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Dear Mr. Sparling; 

RE: INCREASE IN STACK HEIGHT - COST ESTIMATES 
At an information meeting held with representatives from your Department, the Department of 
Energy Mines and Resources, and our company it was decided that we work together to obtain a 
cost estimate for increasing the stack height. 

The results of the dispersion model runs show that under the current operating conditions and 
with an increased height of between 275 - 300 feet that there will be a significant reduction in 
ambient sulphur dioxide ground concentrations. The dispersion results also indicate that this can 
be achieved with no increase in temperature and without any increase in fan blower requirements. 
Therefore, the costs attributed to this reduction, are primarily related to stack height. 

It should be noted that these dispersion runs were undertaken using an average sulphur dioxide 
emission rate of 41.4 tons/day. This average was obtained from mass balance data submitted by 
Royal Oak from results achieved in 1990 and 1994. Royal Oak is quite confident that this number 
provides a good representation of what volumes exit the stack per day. There will be days when 
this number is higher but other days when this number is lower, hence the reason why this number 
was used in the dispersion runs. The range of emission rate is considered to be between 30 and 
50 tons/day. 

The Dillon Mechanical Feasibility study provided a cost estimate for a new 300 foot stack FOB 
delivery to Yellowknife to be in the range of $1.25 - $1.5 million dollars. In a letter submitted by 
Mr. Dave Anthony dated October 17, 1995, he provided a number of $1.9 million dollars for the 
construction of a 300 foot stack. This estimate takes into account a 20% contingency plus 
downtime occurring when the stack is switched over from the old to the new. 
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The costs for a 300 foot stack are based on an actual steel stack, complete with li er and concrete 
foundations. With the stack typically consisting of a number of straight sections of stack 
separated by cones that would reduce the diameter as the stack got higher. 

In summary, it appears from the dispersion modelling conducted and fi'om the Mechanical 
Feasibility study undertaken that a 275 - 300 foot stack would seem the most cost efi‘ective 
solution at this point in time to significantly reduce the ground concentrations of sulphur dioxide. 

Also included are minutes of the meeting held on Februaly 29, 1996. It is requested that these 
minutes be held “confidential” between our company, and your Departments of Renewable 
Resources and Energy Mines & Petroleum. 
We tiust that this information is useful in addressing certain questions raised at several meetