly Refer to Figure 5, Page 9

17 Air tube Refer to Figure 4, Page 8

18 Transformer 12,000 volt 51214

19 Coupling B pump
H pump

21290
21308

20 Blower wheel CF1400 - 5.59” x 3.09”
CF2300 - 6.75” x 3.13”

21268U
21267U

21 Motor

120/208-230 single phase                   CF1400
                                                            CF2300
208-230/460 three phase                    CF1400
                                                            CF2300

21401U
21402U
21638U
21499U

Motor relay (not shown)
120V single phase
208V single phase
three phase

7273
7300
2194301

Adjustable fl ange see Figure 15 on opposite page
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Figure 15 – Adjustable mounting        
      plates

Model Flange A Flange B Flange C

CF1400 51312
(10.00” DIA.) n/a 51629

(12.25” DIA.)

CF2300 51313
(12.44” DIA.)

51498
(13.92” DIA.)

51630
(16.00” DIA.)

Flange  A

Flange  B

Flange  C

Figure 14 – Burner Replacement Parts
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Limited

WARRANTY
For Residential, Commercial and Specialty Burners 

The R. W. BECKETT CORPORATION (“Beckett”) warrants to persons who purchase its Beckett burners from Beckett for resale or for 
incorporation into a product for resale (“Customers”) that its equipment is free from defects in material and workmanship under normal use and 
service for 60 months from the date of manufacture for Residential Burners and 18 months from the date of manufacture for Commercial and 
Specialty Burners.  Residential burner models include:  AF, AFG, AFII, NX, SF, SR and SMG.  Commercial burner models include:  CF375, 
CF500, CF800, CF1400, CF2300A, CF2500, CF3500A, CG10, CG15, CG25 and CG50.  Specialty burner models include: ADC, ADCP, ARV, 
SDC and SM.  The provisions of this warranty are extended to individual major burner components as follows: 

a) 60 months from date of manufacture for all Beckett-branded major components, except for 12 Vdc components. 
b) 18 months from date of manufacture for all non-Beckett-branded major components and Beckett branded 12 Vdc components.

Note: Normal service items found to be defective upon receipt by the customer are covered by this warranty.   

THIS WARRANTY DOES NOT EXTEND TO EQUIPMENT SUBJECTED TO MISUSE, NEGLECT, OR ACCIDENT: NOR DOES THIS WARRANTY APPLY 
UNLESS THE PRODUCT COVERED BY IT IS PROPERLY INSTALLED BY A QUALIFIED, COMPETENT TECHNICIAN, WHO IS LICENSED WHERE 
STATE AND LOCAL CODES REQUIRE, AND WHO IS EXPERIENCED IN MAKING SUCH INSTALLATIONS, IN ACCORDANCE WITH THE LATEST 
EDITION OF NFPA NO. 31 OF THE NATIONAL FIRE PROTECTION ASSOCIATION, THE LATEST EDITION OF THE NATIONAL FUEL GAS CODE (NFPA 
NO. 54) AND IN ACCORDANCE WITH ALL APPLICABLE LOCAL, STATE AND NATIONAL CODES HAVING JURISDICTIONAL AUTHORITY.   

Equipment, which is defective in material or workmanship and within the warranty period, may be returned for credit as follows: 
Beckett Burners, Beckett-branded major components and non-Beckett-branded major components that came as original equipment on a Beckett burner 
or were sold as a replacement part by Beckett should be returned, freight prepaid, to Beckett’s home office.  Credit will be issued to the customer unless 
the returned equipment is determined by Beckett to be out of warranty or damaged by user, in which case the equipment will be scrapped.   
Note: Beckett is not responsible for any labor cost for removal and replacement of equipment.

THIS WARRANTY IS LIMITED TO THE PRECISE TERMS SET FORTH ABOVE, AND PROVIDES EXCLUSIVE REMEDIES EXPRESSLY IN LIEU OF ALL OTHER 
REMEDIES, AND IN PARTICULAR THERE SHALL BE EXCLUDED THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR 
PURPOSE.  IN NO EVENT WILL BECKETT BE LIABLE FOR ANY INCIDENTAL OR CONSEQUENTIAL DAMAGE OF ANY NATURE.  Beckett neither assumes nor 
authorizes any person to assume for Beckett any other liability or obligation in connection with the sale of this equipment, Beckett’s liability and Customer’s 
exclusive remedy being limited to credit as set forth above.  

R.W. BECKETT CORPORATION
P.O. Box 1289  Elyria, Ohio 44036 Form No. 61545 R72905

The Oilheat Manufacturers’ Association supports the use of low sulfur fuels as defi ned by ASTM D396, Grades No. 1 Low Sulfur
and No. 2 Low Sulfur, as the preferred heating fuel for the following reasons:
• Low sulfur fuels reduce deposits on heat exchanger surfaces, extending the service interval between cleanings.
• The reduced deposits increase the effi ciency of the appliance.
• Low sulfur fuels reduce particulate emissions.
• Low sulfur fuels reduce oxides of nitrogen emissions.

R.W. BECKETT CORPORATION
U.S.A.: P.O. Box 1289 · Elyria, Ohio 44036

www.beckettcorp.com
Canada: R.W. Beckett Canada, Ltd. · Unit #3, 430 Laird Road · Guelph, Ontario N1G 3X7

Printed in U.S.A.            © R.W. Beckett Corporation

Limited Warranty Information
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�

Digital Temperature Controller E5CN

Compact and Intelligent Temperature
Controller

� Auto-tuning and self-tuning available.
Can auto-tune even during execution of
self-tuning

� Heating or heating/cooling control is
available

� Event input allows multiple SP selection
and run/stop function

� Water-resistant construction: NEMA4
(equivalent to IP66)

� Various temperature inputs:
thermocouple, platinum resistance
thermometer, non-contact temperature
sensor, and analog inputs

� Conforms to UL, CSA, IEC, and CE
�

Ordering Information
� E5CN STANDARD MODELS

Description Part number

Size Power supply
voltage

No. of
alarm
points

Output Thermocouple model Platinum resistance
thermometer model

1/16 DIN
48(W) 48(H)

100 to 240 VAC --- Relay E5CN-RMTC-500 AC100-240 E5CN-RMP-500 AC100-240
48(W) x 48(H) x
78(D) mm

Voltage output
(for driving SSR)

E5CN-QMTC-500 AC100-240 E5CN-QMP-500 AC100-240

2 Relay E5CN-R2MTC-500 AC100-240 E5CN-R2MP-500 AC100-240

Voltage output
(for driving SSR)

E5CN-Q2MTC-500 AC100-240 E5CN-Q2MP-500 AC100-240

24 VAC/VDC --- Relay E5CN-RMTC-500 AC/DC24 E5CN-RMP-500 AC/DC24

Voltage output
(for driving SSR)

E5CN-QMTC-500 AC/DC24 E5CN-QMP-500 AC/DC24

2 Relay E5CN-R2MTC-500 AC/DC24 E5CN-R2MP-500 AC/DC24

Voltage output
(for driving SSR)

E5CN-Q2MTC-500 AC/DC24 E5CN-Q2MP-500 AC/DC24

Note: 1. The suffix “500” is added to the part number of each Controller provided with a E53-COV10 Terminal Cover.
2. The heating and cooling function is available for models with two alarm points.
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� E5CN OPTION BOARDS

The E5CN provides communications or event input functionality when mounted with one of the following Option Boards.

Item Function Part number

Communications Board RS-485 communication E53-CNH03

Event Input Board Event input E53-CNHB

Note: The heater burnout alarm is available by mounting the E53-CNH03 or E53-CNHB Option Unit on the E5CN.

� ACCESSORIES

Terminal Cover (Sold Separately)

Applicable Controller Part number

E5CN E53-COV10

Current Transformer (Sold Separately)

Item Hole diameter Part number

Current Transformer 5.8 dia. E54-CT1

12.0 dia. E54-CT3
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� INPUT RANGES

Platinum Resistance Thermometer Input
Te

m
pe

ra
tu

re
ra

ng
e

1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100
0
--100
--200

Pt100 JPt100

Input type

Platinum resistance thermometer input

Platinum resistance thermometer

Name

850

Set value 1 2 3 4

--200

500.0

--199.9

100.0

0.0

500.0

--199.9

100.0

0.0

0

Shaded ranges indicate default settings.

Thermocouple

Thermocouple input

ES1A Non-contact
Temperature Sensor Analog input

Usable in the following
ranges by scaling:
--19999 to 9999 or
--199.9 to 999.9

0 to 50 mV

Te
m

pe
ra

tu
re

ra
ng

e

1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100
0
--100
--200

Input type

Name K J T E L U N R S B
K10 to
70°C

K60 to
120°C

K115 to
165°C

K160 to
260°C

Set value 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

--200

500.0

--20.0

1300

850

--100

400.0

--20.0

400

--200

600

0

850

--100

400

--200

1300

--200

1700

0

1700

0

1800

100

70

0

120

0

165

0

260

0

0

Thermocouple Input

Shaded ranges indicate default settings.

Applicable standards by input type are as follows:

K, J, T, E, N, R, S, B: JIS C1602-1995
L: Fe-CuNi, DIN 43710-1985
U: Cu-CuNi, DIN 43710-1985
JPt100: JIS C1604-1989, JIS C1606-1989
Pt100: JIS C1604-1997, IEC751

Note: The ES1A Non-contact Temperature Sensor will be available soon.
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Specifications
� RATINGS

Supply voltage 100 to 240 VAC, 50/60 Hz 24 VAC, 50/60 Hz/24 VDC

Operating voltage range 85% to 110% of rated supply voltage

Power consumption E5CN 7 VA 4 VA/3 W

Sensor input Thermocouple: K, J, T, E, L, U, N, R, S, B
Platinum resistance thermometer: Pt100, JPt100
Non-contact temperature sensor: K10 to 70�C, K60 to 120�C, K115 to 165�C, K160 to 260�C
Voltage input: 0 to 50 mV

Control output Relay output SPST-NO, 250 VAC, 3A (resistive load), electrical life: 100,000 operations

Voltage output 12 VDC (PNP), max. load current: 21 mA, with short-circuit protection

Alarm output SPST-NO, 250 VAC, 1 A (resistive load), electrical life: 100,000 operations

Control method PID or ON/OFF control

Setting method Digital setting using front panel keys

Indication method 7-segment digital display and single-lighting indicator

Other functions According to Controller model

Ambient temperature -10�C to 55�C (14�F to 131�F) with no condensation or icing

Ambient humidity 25% to 85% relative humidity

Storage temperature -25�C to 65�C (-13�F to 149�F) with no condensation or icing
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� CHARACTERISTICS

Indication accuracy Thermocouple:
(�0.5% of indicated value or �1�C, whichever greater) �1 digit max. (See Note.)
Platinum resistance thermometer:
(�0.5% of indicated value or �1�C, whichever greater) �1 digit max.
Analog input: �0.5% FS�1 digit max.
CT input: �5% FS�1 digit max.

Hysteresis 0.1 to 999.9 EU (in units of 0.1 EU)

Proportional band (P) 0.1 to 999.9 EU (in units of 0.1 EU)

Integral time (I) 0 to 3999 s (in units of 1 s)

Derivative time (D) 0 to 3999 s (in units of 1 s)

Control period 1 to 99 s (in units of 1 s)

Manual reset value 0.0% to 100.0% (in units of 0.1%)

Alarm setting range -1999 to 9999 (decimal point position depends on input type)

Sampling period 500 ms

Insulation resistance 20 MΩ min. (at 500 VDC)

Dielectric strength 2000 VAC, 50 or 60 Hz for 1min (between different charging terminals)

Vibration resistance 10 to 55 Hz, 10 m/s2 for 2 hours each in X, Y and Z directions

Shock resistance 300 m/s2, 3 times each in 3 axes, 6 directions (relay: 100 m/s2)

Weight Approx. 150 g Mounting bracket: Approx. 10g

Protective structure Front panel NEMA4 for indoor use (equivalent to IP66)

Rear case IP20

Terminals IP00

Memory protection EEPROM (non-volatile memory) (number of writes: 100,000)

EMC Emission Enclosure: EN55011 Group 1 class A
Emission AC Mains: EN55011 Group 1 class A
Immunity ESD: EN61000-4-2: 4 kV contact discharge (level 2)

8 kV air discharge (level 3)
Immunity RF-interference: ENV50140: 10 V/m (amplitude modulated,

80 MHz to 1 GHz) (level 3)
10 V/m (pulse modulated, 900 MHz)

Immunity Conducted Disturbance: ENV50141: 10 V (0.15 to 80 MHz) (level 3)
Immunity Burst: EN61000-4-4: 2 kV power-line (level 3)

2 kV I/O signal-line (level 4)

Approval standards UL3121-1, CSA22.2 No. 14, E.B.1402C
Conforms to EN50081-2, EN50082-2, EN61010-1 (IEC1010-1)
Conforms to VDE0106/part 100 (Finger Protection), when the terminal cover is mounted.

Note: The indication of K thermocouples in the -200 to 1300°C range, and T and N thermocouples at a temperature of -100°C or less,
and U and L thermocouples at any temperature is ±2°C±1 digit maximum. The indication of B thermocouples at a temperature of
400°C or less is unrestricted.
The indication of R and S thermocouples at a temperature of 200°C or less is ±3°C±1 digit maximum.
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� COMMUNICATIONS SPECIFICATIONS

Transmission path connection Multiple points

Communications method RS-485 (two-wire, half duplex)

Synchronization method Start-stop synchronization

Baud rate 1,200/2,400/4,800/9,600/19,200 bps

Transmission code ASCII

Data bit length 7 or 8 bits

Stop bit length 1 or 2 bits

Error detection Vertical parity (none, even, odd)
Frame check sequence (FCS): with SYSMAC WAY
Block check character (BCC): with CompoWay/F

Flow control Not available

Interface RS-485

Retry function Not available

Communications buffer 40 bytes

Note: The baud rate, data bit length, stop bit length, or vertical parity can be individually set using the communications setting level.

� CURRENT TRANSFORMER (SOLD SEPARATELY) RATINGS

Dielectric strength 1,000 VAC (1 min)

Vibration resistance 50 Hz 98 m/s2

Weight E54-CT1 Approx. 11.5 gg

E54-CT3 Approx. 50 g

Accessories (E54-CT3 only) Armature 2( y)

Plug 2

� HEATER BURNOUT ALARM SPECIFICATIONS

Max. heater current Single-phase AC: 50 A (See Note 1.)

Input current readout accuracy ±5%FS±1 digit max.

Heater burnout alarm setting range 0.0 to 50.0 A (0.1 A units) (See Note 2.)

Min. detection ON time 190 ms (See Note 3.)

Note: 1. When heater burnout is detected on a 3-phase heater, use the K2CU-F��A-�GS (with gate input terminal).
2. When the set value is “00 A,” the heater burnout alarm will always be OFF. When the set value is “50.0 A,” the heater burnout

alarm will always be ON.
3. When the control output ON time is less than 190 ms, heater burnout detection and heater current measurement will not be

carried out.
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Nomenclature
� E5CN

Temperature Unit

The temperature unit is displayed
when the display unit parameter
is set to a temperature. Indication
is determined by the currently
selected “temperature unit”
parameter set value. When this
parameter is set to “°C,” “�” is
displayed, and when set to “°F,”
“�” is displayed.

Operation Indicators
1. AL1 (alarm 1)

Lights when alarm 1 out-
put is ON.
AL2 (alarm 2)
Lights when alarm 2 out-
put is ON.

2. HB (heater burnout alarm
display)
Lights when a heater
burnout is detected.
The heater burnout alarm
remains ON by setting the
heater burnout latch. To
reset, turn the power sup-
ply OFF and then ON or
set the heater burnout
alarm value to “0.0A.”

3. OT1, OT2 (control output
1, control output 2)
Lights when control output
1 and/or control output 2
(cool) are ON.

4. STP (stop)
Lights when control of the
E5CN has been stopped.
During control, this indica-
tor lights when an event or
the run/stop function has
stopped, or this indicator
is out.

5. CMW (communications
writing control)
Lights when communica-
tions writing is enabled
and is out when it is
disabled.

No. 1 Display

Displays the process value or
parameter type.

No. 2 Display

Displays the set point, manipu-
lated variable, or set value (setup)
of the parameter.

Up Key

Each press of this key increases
values displayed on the No.2
display. Holding down this key
continuously increases values.

Down Key

Each press of this key decreases
values displayed on the No.2
display. Holding down this key
continuously decreases values.

Mode Key

Press this key to select parameters
within each level.

Level Key

Press this key to select the setup level. The
setup level is selected in this order: “operation
level” ←→ “adjustment level,” “initial setting
level” ←→ “communications setting level.”

Level + Mode Keys

This key combination sets the
E5CN to the “protect level.”
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Operation
� INITIAL SETUP
On previous Controllers, sensor input type, alarm type and
control period were set on DIP switches. These hardware
settings are now set in parameters in setup menus. The and

keys are used to switch between setup menus, and the
amount of time that you hold the keys down determines which
setup menu you move to. This section describes two typical
examples.

Note: On the E5GN, the Key is the Key.

1. ON/OFF Control
Typical Application Examples

• Changing Parameters

indicates that there is a parameter.
Keep on pressing the mode key until
the desired parameter is selected.

• Changing Set Values

Use the or keys to
change the set value displayed
in the setup menu.

Display
E5CN E5GN

No. 1 display

No. 2 display

No. 1 display

No. 2 display

Typical Example

Input type: 0 K thermocouple -200 to 1300°C
Control method: ON/OFF control

Alarm type: 2 upper limit

Alarm value 1: 20°C (For setting deviation)

Set point: 100°C

Change only the alarm value 1 and set point.
The rest must be left as default settings.

Setup procedure

Power ON

Set input
specifications

Set control
specifications

Set alarm type

Set alarm values

Start operation

Power ON

Process value/
set point

Input type�

In ON/OFF
control ����

Alarm 1
type �

Check input
type.

Check that con-
trol is ON/OFF
control.

Check alarm
type.

Press key for at least
three seconds.
Control stops.

Process value/
set point ���

Make sure that
control is running.

Press key for at
least one second.

During run
���

During stop

Alarm
value 1

Press keys
to set set point to
“100�C.”

Press keys
to set alarm value
to “20�C.”

Start operation

Set the set point

Check operation
state

Operation level

Initial setting level

Operation level
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2. PID Control Using Auto-tuning

Typical Application Example

• Changing Parameters

indicates that there is a parameter. Keep
on pressing the mode key until the de-
sired parameter is selected.

• Changing Set Values

Use the or keys to
change the set value displayed
in the setup menu.

Display
E5CN E5GN

No. 1 display

No. 2 display

No. 1 display

No. 2 display

Input type: 4 T thermocouple -200 to 400°C
Control method: PID control
ST (self-tuning): OFF
Calculate PID constants by AT (auto-tuning).
Alarm type: 2 upper limit
Alarm value 1: 30°C (For setting deviation)
Set point: 150°C

Setup procedure

Power ON

Set input
specifications

Set control
specifications

Self-tuning

Set alarm values

Start operation

Power ON

In PID control

To cancel ST

Check the
control period.

Check alarm
type.

Press key for at least one second.

Press keys
to set set point to
“150�C.”

Execute AT
(auto-tuning).

Press
keys to select
input type.

Press
keys to select
PID control.

Press
keys to set ST
to OFF.

Control period
(heat) (unit:
seconds)

Process value/
set point �	�

Press key for less than one second.

To execute AT

Press key for less than one second.

Make sure that
set point is
“150�C.”

Make sure that
control is running.

Press
keys to set
alarm value to
“30�C.”

Process value/
set point �	�

During run

Alarm
value 1

�

Start program execution

Check control period

Check alarm type

Set the set point

Set operation status

(upper-limit
alarm)

Typical Example

When set to ON,
self-tuning operates.
Recommended set-
tings: 20 seconds for
the relay output and
2 seconds for the
SSR output.

Set to �� for execut-
ing AT and to ���

for stopping AT.
AT execution

Process value/
set point

Input type �

Press key for at least three
seconds. Control stops.

Alarm 1 type �

After AT execution.

During AT execution.

While AT is being
executed, SP will flash.

PV/SP

After AT execution.

During AT execution.

Operation level

Initial setting level

Operation level

Adjustment level

Operation level
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Specification Setting After Turning ON Power
� OUTLINE OF OPERATION PROCEDURES
Key Operation

In the following descriptions, all the parameters are introduced in the display sequence. Some parameters may not be displayed
depending on the protect settings and operation conditions.

Note: 1. Of these levels, the initial setting level,
communications setting level, advanced function
setting level and calibration level can be used only
when control has stopped. Note that control is
stopped when these four levels are selected. When
switched back to the operation level from one of these
levels, control will start.

2. For the calibration mode, refer to the relevant
Operation Manual (H100 or H101).

3. On the E5GN, the Key is the Key.

Power ON

Operation level Adjustment level
+ key

1 second min.

key
1 second min.

key
3 second min.

Less than
1 second

key

Control stops

Protect level

Communications
setting levelInitial setting level

key
1 second min.

Less than
1 second

key

Advanced
function setting level

Calibration level

Password input
set value “1201”

Password input
set value “--169”

Control in progress

Control stopped

Level change

� DESCRIPTION OF EACH LEVEL
Operation Level
This level is displayed when you turn the power ON. You can
move to the protect level, initial setting level and adjustment level
from this level.

Normally, select this level during operation. During operation, the
process value, set point and manipulated variable can be
monitored, and the alarm value and upper- and lower-limit alarms
can be monitored and modified.

Adjustment Level
To select this level, press the key once for less than one
second.

This level is for entering set values and offset values for control.
This level contains parameters for setting the set values, AT
(auto-tuning), communications writing enable/disable, hysteresis,
multi-SP, input shift values, heater burnout alarm (HBA) and PID
constants. You can move to the top parameter of the operation
level or initial setting level from here.

Initial Setting Level
To select this level, press the key for at least three seconds in
the operation level. This level is for specifying the input type,
selecting the control method, control period, setting direct/reverse
action and alarm type. You can move to the advanced function
setting level or communications setting level from this initial
setting level. To return to the operation level, press the key for
at least one second. To move to the communications setting
level, press the key once for less than one second.

Protect Level

To select this level, simultaneously press the and keys
for at least one second. This level is to prevent unwanted or
accidental modification of parameters. Protected levels will not be
displayed, and so the parameters in that level cannot be
modified.
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Communications Setting Level
To select this level, press the key once for less than one
second in the initial setting level. When the communications
function is used, set the communications conditions in this level.
Communicating with a personal computer (host computer) allows
set points to be read and written, and manipulated variables to be
monitored.

Advanced Function Setting Level
To select this level, you must enter the password (“-169”) in the
initial setting level.

You can move only to the calibration level from this level.

This level is for setting the automatic return of display mode, MV
limiter, event input assignment, standby sequence, alarm
hysteresis, ST (self-tune) and to move to the user calibration
level.

Calibration Level
To select this level, you must enter the password (“1201”) in the
advanced function setting level. This level is for offsetting
deviation in the input circuit.

You cannot move to other levels by operating the keys on the
front panel from the calibration level. To cancel this level, turn the
power OFF then back ON again.
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� SPECIFICATION SETTING (AFTER
TURNING ON POWER)

Initial Setting Level
This level is used for setting basic specifications of the
Temperature Controller. Using this level, set the input type for
selecting the input to be connected such as the thermocouple or
platinum resistance thermometer and set the range of set point
and the alarm mode.

Power ON

Operation level Adjustment level
key

Less than 1 second

key
3 second min.

key
1 second min.

Communications
setting levelkey

Less than 1 second

Control stops.

Initial setting
level

key
1 second min.

Password input
set value “-169”

Password input
set value “1201”

Advanced function
setting level

Calibration level

Protect level

key
1 second min.

+

The move from the operation level to the initial setting level,
press key for three seconds or more.

The initial setting level is not displayed when
“initial/communications protection” is set to “2.” This initial setting
level can be used when “initial setting/communications
protection” is set to “0” or “1.”

The “scaling upper limit,” “scaling lower limit,” and “decimal point”
parameters are displayed when an analog voltage input is
selected as the input type.

Initial setting level

Input type

Scaling upper limit

Scaling lower limit

Decimal point

Set point upper limit

Set point lower limit

PID / ON/OFF

Standard/heating and
cooling

ST

Control period (heat)

Control period (cool)

Direct/reverse operation

Alarm 1 type

Alarm 2 type

Move to advanced
function setting level

Temperature unit

����: ON/OFF control
�
�: PID control

����: Standard
���: Heating/cooling

��: Enabled
���: Disabled

����: Reverse
operation
����: Direct
operation

To return to the operation level, press the key for longer than
one second

*Not displayed as default setting.

Note: 1. Displayed only with models provided with an alarm
function.

2. Displayed only with the E5CN provided with a two-
point alarm function.
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� INPUT TYPE

Using a Thermocouple Input Type

When using a thermocouple input type, follow the specifications listed in the following table.

Input type Specifications Set Value Input Temperature Range

Thermocouple K 0 --200 to 1300 (°C) /--300 to 2300 (°F)

1 --20.0 to 500.0 (°C) /0.0 to 900.0 (°F)

J 2 --100 to 850 (°C) /--100 to 1500 (°F)

3 --20.0 to 400.0 (°C) /0.0 to 750.0 (°F)

T 4 --200 to 400 (°C) /--300 to 700 (°F)

E 5 0 to 600 (°C) /0 to 1100 (°F)

L 6 --100 to 850 (°C) /--100 to 1500 (°F)

U 7 --200 to 400 (°C) /--300 to 700 (°F)

N 8 --200 to 1300 (°C) /--300 to 2300 (°F)

R 9 0 to 1700 (°C) /0 to 3000 (°F)

S 10 0 to 1700 (°C) /0 to 3000 (°F)

B 11 100 to 1800 (°C) /300 to 3200 (°F)

Non-contact temperature sensor ES1A K10 to 70�C 12 0 to 90 (°C) /0 to 190 (°F)

K60 to 120�C 13 0 to 120 (°C) /0 to 240 (°F)

K115 to 165�C 14 0 to 165 (°C) /0 to 320 (°F)

K160 to 260�C 15 0 to 260 (°C) /0 to 500 (°F)

Analog input 0 to 50mV 16 One of following ranges depending on the
results of scaling: 1999 to 9999, 199.9 to
999.9

Note: The initial settings are: 0: --200 to 1300�C/--300 to 2300�F.

Using a Platinum Resistance Thermometer Input Type

When using the platinum resistance thermometer input type, follow the specifications listed in the following table.

Input type Specifications Set Value Input Temperature Range

Platinum resistance thermometer Pt100 0 --200 to 850 (°C) /--300 to 1500 (°F)

1 --199.9 to 500.0 (°C)/--199.9 to 900.0 (°F)

2 0.0 to 100.0 (°C) /0.0 to 210.0 (°F)

JPt100 3 --199.9 to 500.0 (°C)/--199.9 to 900.0 (°F)

4 0.0 to 100.0 (°C) /0.0 to 210.0 (°F)

Note: 1. The initial settings are: 0: Pt100 --200 to 850�C/--300 to 1500�F.
2. The ES1A Non-contact Temperature Sensor will be available soon.
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� ALARM 1 AND ALARM 2

For the alarm 1 and alarm 2, select alarm types out of the 12 alarm types listed in the following table.

Set Value Alarm Type Alarm Output Operationy

When X is positive When X is negative

0 Alarm function OFF Output OFF

1*1 Upper- and lower-limit (deviation)
*2

2 Upper-limit (deviation)

3 Lower-limit (deviation)

4*1 Upper- and lower-limit range
(deviation) *3

5*1 Upper- and lower-limit with standby
sequence (deviation) *4

6 Upper-limit with standby sequence
(deviation)

7 Lower-limit with standby sequence
(deviation)

8 Absolute-value upper-limit

9 Absolute-value lower-limit

10 Absolute-value upper-limit with
standby sequence

11 Absolute-value lower-limit with
standby sequence

*1: With set values 1, 4 and 5, the upper and lower limit values
can be set independently for each alarm type and are expressed
as “L” and “H.”
Following operations are for cases when an alarm set point is “X”
or negative.

*2: Set value: 1, upper- and lower-limit alarm

Case 1 Case 2 Case 3 (Always ON)

*3: Set value: 4, upper- and lower-limit range

Case 1 Case 2 Case 3 (Always OFF)

*4: Set value: 5, upper- and lower-limit with standby sequence

Case 1 Case 2

Same as for the upper- and lower-limit
alarm. However, when the upper limit
and lower limit hysteresis overlaps:
Always OFF

Example

Example: When the alarm is set ON at 110�C/�F or higher.
• When an alarm type

other than the absolute-
value alarm is selected

(For alarm types 1 to 7)
The alarm value is set as a
deviation from the set point.

• When the absolute-
value alarm is selected

(For alarm types 8 to 11)
The alarm value is set as an
absolute value from the alarm
value of 0�C/F.

Alarm value

Set point
100°C/°F

Alarm value

0°C/°F
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� PARAMETERS
Parameters related to setting items for each level are marked in
boxes in the flowcharts and brief descriptions are given as
required. At the end of each setting item, press the mode key to
return to the beginning of each level.

Display

E5CN E5GN
No. 1 display

No. 2 display

No. 1 display

No. 2 display

Password input
set value “1201”

Advanced function
setting level

Calibration level

Password input
set value “-169”

Control stops.

Initial setting level

Less than 1 second
key

Communications
setting level

Power ON

Operation level

1 second min.
+ key

Protect level

Control in progress

Control stopped

Adjustment level

1 second
min.

key

1 second
min.

key

3 second min.key

Level change

Less than 1 second
key

Operation Level

PV

PV/SP

Add in the “additional
PV display” parameter.

Multi-SP

Set point during SP ramp

Heater current value monitor

Run/stop

Alarm value 1

Upper-limit
alarm value 1

Lower-limit
alarm value 1

Set either of
these parameters.

Alarm value 2

Upper-limit
alarm value 2

Lower-limit
alarm value 2

Set either of
these parameters.

MV monitor (heat)

MV monitor (cool)

Current value
monitor of HBA

Select SP.

���: RUN
����: STOP

Power ON
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Initial Setting Level

Input type

Scaling upper limit

Decimal point

Temperature unit

Set point upper limit

PID / ON/OFF

Standard/heating and cooling

ST

Control period (heat)

Alarm 1 type

Move to advanced function
setting level

Set the pulse
output cycle.

Direct/reverse operation

Alarm 2 type

Limit the set point.

Select the control system.

Self-tuning

Select the alarm
mode.

Control period (cool)

For analog input
(Input type: 16)
0- to 50-mV setting

Number of displayed digits

�: °C
�: °F

����: ON/OFF control
�
�: PID control

����: Standard
���: Heating/cooling

��: Enabled
���: Disabled

����: Reverse
����: Direct

Set point lower limit

Scaling lower limit

Adjustment Level

Hysteresis (heat)

AT execute/cancel

Communications writing

Heater current
value monitor

HBA
function

Set point 0

Set point 1

Set points used
by multi-SP

Temperature input shift 1-point shift

2-point shift

Proportional band

PID settings

Cooling coefficient

Dead band

Used in heating and
cooling control

Manual reset value

Auto-tuning

Heater burnout
detection

Set point 2

Set point 3

Lower-limit temperature
input shift value

Upper-limit temperature
input shift value

Derivative time

Integral time

Clear the offset during
stabilization of P or PD
control.

Set hysteresis.

P

I

D

Hysteresis (cool)

��: Enabled
���: Disabled
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Advanced Function Setting Level

Parameter initialize

Alarm 2 hysteresis

Alarm 2 open in alarm

Alarm 1 hysteresis

Alarm 1 open in alarm

Standby sequence reset
method

Multi-SP uses

Event input assignment 2

Event input assignment 1

Number of multi-SP uses

HBA ON/OFF

Move to calibration level

Automatic return of display mode

Manipulated variable display

Additional PV display

Input digital filter

MV upper limit

α

ST stable range

Heater burnout hysteresis

Heater burnout latch

MV lower limit

SP ramp set value

Input setting: Multiple
SP/RUN/STOP

Resets to the default value.

ON/OFF setting of alarm
output 1

ON/OFF setting of alarm
output 2

PID parameter

Limitations to MV

Displayed first in the operation level

Automatically reset to the operation level
when no key operation are performed.

For setting time constant in seconds.

For setting deviation.

Protect Level

Operation/adjustment protection

Restricts display and modification of menus in the
operation and adjustment levels.

Initial setting/communications protection
Restricts display and modification of menus in the initial
setting, operation level and adjustment levels.

Setting change protection

Protects changes to setups by operating the front
panel keys.

Operation/Adjustment Protection
The following table shows the relationship between set values
and the range of protection.

Level Set value

0 1 2 3

Operation
l l

PV � � � �

level PV/SP

Other X X

Adjustment level X X X

When this parameter is set to “0,” parameters are not protected.

Default setting: 0

: Can be displayed and changed
� : Can be displayed
� : Cannot be displayed and move to other levels not possible

Initial Setting/Communications Protection
This protect level restricts movement to the initial setting level,
communications setting level and advanced function setting level.

Set
value

Initial setting
level

Communications
setting level

Advanced
function
setting level

0 � � �

1 � � X

2 X X X

Default setting: 1

� : Move to other levels possible
� : Move to other levels not possible

Setting Change Protection
This protect level protects setup from being changed by
operating the keys on the front panel.

Set value Description

OFF Setup can be changed by key operation.

ON Setup cannot be changed by key operation.
(The protect level, can be changed.)

Default setting: OFF
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Communications Setting Level

Set the E5CN/E5GN communications specifications in the communications setting level. For setting communications parameters, use the
E5CN/E5GN panel. The communications parameters and their settings are listed in the following table.

Parameter Displayed characters Set (monitor) value Set value

Communications unit No. ���� 0 to 99 0.1 to 99

Baud rate ��	 1.2/2.4/4.8/9.6/19.2 (kbps) 1.2/2.4/4.8/9.6/19.2

Data bits 
�� 7/8 (bit) 7/8 (bit)

Stop bits 	��
 1/2 1/2 (bit)

Parity ��
� None, even, odd ����/����/���

Note: The highlighted values indicate default settings.

Before executing communications with the E5CN/E5GN, set the
communications unit No., baud rate, etc., through key operations
as described below. As for other operations, refer to the relevant
Operation Manual.

1. Press the key for at least three seconds in the “operation
level.” The level moves to the “initial setting level.”

2. Press the key for less than one second. The “initial
setting level” moves to the “communications setting level.”

3. Pressing the key advances the parameters as shown
in the following figure.

4. Press the or keys to change the parameter setups.

Communications
unit No.

Baud rate

Data bits

Stop bits

Parity

Note: On the E5GN, the Key is the Key.

Set each communications parameter to match those of the
communicating personal computer.

Communications Unit No. ( ����)
When communicating with the host computer, the unit number
must be set in each Temperature Controller so that the host
computer can identify each Temperature Controller. The number
can be set in a range from 0 to 99 in increments of 1. The default
setting is 1. When using more than one Unit, be careful not to
use the same number twice. Duplicate settings will cause
malfunction. This value becomes valid when the power is turned
OFF and ON again.

Baud Rate ( ���)
Use this parameter to set the speed of communications with the
host computer. It can be set to one of the following values; 1.2
(1200 bps), 2.4 (2400 bps), 4.8 (4800 bps), 9.6 (9600 bps), and
19.2 (19200 bps).
This setting becomes valid when the power is turned OFF and
ON again.

Data Bits ( �	�)
Use this parameter to change the communications data bit length
to 7 bits or 8 bits.

Stop Bits ( ��
�)
Use this parameter to change the communications stop bit to 1 or
2.

Parity ( ���
)
Use this parameter to set the communications parity to None,
Even, or Odd.
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� TROUBLESHOOTING

When an error occurs, an error code will be displayed on the No. 1 display. Check the contents of an error and take appropriate
countermeasures.

No. 1 display Type of error Countermeasures

	���� Input error Check the wiring of inputs for miswiring, disconnections, short-circuits, and the input
type.

���� Memory error First, turn the power OFF then back ON again. If the display remains the same, the
Unit must be repaired. If the display is restored, then a probable cause can be external
noise affecting the control system. Check for external noise.

Display range over Though not error, this is displayed when the process value exceeds the display range
when the control range is larger than the display range.

• When less than “-1999”

• When larger than “9999”

����� HB error First, turn the power OFF then back ON again. If the display remains the same, the
controller must be repaired. If the display is restored, then a probable cause can be
electrical noise affecting the control system. Check for electrical noise.

Note: Error will be displayed only when the display is set for the PV or PV/SP.

Fuzzy Self-tuning
The fuzzy self-tuning (ST) is a function that automatically calculates an optimum PID constant depending on items to be controlled.

� FEATURE

The Temperature Controller determines when to execute this fuzzy self-tuning.

� FUNCTIONS

SRT: Performs PID tuning according to the step response method when the SP is changed.

LCT: Performs PID tuning according to the limit cycle method when the SP is changed.

Requirements for SRT Functionality

The ST will be executed according to the step response method when the following conditions are satisfied when operation is started or
when the SP is changed.

When operation is started When SP is changed

1. The SP at the startup is different from the SP at the time the
previous SRT was executed. (See Note.)

2. The temperature upon startup is smaller than the SP in the
reverse operation and larger than the SP in the direct
operation.

3. Restarting of operation is not due to an input error.

Note: The “SP that existed when the previous SRT was
executed” refers to the SP used for obtaining the PID
constant in the previous SRT.

1. The SP after change is different from the SP at the time the
previous SRT was executed. (See Note.)

2. In the reverse operation, the value obtained by deducting the
SP before change from the SP after change is larger than the
ST stable range. In the direct operation, the value obtained by
deducting the SP after change from the SP before change is
larger than the ST stable range.

3. The SP change width is larger than the current proportional
band x 1.27 + 4.

4. The temperature is in the stable state. (It can be in the
balanced state if no output is generated when the power is
turned ON.)

If the SP is changed while SRT is being executed and if SRT completion conditions are satisfied, no PID change will take place.

Stabilization State

Measured values remain in the stable range for a certain period
of time.

Balanced State

Output is 0% for 60 seconds and measured values fluctuate
within the width of the stable range.

Tempera-
ture

SRT completion

Time

ST stable range
This inclination is referred to as
R.
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Dimensions
Unit: mm (inch)

� E5CN

• Recommended panel thickness is 1 to 5 mm.

• Group mounting is not possible in the vertical direction.
(Maintain the specified mounting space between Controllers
when they are group mounted.) To mount the E5CN so that
it is waterproof, apply the waterproof seal to the E5CN.

• When two or more E5CNs are mounted, make sure that the
surrounding temperature does not exceed the allowable
operating temperature, as specified in the specifications.

(48�number of units -2.5)
60 min.

60 min.

+1.0
0

45

45

45 +0.6
0

+0.6
0

+0.6
0

Panel Cutouts

Group mounting does
not allow waterproofing.

Mounted Separately Group Mounted

Note: The suffix “500” is added to the model number of each
Controller provided with a E53-COV10 Terminal Cover.

48 x 48

102
(4.02)

93

78
9

58
44.8

48.8
(1.92)

� TERMINAL COVER

E53-COV10

48.8
(1.92)

22
(0.87)

48
(1.89)

9.1
(0.36)
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� CURRENT TRANSFORMER (SOLD SEPARATELY)

E54-CT1

5.8 dia.

Two, 3.5 dia.

21
(0.83)

30
(1.18)

10

40
(1.57)

25
(0.98)

3

15

10.5

7.5

2.8

E54-CT3

12 dia.

Two, M3 (depth: 4)

40 x 40

2.36 dia.

30
(1.18)

15
(0.59)

30
(1.18)

9
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Installation

� SETTING UP OPTION BOARDS
If communications, event input, or heater burnout functions are required, mount the E53-CNH03 Communications Board or the
E53-CNHB Event Input Board. The heater burnout function is supported on either of these two Option Boards.

Option Boards

Name Model Function

Communications Board E53-CNH03 RS-485 communications

Event Input Board E53-CNHB Event inputs

Note: Terminal label: x1

� ASSEMBLY OF UNIT

Flat-blade screwdriver
(unit: mm)

20
m

in
.

(1)

(1)

(2)

(4)

(3)

1. Insert the tools (see drawing above) into the slots (one on the
top and one on the bottom) and release the hooks.

2. Insert the tool in the space between the front and rear panels
and slightly pull out the front panel. Hold the top and bottom
of the front panel and pull toward yourself to remove it.

3. Match up the upper and lower claws with the connection
points and insert the Option Board. Mount the Option Board
in the center.

4. Before inserting the Unit, confirm that the waterproof seal is
in place. Insert the Unit into the rear case until you hear a
click. When inserting the Unit, press down the hooks on the
top and bottom of the rear case, so they firmly hook on the
board inserted.

� MOUNTING

Terminal Cover

Attaching the E5CN to a Panel
1. Insert the E5CN into the mounting hole in the panel.
2. Push the adapter along the E5CN body from the terminals up

to the panel and secure it temporarily.
3. Tighten the two screws on the adapter. When tightening

screws, tighten the two screws alternately, keeping the
torque to between 0.29 and 0.39 N�m (2.9 kgf�cm to 3.9
kgf�cm).

Attaching the Terminal Cover
Make sure that the “UP” mark is facing up, and then fit the
Terminal Cover (E53-COV10) into the holes on the top and
bottom. A E5CN-�-500 Controller is provided with a Terminal
Cover.
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� WIRING TERMINALS
The voltage output (control output) is not electrically insulated
from the internal circuits. When using a grounding thermocouple,
do not connect the control output terminals to the ground. If the
control output terminals are connected to the ground, errors will
occur in the measured temperature values as a result of leakage
current.

Standard insulation is applied to the power supply I/O sections.
If reinforced insulation is required, connect the input and output
terminals to a device without any exposed current-carrying parts
or to a device with standard insulation suitable for the maximum
operating voltage of the power supply I/O section.

Control output

Analog input Input power supply

Alarm output

ALM1/Heater
burnout

ALM2/Control
output 2

Two input power supplies are available: 100 to 240 VAC or 24 VDC.

Voltage Output Relay Output

12 VDC
21 mA

� E5CN OPTION BOARDS
E53-CNHB Event Input Unit

Event Input/Heater Burnout Detection

E53-CNH03 Communications Board

Communications Specification/Heater Burnout Specification

Do not connect anything.

H
os

tc
om

pu
te

r

RS-485

� WIRING PRECAUTIONS
• Separate input leads and power lines to protect the E5CN and its lines from external noise.

• We recommend using solderless terminals when wiring the E5CN.

• Tighten the terminal screws using a torque no greater than 0.78 N�m.

• Use the following type of solderless terminals for M3.5 screws.

7.2 mm max.

7.2 mm max.
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Precautions

� OPERATING ENVIRONMENT
• Use the Temperature Controller within the rated operating

temperature, storage temperature, and operating humidity
specified for each model.

• Use the Temperature Controller according to the perfor-
mance specifications such as vibration, shock, and degree of
protection specified for each model.

• Do not use the Temperature Controller in places where it is
subject to dust or corrosive gases.

• Install the Temperature Controller away from the devices that
generate high-frequency noise.

� SERVICE LIFE

The service life of relays used for the control output or alarm
output varies depending on mostly switching conditions. Be sure
to confirm their performance under actual operating conditions
and do not use them beyond the allowable number of switchings.
If they are used in a deteriorated condition, insulation between
circuits may be damaged and, as a result, the Temperature
Controller itself may be damaged or burned.

The service life of electronic devices such as Temperature
Controllers is determined not only by the number of switchings of
relays, but also by the service life of internal electronic
components. The component service life is affected by the
ambient temperature: the higher the temperature becomes, the
shorter the service life becomes; the lower the temperature
becomes, the longer the service life becomes. For this reason,
the service life can be extended by lowering the internal
temperature of the Temperature Controller.

When two or more Temperature Controllers are mounted
horizontally close to each other or vertically next to each other,
the internal temperature will increase, due to heat radiated by the
Temperature Controllers, and the service life will decrease. In
these situations, forced cooling by fans or other means of air
ventilation will be required to cool down the Temperature
Controllers. When providing forced cooling, however, be careful
not to cool down the terminals solely, to avoid measurement
errors.

� ORDERING PRECAUTIONS

Units separately sold, such as Control Output Units and Current
Transformers, are specified for each Temperature Controller. Be
sure to order appropriate units according to the application.

� INSTALLATION

Mounting
Mount the Temperature Controller horizontally level.

Connection
When extending or connecting the thermocouple lead wire, be
sure to use compensating wires that match the thermocouple
types.

When extending or connecting the lead wire of the platinum
resistance thermometer, be sure to use wires that have low
resistance.

When wiring the platinum resistance thermometer to the
Temperature Controller, keep the wire route as short as possible.
Separate this wiring away from the power supply wiring and load
wiring to avoid inductive or other forms of noise.

Do not use empty terminals.

Crimp Terminal Connection
Use crimp terminals that match M3.5 screws. M3.5 x 8 self-rising
screws are used.

E5CN

7.2 mm max.

Be careful not to excessively tighten the terminals screws.

Soldering Connection
The self-rising screws provide easy soldering connection. Strip
the lead wire by a length of 6 to 8 mm.

� OPERATING PRECAUTIONS

For Temperature Controllers with alarm outputs, alarm output
may not be generated correctly when an abnormality occurs in
the device. A separate alarm device should be incorporated into
the system.

To ensure proper performance, parameters of the Temperature
Controllers are set to default values before they are shipped.
Change these parameters depending on actual applications. If
left unchanged, the Temperature Controller will operate under the
default settings.

It takes several seconds for the relay to turn ON from the
moment the power is turned ON. Consider this time when
incorporating Temperature Controllers in a sequence circuit.

When pulling out the Temperature Controller body, do not apply
excessive force. After the body is removed, be careful not to
apply any shock to the connectors or other electronic
components on the PCB.

Models without any specification on their degree of protection or
those with IP�0 do not offer a waterproofing feature.
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NOTE:
Please specify the following parameters when ordering a transmitter; process type, process
range (%, ppm), thermocouple type, temperature scale F/C, analog output 1 process and
scale, analog output 2 process and scale.

Typical Oxygen Transmitter Calibration
(F840030)

Calibration
Function

Measured Value or
Input

Output / Units

Cold Junction Room Temp °F
Thermocouple
min

800°F (B type)
standard t/c type

°F

Thermocouple
max

3000°F (B type)
standard t/c type

°F

Millivolt 0.0 mV Millivolts
Millivolt 2000 mV Millivolts
Analog 1 Zero 0% O2 4.0 mA +/- 0.1
Analog 1 Span 20.9% O2 20.0 mA +/- 0.1
Analog 2 Zero 800°F +/- 5° 4.0 mA +/- 0.1
Analog 2 Span 3000°F +/- 5° 20.0 mA +/- 0.1

Typical Carbon Transmitter Calibration
(F840031)

Calibration
Function

Measured Value or
Input

Output / Units

Cold Junction Room Temp °F
Thermocouple
Min

MUST BE
SPECIFIED

°F

Thermocouple
Max

MUST BE
SPECIFIED

°F

Millivolt 0.0 mV Millivolts
Millivolt 2000 mV Millivolts
Analog 1 Zero 0% Carbon 4.0 mA +/- 0.1
Analog 1 Span 2.55% Carbon 20.0 mA +/- 0.1
Analog 2 Zero MUST BE

SPECIFIED
4.0 mA +/- 0.1

Analog 2 Span MUST BE
SPECIFIED

20.0 mA +/- 0.1
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General Description

The Oxymit™ Transmitter has been designed to work as an analog or digital interface for
any zirconia based oxygen probe used to track dew point, carbon potential, or oxygen. The
transmitter connects to the temperature and millivolts outputs of an oxygen probe and can
produce analog outputs proportional to the selected process value.

The features available are:

 Isolated inputs for thermocouple and probe millivolt
 24 bit Sigma-Delta ADC for inputs.
 Serial EEPROM to store setup and calibration values.
 Two isolated self-powered 4-20mA outputs for process value and temperature.

The transmitter makes a carbon or oxygen probe an intelligent stand alone sensor. The
transmitter is located near the probe, preferably mounted in an enclosure. The transmitter
mounts onto a DIN rail and requires a 24VDC power supply. It measures the probe
temperature and millivolts. At the time of order the transmitter can be configured to
calculate percent carbon, dewpoint, or percent oxygen from these inputs. The results of
any of these calculations are made available via two 4-20mA loop outputs. Typically one
first loop is set up for the process value the second loop transmits probe temperature.

Process
Controller

5

6

8 A/D
CONV.

RS485

14

13

D/A

D

-15V

D D

+15V

1

2

D/A

C

-15V

C C

+15V

5V_A

5V_A

EEPROM

12

11

Power
Supplies

5V_A
5V_B
+15V
-15V
+15V
-15V

B

A

5V_B

5V_A

22M

5V_A

44M

DISPLAY
CONN.

ISOLATED

ISOLATED

ISOLATED

T/C INPUT

mV INPUT

+24V

24V
COM

ANALOG
OUT 1

4-20mA

ANALOG
OUT 2

4-20mA

9

10 RTX+

RTX-

4

3

EVENT INPUT

7

Figure 1 BLOCK DIAGRAM
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Safety Summary

All cautions and instructions that appear in this manual must be complied with to prevent
personnel injury or damage to the Probe Transmitter or connected equipment. The
specified limits of this equipment must not be exceeded. If these limits are exceeded or if
this instrument is used in a manner not intended by Marathon Sensors Inc., damage to this
instrument or connected devices could occur.

Do not connect this device directly to AC motors, valves, or other actuators. All AC alarm
functions must be connected through an interposing DC coil relay with a maximum coil
load of 0.5 amps DC. The Probe Transmitter is not rated to act as a safety device. It
should not be used to provide interlocking safety functions for any temperature or process
functions. Alarm capabilities are provided for probe test and input faults only and are not
to be considered or used as safety contacts in any application.

Connections
The Probe Transmitter has four removable terminal blocks grouped with four terminals
each. Each terminal is a wire clamp type with a standard slot screw. Each clamp can
accommodate AWG 24 to 12 flexible stranded wire. Maximum torque on the terminal
screws should not exceed 0.8 Nm.

The figure below shows the arrangement of the terminals.

LOWER

UPPER

UPPER

LOWER

- + N/C N/C

AO2

1 2 3 4

5 6 7 8
- + - +

TC MV

AO1 COM NO

- + EVT EVT

13 14 15 16

RS485 24VDC

- + - +

9 10 11 12

Figure 2 Terminal Layout
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The next figure shows a schematic representation of the Probe Transmitter and typical
connections required in the field.

Figure 3 Schematic Connections

Grounding and Shielding

To minimize the pick-up of electrical noise, the low voltage DC connections and the sensor
input wiring should be routed away from high-current power cables. Where it is
impractical to do this, use shielded cables with the shield grounded at the Probe Transmitter
enclosure ground as show above.

Parameter Selections

The following tables list the parameters available in the Probe Transmitter. Default values
are also listed. The default values are loaded if a reset is force in the device. Changes to
these parameters must be specified at the time of order.

Process Parameters

The following table shows the process selections and other parameters that effect the
process value.
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Table 1 Process Parameters
Parameter Name Selection

Default
Units or Options Range

PROCESS TYPE %O2 CARBON, DPT,
%O2, MV

CARB PROC FACT 150 0 to 1000
DEWPT PROC FACT 150 0 to 1000
OXYGEN EXPON 0002 POWER OF TEN 0 to 31
TC TYPE B B, C, E, J, K, N,

NNM, R, S, T

Process Type
Selecting the process type determines what type of calculation the Smart Transmitter is
going to do based on the probe millivolt and probe temperature inputs. The default process
value for the Smart Transmitter is %O2 with an exponent selection of 2. This is the
selection most often used in Boiler control and Combustion applications.

Percent Carbon and dew point are typically processes that are used in steel treating
applications. Percent Carbon is the process value most often used for the control of case
depth or the percent of carbon in a steel hardening furnace. Dew Point is used in the control
for endothermic generators.

Carbon Process Factor

The carbon process factor can be used to adjust the % carbon value. This number takes
into account a number of assumptions that the carbon value is based on. Primary among
these is the assumed level of CO in the atmosphere. See the Theory of Process Calculation
section for a complete explanation of this value.

It maybe necessary to change the apparent furnace carbon as measured by the oxygen
probe if this value is different than actual load samples, shim stocks, or gas analysis. The
basic rule of thumb is that an increase is the carbon process factor will decrease the
apparent carbon level in the furnace. The default value is 150. Typical values can very
from 50 to 400. Increase or decrease the process factor until the desired carbon level is
achieved. A process factor that is drastically different than normal may be an indication of
a failing probe, water or air leak in the furnace, or excess methane present. Refer to probe
troubleshooting guides to determine what other factors maybe effecting the carbon value.

Dew Point Process Factor

The dew point process factor is similar to the carbon process factor but is used to adjust the
dew point value if dew point is selected as the process value. This number takes into
account a number of assumptions that the dew point value is based on. Primary among
these is the assumed level of hydrogen in the atmosphere. See the Theory of Process
Calculation section for a complete explanation of this value.
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Oxygen Exponent

The range of oxygen is factory configured using the oxygen exponent number. Percent
oxygen is the standard setting where the oxygen exponent is set to 2 and the output range is
0.00% to 20.9%. For a part per million (ppm) range the exponent would be set to 6 and the
output range of 0.00 X 10-6 to 99.99 X 10-6.

TC Type

The following table shows the available thermocouple types and the ranges. BOLD
indicates the typical oxygen default.

Thermocouple
type

Zero ºF Zero °C Span ºF Span °C

B 800 425 3000 1650
C 32 0 3000 1650
E 32 0 1300 700
J 32 0 1300 700
K 32 0 2300 1260
N 32 0 2300 1260

NNM 32 0 2000 1090
R 300 150 3000 1650
S 300 150 3000 1650
T 32 0 700 370

The Cold Junction correction is applied to all thermocouple types.

Analog Output Channels

The analog outputs are factory configured to provide 4 to 20mA signals proportional to
selectable process values.

NOTE
The Analog Output Channels are isolated self-powered
current sources and do not require an external supply.

If a chart recorder is to be used, it should have input specifications within 4 to 20 mA. If
the recorder only responds to VDC inputs it will be necessary to add a 250 ohm dropping
resistor across its input terminals.

The ideal location of the recorder is adjacent to the instrument but it may be located
remotely if the connecting wires are properly shielded. For best results, the chart recorder
input(s) should be isolated from ground.
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Table 2 Analog Outputs
Parameter

Name
Oxygen
Default

Possible
Options

Possible
Ranges

OUTPUT 1
MODE

O2

0–20.9%
4-20mA

O2, CARBON,
DEWPT, TEMP, LIN,
PROG

O2 = 0 – 9999
%C = 0.00 – 2.55
DP = -99.9 – 212.0
Temp = -999 – 3000
LIN = -999 – 9999
PROG = 0 – 4095

OUTPUT 2
MODE

TEMP

800-3000°F
4-20mA

O2, CARBON,
DEWPT, TEMP, LIN,
PROG

O2 = 0 – 9999
%C = 0.00 – 2.55
DP = -99.9 – 212.0
Temp = -999 – 3000
LIN = -999 – 9999
PROG = 0 – 4095

NOTE: SEE PAGE 4 FOR TYPICAL CALIBRATION VALUES.

Calibration

The Smart Transmitter is factory calibrated. The calibration can be verified once a year or
according to customer calibration schedules. The instrument should be returned to the
factory if calibration is required.
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Process Variable Calculations

The transmitter has a selectable process calculation for percent carbon, percent oxygen, or
dewpoint. The following equations are used to derive these values;

Percent Oxygen

20.95
%O2 = -----------------------

e(E/0.0215*Tk)

Where: E = probe millivolts, Tk = probe temperature in degrees Kelvin.

The 20.95 is the %O2 in air.

Percent Carbon

e((E-786)/(0.043102*Tk))
%C = 5.102 ---------------------------------------------------

(29*PF + 400)+ e((E-786)/(0.043102*Tk))

Where: E = probe millivolts, Tk = probe temperature in Kelvin, and PF is the process
factor.

Dewpoint

4238.7
DP = -------------------------------------------------------------------- - 459.69

6.281216 + log((29*PF+400)+(E-1267.8)/(0.05512*Tr)

Where: E = probe millivolts, Tr = probe temperature in Rankin, PF is the process factor,
and DP is the dewpoint in Fahrenheit.
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Communications

The Transmitter is capable of digital communications using the Modbus protocol. This is
possible by connecting to the half duplex RS-485 terminals using a shielded twisted pair.

Modbus

The MODBUS protocol describes an industrial communications and distributed control
system (DCS) that integrates PLCs computers, terminals, and other monitoring, sensing,
and control devices. MODBUS is a Master/Slave communications protocol, whereby one
device, (the Master), controls all serial activity by selectively polling one or more slave
devices. The protocol provides for one master device and up to 247 slave devices on a RS-
485 half duplex twisted pair line. Each device is assigned an address to distinguish it from
all other connected devices. All instruments are connected in a daisy-chain configuration.

The instrument communicates with baud rate settings 1200, 2400, 4800, 9600, or 19.2K.
The default baud rate is 19.2Kbuad. The default address is 1. Changes to these values can
be made by writing to the appropriate memory register.

The Transmitter communicates in Modbus RTU (Remote Terminal Unit) protocol using 8-
bit binary data characters. Message characters are transmitted in a continuous stream. The
message stream is setup based on the following structure:

Number of bits per character:
Start bits 1
Data bits (least significant first) 8
Parity None only (no bits for no parity)
Stop bits 1
Error Checking CRC (Cyclical Redundancy Check)

The Transmitter recognizes three RTU commands. These are: read single I registers
(command 4), read a single H register (command 3), and preset a single H register
(command 6)

In Modbus mode, the Transmitter can be only be configured for the ‘none’ parity option.

The instrument never initiates communications and is always in receive mode unless
responding to a query.

RTU Framing

Frame synchronization can be maintained in RTU transmission mode only by simulating a
synchronous message. The instrument monitors the elapsed time between receipt of
characters. If three and one-half character times elapse without a new character or
completion of the frame, then the instrument flushes the frame and assumes that the next
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byte received will be an address. The follow command message structure is used, where T
is the required character delay. Response from the instrument is based on the command.

T1,T2,T3 ADDRESS FUNCTION DATA CHECKSUM T1,T2,T3
8-BITS 8-BITS N X 8-BITS 16-BITS

Address Field

The address field immediately follows the beginning of the frame and consists of 8-bits.
These bits indicate the user assigned address of the slave device that is to receive the
message sent by the attached master.

Each slave must be assigned a unique address and only the addressed slave will respond to
a query that contains its address. When the slave sends a response, the slave address
informs the master which slave is communicating.

Function Field

The Function Code field tells the addressed slave what function to perform. MODBUS
function codes are specifically designed for interacting with a PLC on the MODBUS
industrial communications system. Command codes were established to manipulate PLC
registers and coils. As far as the Transmitter is concerned, they are all just memory
locations, but the response to each command is consistent with Modbus specifications.

The high order bit in this field is set by the slave device to indicate an exception condition
in the response message. If no exceptions exist, the high-order bit is maintained as zero in
the response message.

Data Field

The data field contains information needed by the slave to perform the specific function or
it contains data collected by the slave in response to a query. This information may be
values, address references, or limits. For example, the function code tells the slave to read
a holding register, and the data field is needed to indicate which register to start at and how
many to read.

Error Check Field (CRC)

This field allows the master and slave devices to check a message for errors in
transmission. Sometimes, because of electrical noise or other interference, a message may
be changed slightly while it is on its way from one device to another. The error checking
assures that the slave or master does not react to messages that have changed during
transmission. This increases the safety and the efficiency of the MODBUS system.

The error check field uses a CRC-16 check in the RTU mode.
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The following is an example of a function 03 call for data at memory location 03. The
value returned by the instrument is the hex value 1E.

Transmit from Host or Master
Address Cmd Reg

HI
Reg
LO

Count
HI

Count
LO

CRC
HI

CRC
LO

01 03 00 03 00 01 74 0A

Response from Transmitter
Address Cmd Byte

Count
HI

Byte
Count
LO

Data
HI

Data
LO

CRC
HI

CRC
Lo

01 03 00 02 00 1E 38 4C

Note that all the values are interpreted as hexadecimal values. The CRC calculation is
based on the A001 polynomial for RTU Modbus. The function 04 command structure is
similar to the 03 structure.

The following is an example of a function 06 call to change data in register 01 to 200. The
response from the instrument confirms the new value as being set.

Transmit from Host or Master
Address Cmd Reg

HI
Reg
LO

Data
HI

Data
LO

CRC
HI

CRC
LO

01 06 00 01 00 C8 D9 9C

Response from Transmitter
Address Cmd Reg

HI
Reg
LO

Data
HI

Data
LO

CRC
HI

CRC
LO

01 06 00 01 00 C8 D9 9C

The Transmitter will respond to several error conditions. The three exception codes that
will generate a response from the instrument are:

01 – Illegal Function
02 - Illegal Data Address
03 – Illegal Data Value
04 – Slave Device Failure

The response from the Transmitter with an exception code will have the most significant
bit of the requested function set followed by the exception code and the high and low CRC
bytes.
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Memory Map

NOTE: Modbus refers to the hexadecimal register location. These parameters are
formatted as unsigned 16 bit integers. Any real number such as temperature can be
evaluated as a signed number, other parameters are bit mapped words that must be
evaluated as single bits are bit groups.

BLOCK 0
HEX DEC PARAMETER DESCRIPTION READ/WRITE
00 0 Not used READ ONLY
01 1 TIME CONTROL

SIOSET
LOW BYTE - TIMER CONTROL
BIT 0 – Timer Disabled (0), Timer Enabled (1)
BIT 1 – 7 SPARE

HIGH BYTE – SIO SETUP
BITS 8 – 9 PARITY SETTING
00 = Even Parity, 7 bits, 1 Stop bit
01 = No Parity, 8 bits, 1 Stop bit
10 = Odd Parity, 7 bits, 1 Stop bit

BITS 10 – 11 RESPONSE DELAY
0 = No delay applied to response
1 = 10ms delay applied to response
2 = 20ms delay applied to response
3 = 30ms delay applied to response

BITS 12 – 14 BAUD SELECT
000 = 76.8K
001 = 38.4K
010 = 19.2K (DEFAULT)
011 = 9600
100 = 4800
101 = 2400
110 = 1200
111 = 600

BIT 15 HOST FORMAT
0 = MSI (PROP)
1 = MODBUS (DEFAULT)

READ/WRITE

02 2 TC_ZERO
TC_SPAN

LOW BYTE - TC ZERO CALIBRATION
NUMBER

HIGH BYTE – TC SPAN CALIBRATION
NUMBER

READ/WRITE

03 3 MV_ZERO
MV_SPAN

LOW BYTE – MV ZERO CALIBRATION
NUMBER

HIGH BYTE – MV SPAN CALIBRATION
NUMBER

READ/WRITE

04 4 PF PROCESS FACTOR FOR CARBON OR
DEWPOINT
RANGE = 0 to 4095

READ/WRITE
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BLOCK 0
HEX DEC PARAMETER DESCRIPTION READ/WRITE

DEFAULT = 150
05 5 EVENT

LDLN
LOW BYTE – INPUT EVENT
CONFIGURATION
Bits 0 – 3
0000 = None
0001 = Auto Mode Selected
0010 = Remote Setpoint Selected
0011 = Acknowledge alarms
0100 = Timer Hold
0101 = Timer End
0110 = Timer Start
0111 = Start probe test
1000 = Process hold
Bits 4 – 7 not used.

UPPER BYTE – LOAD LINE

READ/WRITE

06 6 CJTRM
HADR

LOW BYTE – COLD JUNCTION TRIM
COLD JUNCTION TRIM (unsigned integer)
RANGE = –128 TO +127 WHERE
1 COUNT = 1 DEG (C or F) and –128 = 65408

HIGH BYTE – HOST ADDRESS
BITS 0-7
RANGE = 0 – 255

07 7 SPARE SPARE
08 8 CONFIG0 Input Configuration

BITS 0-3 TC Input TYPE
0000 = B (DEFAULT)
0001 = E
0010 = J
0011 = K
0100 = N
0101 = R
0110 = S
0111 = T
1000 = SPARE
1001 = SPARE
1010 = SPARE
1011 = SPARE
1100 = SPARE
1101 = SPARE
1110 = SPARE
1111 = SPARE
BIT 4 = SPARE
BIT 5 0 = NO CJ APPLIED, 1 = CJ APPLIED
BIT 6 0 = °F, 1 = °C
BIT 7 0 = 60HZ FILTER
BIT 8 – 11 Millivolt Input TYPE
0000 = LINEAR (DEFAULT)
All other bit combinations are spare
BITS 12 – 15 are spare

READ/WRITE

09 9 CONFIG2 SETUP VALUES
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BLOCK 0
HEX DEC PARAMETER DESCRIPTION READ/WRITE

BITS 0 - 4 OXYGEN EXPONENT
RANGE = 0 to 31, where 2 = % and 6 = ppm
DEFAULT = 2
BITS 5 - 6 DISPLAY DECIMAL PLACE
where:
0 = no decimal point in display
1 = Display XXX.X
2 = Display XX.XX
3 = Display X.XXX
DEFAULT = 0
BITS 8 – 12 REDOX METAL NUMBER
RANGE = 0 – 14
DEFAULT = 0
BITS 13 – 15 SPARE

0A 10 FAULT FAULT BIT MAP
BIT 0 = Temperature Input Open
BIT 1 = MV Input Open
BIT 2 = Range of input is low
BIT 3 = Range of input is high
BIT 4 = Timer End
BIT 5 = Probe Care Fault
BITS 6 – 7 = SPARE
BIT 8 = CPU Fault
BIT 9 = Min Idle counter = 0
BIT 10 = Keyboard failure, stuck key or a key
was pressed during power up.
BIT 11 = Flash Erase Failed
BIT 12 = Flash Checksum Failed
BIT 13 = EEPROM Checksum Failed
BIT 14 = Flash/EEPROM Size Fault
BIT 15 = ADC Fault

READ ONLY

0B 11 ASRC ANALOG OUT SOURCES
LOW BYTE, ANALOG OUTPUT 1
BITS 0 – 3
0000 = N/A
0001 = Temperature
0010 = Linear Input A
0011 = Carbon value
0100 = Dewpoint value
0101 = Oxygen value
0110 = Redox value
0111 = Output Power
1000 = Control Output 1
1001 = Control Output 2
1010 = Linear Input B
1011 = Programmable*

*For Programmable, write required output
value into DACV1, where DACV1 = 0 is
minimum output and
DACV1 = 4096 is maximum output.

BITS 4 – 7 SPARE

READ/WRITE
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BLOCK 0
HEX DEC PARAMETER DESCRIPTION READ/WRITE

HIGH BYTE, ANALOG OUTPUT 2
BITS 8 – 12
0000 = N/A
0001 = Temperature
0010 = Linear Input A
0011 = Carbon value
0100 = Dewpoint value
0101 = Oxygen value
0110 = Redox value
0111 = Output Power
1000 = Control Output 1
1001 = Control Output 2
1010 = Linear Input B
1011 = Programmable*

*For Reference Number and Programmable ,
write required output value into DACV2, where
DACV2 = 0 is minimum output and
DACV2 = 4096 is maximum output.

BITS 13 – 15 SPARE

Special case: If Analog Output 1 = CONTROL
OUTPUT 1 and Analog Output 2 = CONTROL
OUTPUT 2 and the Control Mode is dual, then
Analog Output 1 is 4-20ma for 0 to +100% PO
and Analog Output 2 is 4-20ma for 0 to -100%
PO.

0C 12 DAC_OFFSET_1 DAC 1 OFFSET CALIBRATION READ/WRITE
0D 13 DAC_SPAN_1 DAC 1 SPAN CALIBRATION READ/WRITE
0E 14 DAC_OFFSET_2 DAC2 OFFSET CALIBRATION READ/WRITE
0F 15 DAC_SPAN_2 DAC2 SPAN CALIBRATION READ/WRITE
10 16 AOUTOF1 ANALOG OUTPUT 1 OFFSET

Minimum source value that correlates to
minimum Analog Output of 4 mA. The source
value is based on the selection in ASRC lower
byte

READ/WRITE

11 17 AOUTRN1 ANALOG OUTPUT 1 RANGE
Maximum source value that correlates to
maximum Analog Output of 20 mA. The
source value is based on the selection in
ASRC lower byte where

READ/WRITE

12 18 AOUTOF2 ANALOG OUTPUT 2 OFFSET
Minimum source value that correlates to
minimum Analog Output of 4 mA. The source
value is based on the selection in ASRC upper
byte

READ/WRITE

13 19 AOUTRN2 ANALOG OUTPUT 2 RANGE
Maximum source value that correlates to
maximum Analog Output of 20 mA. The

READ/WRITE
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BLOCK 0
HEX DEC PARAMETER DESCRIPTION READ/WRITE

source value is based on the selection in
ASRC upper byte where

14 20 SPARE SPARE READ/WRITE
15 21 SPARE SPARE READ/WRITE
16 22 SPARE SPARE READ/WRITE
17 23 TEMPFIL Temperature Input Filter in seconds

Range = 0 to 3276. The higher the number
the faster the reading update.
DEFAULT = 1000

READ/WRITE

BLOCK 1
HEX DEC PARAMETER DESCRIPTION READ/WRITE
18 24 MVFIL Millivolt Input Filter in seconds

Range = 0 to 3276. The higher the number
the faster the reading update.
DEFAULT = 1000

READ/WRITE

19 25 AZERO LINEAR OFFSET, Y INTERCEPT LINEAR
SCALING FOR INPUT A

READ/WRITE

1A 26 ANUM LINEAR SPAN VALUE FOR INPUT A READ/WRITE
1B 27 BZERO LINEAR OFFSET, Y INTERCEPT LINEAR

SCALING FOR INPUT B
READ/WRITE

1C 14 BNUM LINEAR SPAN VALUE FOR INPUT B READ/WRITE
1D 15 PROC This value is the calculated process value

shown as an integer. The decimal point and
exponent values are required to determine the
actual scaled value.
Range = -999 to 9999.
For example: If the process = oxygen, display
decimal point = 2, and exponent = 6, and
PROC = 1234, then the actual value and
displayed as 12.34 ppm.

READ ONLY

1E 16 COLDJCT COLD JUNCTION
Where 1 COUNT = 1°F (°C), RANGE = -99 TO
255°F (°C). Note this parameter is an
unsigned integer.

READ ONLY

1F 17 TEMP MEASURED TEMPERATURE
Where temperature is presented in degrees C
or F, based on the C/F setting. Note this
parameter is an unsigned integer of
temperature -2721 = 62815
Range = max / min range of selected
thermocouple.

READ ONLY

20 18 MV MEASURED MILLIVOLT
Where this value is scaled in 0.1 mV
increments, i.e. 10001 = 1000.1.
Range = 0 to 2000 mV.

READ ONLY

21 19 DACV1 ANALOG OUTPUT 1
0 to 4095 is 4 to 20 mA In dual mode 4mA = -
100, 12mA = 0, 20mA = +100

READ/WRITE
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BLOCK 1
HEX DEC PARAMETER DESCRIPTION READ/WRITE
22 20 DACV2 ANALOG OUTPUT 2

0 to 4095 is 4 to 20 ma In dual mode 4mA = -
100, 12mA = 0, 20mA = +100

READ/WRITE

23 35 SPARE SPARE
24 36 SPARE SPARE
25 37 SPARE SPARE
26 38 SPARE SPARE
27 39 SPARE SPARE
28 40 SPARE SPARE
29 41 SPARE SPARE
2A 42 SPARE SPARE
2B 43 SPARE SPARE
2C 44 SPARE SPARE
2D 45 SPARE SPARE
2E 46 SPARE SPARE
2F 47 SPARE SPARE
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Operational Specifications

Power input 21.6 to 26.4 volts DC / 130mA

Thermocouple input

Thermocouple type Zero ºF Span ºF
B 800 3000
C 32 3000
E 32 1300
J 32 1300
K 32 2300
N 32 2300

NNM 32 2000
R 300 3000
S 300 3000
T 32 700

Bold shows default
Accuracy after linearization +/- 1 deg F

Millivolt input -200 to 2000 millivolts +/- 0.1 millivolt

Input Impedance 25 Megohm

Cold junction compensation +/- 1 deg F

DC outputs (Isolated) 0 to 20mA (650max).

Isolation 1000V DC/AC
Power input to signal inputs
Power input to communications

No Isolation Thermocouple input to Millivolt input, inputs must be differential.

Calculations Percent carbon 0 – 2.55%, no CO compensation
Dewpoint -99°F (-72.8°C) – 212 °F (100°C), no hydrogen
compensation
Percent oxygen. 0 – 20.9% (default)

CAUTION
DO NOT CONNECT ANY AC SOURCE OR LOAD TO
INSTRUMENT CONTACTS

Calibration Setups Millivolt Null
Millivolt Span
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Thermocouple Null
Thermocouple Span
Cold Junction Trim

Communications port RS-485 Half Duplex Only
Protocol Modbus RTU
Baud rates 1200, 2400, 4800, 9600, 19.2K (19.2K default)
Parity None
Address 1 – 254 (Address 1 is default)

Housing
Material Polyamide PA non-reinforced
Inflammability Evaluation Class V0 (UL94)
Temperature Range -40 to 100°C
Dielectric Strength 600 kV/cm (IEC243-1)
Mounting Snaps on to EN 50022 top hat (T) style DIN rail.

Terminals
Wire clamp screw terminals on four position removable terminal blocks.
Wire Size AWG 24 – 12 flexible stranded, removable terminal blocks.
Max. Torque 0.8 Nm

CAUTION: DO NOT CONNECT OR DISCONNECT HOUSING PLUGS
WHILE MODULE IS POWERED OR UNDER LOAD.

Weight 10 oz

Environmental Conditions
Operating Temperature -20 °C to 55 °C (-4 to 130 F)
Storage Temperature -40 °C to 85 °C (-40 to 185 F)
Operating and Storage Humidity

85% max relative humidity, noncondensing, from –20
to 65°C

Certifications and Compliance (PENDING)

Safety EN 61010-1, IEC 1010-1
Safety requirement for electrical equipment for measurement, control, and
laboratory use, Part 1

Electromagnetic Compatibility
Immunity as specified by EN 50082-2

Electrostatic discharge EN 61000-4-2 Level 3: 8 kV air
Electromagnetic RF fields EN 61000-403 Level 3: 10 V/m

80 MHz – 1 GHz
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Fast Transients EN 61000-4-4 Level 4: 2 kV I/O
Level 3: 2 kV power

RF conducted interference EN 61000-4-6 Level 3: 10 V/rms
150 KHz – 80 MHz

Emissions as specified by EN 50081-2
RF Interference EN 55011 Enclosure class A

Power main class A

Note: This instrument is designed for installation inside a grounded metal enclosure.
Always observe anti-static precautions when installing or servicing any electronic device.
Ground your body to discharge any static field before touching the body or terminals of any
electronic device.

This specification can change without notification.
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1 Introduction 
1.1 Purpose 

 
This Standard Operating Procedure – Incinerator Model CY-100-CA-D-O has been developed to 
ensure the operation of the Westland Model CY-100-CA-D-O incinerator located at the Robert 
Bay site, Hope Bay Project is undertaken in a safe, environmentally responsible and efficient 
manner. 

The objectives of managing and the appropriate incineration of wastes are numerous.  Consistent 
with HBML’s intent to be a responsible operator, these objectives are described as:  

• Prevention of public health risks 
• Protection of the operator(s)  
• Protection of surface waters 
• Protection of groundwaters 
• Protection of lands 
• Protection of local species 
• Conservation of resources 
• Compliance with regulatory and permit requirements 

 
This Standard Operating Procedure has been developed to ensure that, to the maximum extent 
possible, these objectives are foremost in HBML’S operational approach to activities at the Hope 
Bay project. 

1.2 Scope 

This Standard Operating Procedure – Incinerator Model CY-100-CA-D-O applies to the 
management and operation of the Model CY-100-CA-D-O incinerator to ensure that the 
incinerator is operated in a manner that effectively and efficiently incinerates appropriate waste 
streams generated at the Hope Bay project. Wastes suitable for incineration generally include 
food wastes, paper wastes and unusable or waste wood.  

1.3 Responsibilities 
 
The Exploration Manager has overall responsibility for this SOP and will be the party to 
providing the resources necessary to operate and maintain the Westland Model CY-100-CA-D-O 
Incinerator.  
 
The Exploration Site Superintendent will have site responsibility to provide the on-site resources 
to manage operate and maintain the incinerator in accordance with the manual; conduct regular 
inspections of the incinerators; and provide input on modifications in operational procedures to 
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improve operational performance of the facility. The Exploration Site Superintendent, through his 
foremen, will provide daily supervision to site operational personnel on the operation of the 
incinerator. 
 
The site Environmental Coordinator has responsibility to regularly review and keep this Standard 
Operating Procedure up-to-date; provide technical expertise to the site operational personnel, 
reporting on the performance of the incinerator, residuals (ash) management; conduct annual 
audits of the waste management stream and incineration operations; and provide an annual audit 
report to the Exploration Site Superintendent and Exploration Manager. 

1.4 Document Control 

The site Environmental Coordinator will complete a review of this procedure at least once every 
three years; will update the document as required and submit the updated SOP for review and 
approval by the Exploration Site Superintendent. 
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2 Description of Model CY-100-CA-D-O 
Incinerator  
The Westland Model CY-100-CA-D-O incinerator has a manufacturer’s stated capacity of 100 
kg/h using diesel as the auxiliary fuel. Figure 1, 2 and 3 provides an overview of major 
components of the Westland Model CY-100-CA-D-O incinerator. Appendix A provides a more 
detailed discussion of individual components, features and functions of the incinerator. 

 

 

 

 
 
 
 
 
 
 
 

Figure 1:  Schematic of Incineration System - Model CY-100-CA-D-O Incinerator 
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Figure 2:  Overview of Model CY-100-CA-D-O Incinerator   

 



Standard 
 

 

F

 

 

Operating Pr

Figure 3:  M

rocedure (Revi

Major Comp

ision 0)           

onents of P

8 
                     

Primary & S
CA-D-O 

                 Mo

Secondary C
Incinerator

H

del CY-100-C

Chambers - 
r   

Hope Bay Pr

CA-D-O Incine

Model CY-1

roject 

erator  

100-



    Hope Bay Project 

9 
Standard Operating Procedure (Revision 0)                                                   Model CY-100-CA-D-O Incinerator  
 

3 Operator Training & Safety 
3.1 Operator Training  

 
Persons charged with the responsibility of operating the Westland Model CY-100-CA-D-O 
incinerator are required to read and comprehend this SOP and the Westland Model CY-100-CA-
D-O Operating and Maintenance Manual which is appended to this SOP as Attachment A.  
 
In addition, an on- site training program will be developed to cover all aspects of the 
infrastructure associated with incinerator management , its operation, maintenance, monitoring, 
sample collection, preservation and record keeping. The training will also include an 
identification of activity related risks, knowledge and use of job specific Personal Protective 
Equipment (PPE), as well as training in the proper handling, storage, and disposal of all ash 
generated from the facility.   
 
The training will be both job and equipment specific and will be provided to any site personnel 
assigned the responsibility to oversee, inspect, maintain , monitor, assess performance and report 
on the facilities, its discharges and discharge location. The training program will be reviewed as 
required by site management, with a full review of the training program completed as least once 
every three years.  

3.2 Personal Protective Equipment 
 
Prior to initiating any activities related to the operation of the Westland Model CY-100-CA-D-O 
incinerator, the operator will equip themselves with all required Personal Protective equipment.  
 
This will include, but not necessarily be limited to the following: 

• Long sleeved shirt and long pants; 
• Long cuffed, puncture resistant gloves; 
• CSA approved, Grade 1 safety footwear; 
• CSA/ANSI approved headgear; and, 
• CSA/ANSI approved safety glasses. 

 
The personal protective equipment related to specific tasks associated with the operations of the 
incinerator are as follows: 

• Ash removal and handling:  
o NIOSH N85 respirator 

• Waste charging:  
o Heat protective clothing and gloves, and  
o CSA/ANSI approved full face shield. 
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3.3 Specific Health and Safety Requirements for the Model CY-100-
CA-D-O Incinerator 
 
Equipment specific hazards that could potentially be encountered during interactions with the 
incinerator generally arise from the following (not in any order of importance): 

• Contact with waste (potentially infectious or toxic components, or sharps); 
• Exposure to heat from contact with hot surface or radiation from the primary combustion 

chamber when the waste charging door or ash removal door is opened. 
 
Therefore, general precautionary actions by any person coming in contact with the incinerator or 
its waste stream include: 

• Not opening waste batches 
• Not touching hot surfaces, and minimum exposure to heat radiation through open doors 

(charging and ash doors while combustion is taking place). 
• Wearing appropriate personal protective equipment for charging waste and raking the 

primary chamber, and minimize the time for those tasks.  
• Wearing appropriate personal protective equipment during ash removal. 
• Using appropriate equipment and operators to move and transport heavy objects such as 

full ash containers. 
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4 Model CY-100-CA-D-O Incinerator Operations  
4.1.1 Introduction 

 
The following provides a discussion of the correct procedures that apply to the operation of 
Westland Model CY-100-CA-D-O incinerator. 

4.1.2 Operational Procedures 
 
The safe and effective operation of the Westland Model CY-100-CA-D-O incinerator is described 
by the sequential steps provided in Figure 4. All operators will diligently follow these steps. 
 

 
 

Figure 4:  Model CY-100-CA-D-O Incinerator Operations Sequence 
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4.1.3 Waste Batch Preparation 
 
Waste destined for incineration will be separated and bagged at its source and placed in a secure 
receptacle designed to prohibit access by wildlife (i.e. Bear-proof container). The material will be 
collected by persons designated for that purpose and immediately incinerated.  
 
All reasonable efforts will be made by all site personnel to ensure that bagged waste destined for 
incineration is free of (i.e. does not contain) materials that are considered inappropriate for 
incineration. Materials inappropriate for incineration include, but are not necessarily be limited 
to: 

• Cans or containers containing Aerosol (whether empty or not); 
• Residual paint materials; 
• Plastics of any kind; 
• Batteries of any kind; 
• Styrofoam of any kind; 
• Tin/aluminum cans;  
• Explosives of any kind;  
• Sewage sludges; or, 
• Metals of any kind. 

 
The following cautionary notes must be followed: 

• NO explosives, aerosol cans or sealed containers containing combustible liquids shall be 
placed in the incinerator. 

• The operator shall ensure that every batch can go through the waste charging door easily, 
regardless of its weight. If others prepare the batches, the operator should inform them 
about the maximum batch size. 

• Do not open batches and “rearrange” the contents. 

All waste generated on site that cannot be incinerated will be managed and disposed of in an 
appropriate manner as described in the Hope Bay Project – Materials Management Plan.  

4.1.4 Pre-operational Checks 
 
The following pre-operational checks will be conducted by the operator: 

• Check prevailing winds and in the event that winds are directed towards populated areas 
(i.e. camp) or inversion (i.e. temperature increase with altitude: a stable atmospheric 
condition in which air temperature increases vertically upward) are present, operator will 
check with supervisor before firing incinerator; 

•  Ensure the presence of an easily accessible fire extinguisher; 
• Inspect the fire extinguisher to ensure charged and functional;  
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• Conduct inspection of fuel tank for leaks and containment integrity; 
• Inspect fuel tank to ensure sufficient fuel for operations; 
• Inspect combustion chamber to ensure chamber is empty and combustion air 

holes are clear;  
• Inspect thermocouples (Primary & Secondary chamber); 
• Inspect gasket/seal in both “charge” and “ash” door; 
• Inspect refractory and under fire air holes in primary chamber; 
• Inspect spark arrestor to ensure no plugging; 
• Inspect power connection; and, 
• Open fuel valve. 

 
In the event that this inspection identifies an “action item” the incinerator operator will 
immediately inform his/her direct supervisor. 
 
When diesel is used as incinerator fuel, it may be necessary to bleed the diesel lines (to 
the burners) as required. 

4.1.5 Ash Removal 
 
Typically the ash from previous operation has been left within the incinerator to cool, and ash 
removal is completed prior to beginning a “new” burn operation.  
 
If the ash is to be removed, the operator shall undertake the following actions; 

• Ensure that the combustion chamber is sufficiently cool. 
• Do NOT spray water into the combustion chamber. 
• While removing ash, all efforts will be made to avoid plugging the combustion air holes 

and damaging the burner tip.  
• Use non-combustible container (i.e. a used 45 gallon drum which has been inspected to 

ensure no residual materials are present) to store ash. 
• The use of a “remote” thermometer is recommended to check the temperatures in the 

various places in the primary chamber. 
• Minimize dust generation – a light water spraying on ash in the container is 

recommended to minimize dust generation. 
• Remove ash and place in appropriate container. 
• Securely cover ash container.  
• Label exterior of the container “Incinerator Ash” with robust label. 
• Ensure appropriate disposal of ash. 
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4.1.6 Incinerator Start-up 
 

The following procedures (Figure 7) shall be followed in order to initiate incineration sequence. 
 

 

 
Figure 5:  Model CY-100-CA-D-O Incinerator Procedures for Start-Up 

 
Note: Temperatures in Steps 7 and 8 may be regulated: If so, the operator shall 

SET THE TEMPERATURE TO THE REGULATED VALUES 
 

 

4.1.7 Waste Charging of Incinerator 
 
The operator shall charge the incinerator in the following manner (Figure 8). 
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Figure 6:  Model CY-100-CA-D-O Incinerator Procedures for Waste Charging 
 

NOTE:  
** : The main danger is from exposure to heat radiation, and the waste batch catching fire before 
it is inside the primary chamber. Precautionary steps include: (a) Wear proper PPE, (b) Make sure 
waste batch can go through the charge door easily, (c) open door, charge waste and close door as 
quickly as possible. 
***: The time for complete combustion varies depending on batch size, weight and composition. 
More than 30 minutes would be unusual. Check burning conditions from ash door or charge door. 
Rake if necessary [Note Step 8 above]. 
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4.1.8 Incinerator Burn-Down 
 
The following procedure shall be followed by the incinerator operator during burn down 
(Figure 9). 

 

 
Figure 7:  Model CY-100-CA-D-O Incinerator Procedures for Burn Down 

 

4.1.9 Incinerator Cool-Down 
 
There is nothing to be done here, except ensuring that the incinerator is sufficiently cooled 
(approximately 6 – 8 hours) for the scheduled ash removal prior to the next operation of the 
incinerator. 
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5 Residuals (Ash) Management 
 
When ash is removed from the incinerator, the operator shall undertake the following actions; 

• Ensure that the combustion chamber is sufficiently cool. 
• Do NOT spray water into the combustion chamber. 
• While removing ash, all efforts will be made to avoid plugging the combustion air holes 

and damaging the burner tip.  
• Use non-combustible container (i.e. a used 45 gallon drum which has been inspected to 

ensure no residual materials are present) to store ash. 
• The use of a “remote” thermometer is recommended to check the temperatures in the 

various places in the primary chamber. 
• Remove ash and place in appropriate container. 
• Minimize dust generation – a light water spraying of water on the ash in the container is 

recommended to minimize dust generation. 
• Securely cover ash container.  
• Label exterior of the ash container “Incinerator Ash” with robust labelling. 
• Store the securely covered ash container in an appropriate location. 

 
Suitably labelled containers containing incinerator ash will be temporarily stored in a safe 
location on site until suitable transport is arranged to remove the ash for disposal in an 
appropriate and approved manner.   
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6 Model CY-100-CA-D-O Incinerator 
Maintenance  

6.1.1 Routine Inspection and Maintenance 
 
Routine inspections of the incinerator and associated facilities will be conducted by a qualified 
individual (i.e. trained operator) prior to every use of the incinerator. The inspection will include, 
but not necessarily be limited to:  

• Inspecting all fuel lines, fuel storage facilities and secondary containment for 
leaks and check connections; 

• Inspection of the spark arrestor to ensure no plugging; 
 
During ash removal, the inspection will include, but not necessarily be limited to; 

• Inspect refractory for large cracks (not expansion cracks) 
• Check combustion air hole for plugging 
• Inspect door gaskets for damages 

6.1.2 Additional Maintenance and Inspection 
 
In addition to the routine inspection and maintenance discussed in 6.1.1, the burner(s) and 
the blower(s) require maintenance as specified in the Westland Model CY-100-CA-D-O 
Operating and Maintenance Manual (Attachment A). 
 
Table 1 provides a summary of inspections which will be conducted and the frequency of 
such inspections. 

Table 1:  Model CY-100-CA-D-O Inspections 
Frequency Component Inspection Activity 
Daily  Thermocouples (Primary & Secondary 

chamber) 
Ensure readings are within acceptable “norms” 
of the primary and secondary chamber 
temperatures 

 Contact switches Ensure free movement and no obstruction 
 Gasket/Seal in both “charge” and “ash” door  Ensure proper sealing  
 Actuators (Primary & Secondary chambers) Ensure free movement during incineration 
 Refractory and under fire air holes in primary 

chamber 
Ensure no large cracks 
No restriction of air holes 

Weekly Air blowers (Primary & Secondary chambers) Ensure clean, unobstructed intakes 
Monthly External surface (Primary & Secondary 

chambers) 
Ensure no discolouration  

 Refractory in Secondary Chamber Ensure no large cracks 
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In the event that the inspection identifies an “action item”, operating personnel shall report the 
“item” to their immediate supervisor and appropriate remediation activities will be undertaken as 
soon as reasonably possible and as required.    

6.2 Emissions Monitoring  
 
HBML has implemented an incinerator emissions monitoring program. Under this program, 
emissions monitoring is conducted once per calendar year by a qualified firm retained specifically 
to conduct such monitoring. Monitoring includes the following parameters: 

• Stack volume flow rate; 
• Stack gas temperature; 
• Moisture content; 
• Dioxins; 
• Furans; and, 
• Mercury emissions. 

 
Optional parameters for incinerator emissions monitoring will include; 

• SO2; 
• NO2 
• O2; and, 
• Particulates. 

  
The results of the emissions monitoring will be reported in the Annual Report prepared and 
submitted on or before March 31 of the following calendar year. 
 

6.3 Quality Assurance/Quality Control during Monitoring 
 
HBML will review and approve the QA/QC procedures of the qualified firm retained to conduct 
the air emission prior to such monitoring and provide a summary of those procedures as part of 
the emission monitoring reporting discussed. 
 

6.4 Off-Specification Emissions Quality 

The potential does exist for isolated, short term emissions that do not meet the discharge limits 
due to equipment malfunction or operator error, however, incinerator design limits the potential 
for such occurrences. Notwithstanding this design feature and in order to minimize the potential 
for such an event to happen, specific site personnel will be properly trained and assigned to 
regularly inspect the incinerator and to oversee the effective operation and maintenance of the 
facility. 
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Response to such an event will to identify and correct the original cause and the implementation 
of additional monitoring of the environment to assess the level, if any, of the impact of the 
discharge.  

In the unlikely event that analysis does indicate that a monitoring sample exceeded the specified 
discharge guidelines, HBMC will, as soon as possible upon receiving the analytical results:  

• Re-sample the emissions and submit the sample for appropriate analysis; 

• Conduct a detailed inspection of the entire incinerator and waste stream and all associated 
facilities to identify the cause of the off specification discharge and ensure that the 
facility is operating within the prescribed parameters and operational limits;  

• Correct the original cause; and,  

• If necessary, implement additional monitoring to assess the level, if any, of the impact of 
the off specification discharge. 

Due to the relatively short duration of such a condition, residual environmental effects resulting 
from such an event are likely to be negligible. 
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7 Incinerator Fuel Storage  
The Westland Model CY-100-CA-D-O incinerator is fuelled by a diesel stored in tank located in 
immediate proximity to the incinerator. 
 
The fuel storage, secondary containment and fuel delivery lines will be subject to regular 
inspection as discussed in section 4.1.4. 

8 Spill Response  
 
A site wide Hope Bay Project – Hazardous Substances and Waste Dangerous Goods 
Management Plan that covers all such materials that are or could potentially be located on the site 
has been developed. That plan provides material specific Standard Operating Procedures (SOPs) 
for the handling, transportation, storage and spill response measures for all hazardous substances 
and waste dangerous goods on site, including those associated with the  incinerator,  its fuel 
source and ash management. 
 
Appropriately stocked Spill Response Kits are located in close proximity to the fuel storage area, 
as are relevant Material Safety Data Sheets (MSDS). The spill response kit will be inspected at 
least once every year to ensure that the materials are readily available and not stale dated. Any 
materials used from the spill kit will be replaced as soon as practical after use. 
 
Although the potential for a spill is judged to be low, the potential does exist for such an event to 
happen.  In any and all cases of an unanticipated discharge, spill or upset condition on the site, the 
policy is as follows: 

1. Protect the health and safety of persons in the area.  
2. Protect the environment. 
3. Protect the facility and equipment. 

 
 Generally, in the event that an unanticipated discharge or spill does occur, personnel shall: 

Respond Quickly Without Compromising Health and Safety 
1. Identify spilled material 

BE ALERT – DO NOT COMPROMISE YOUR ON SAFETY OR THAT OF 
OTHERS.  

2. Assess the hazard of persons in the vicinity 
3. Attend to injured if possible and safe to do so. 
4. Assess the character of the spill 
5. Inform immediate supervisor and Site Manager. 
6. Stop product flow if safe to do so 
7. Contain and recover spilled material as soon as possible 
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9 Record Keeping  
A log of incinerator operations will be kept by operating personnel and will include, but not 
necessarily be limited to: 

• Number of loads charged per day to each incinerator; 
• Estimated total volume (in kilograms) of waste incinerated; 
• Affirmation that pre-operational inspections (checks) were completed; 
• Frequency of ash emptying; 
• Estimate of total volume (in kilograms) of ash removed;  
• Ash containment container type; and, 
• Ash container on site storage location. 

 
In addition, the results of the emissions monitoring will be maintained onsite and a record will be 
maintained on site of the number and type of ash containers and total volume (in kilograms) and 
all ash disposal, whether shipped off -site for appropriate disposal or disposed of on site, should 
approval for such disposal be realized. The results will be reported in the Annual Report prepared 
and submitted on or before March 31 of the following calendar year. 

In addition, the site Environmental Coordinator will complete a review of this SOP at least once 
every three years; will update this document as required and submit the updated SOP for review 
and approval by the Exploration Site Superintendent.   

10 Conclusion 
The focus of the management and operation of the incinerators and of this Standard Operating 
Procedure – Incinerator Model CY-100-CA-D-O is on ensuring operator safety and 
environmental responsibility during the incineration of appropriate waste at the Hope Bay 
Project.  

All site personnel charged with the responsibility for operating the incinerators will be 
appropriately trained prior to commencement of work so that they are aware of the health and 
safety risks associated with the incinerator and its operation. 

All reasonable efforts will be made to segregate the waste stream on site to ensure that, to the 
extent possible only those materials suitable for incineration are burned in the incinerator, that 
emissions from the incinerator and residuals (ash) are managed or disposed of in an manner that 
protects the short-, medium- and long-term environment in the project area.   
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Attachment A:  
 
Westland Model CY-100-CA-D-O Operating and Maintenance Manual 

 



 

 

Appendix F 
Incinerator Operations Checklist 
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INCINERATOR OPERATIONS  
CHECK LIST 

1 
Operator Training Completed 

• SOP reviewed 
• Operations and Maintenance Manual reviewed 

2 

Appropriate Personal Protective Equipment Employed 
General 

• Heat resistant long sleeved shirt and long pants; 
• Long cuffed, puncture resistant gloves; 
• CSA approved, Grade 1 safety footwear; 
• CSA/ANSI approved headgear; and, 
• CSA/ANSI approved safety glasses. 
• CSA/ANSI approved full face shield 

Ash Removal 
• NIOSH N85 respirator 

3 Fire Extinguisher Present and Charged

4 

Ash Removal 
• Is incinerator cool 
• Is suitable ash container and container cover available  
• Is ash container label  

5 

Re-Operational Checks Completed 
• Is weather appropriate 
• Inspect fuel level, fuel tanks and connections 
• Inspect all door seals 
• Inspect chambers  
• Inspect air holes and blowers 

DO NOT OPERATE INCINERATOR  IF INSPECTION FINDS AN 
 “ACTION ITEM” 

Immediately report “Action Items” to Supervisor 
6 Incinerator pre-heated (if required) 

7 

Charging Incinerator 
DO NOT OVERLOAD BURN CHAMBER 

• Place waste in incinerator  
• Shut door securely 
• Start incinerator 

8 

Check that Burn is Complete 
• Carefully open chamber and inspect  
• Rake and re-start incinerator if required  
• Re-charge with waste as required and re-start incinerator 

9 
Allow Incinerator to Cool Before Emptying Ash 

• Allow natural cooling 
DO NOT SPRAY WATER IN CHAMBER TO COOL INCINERATOR 
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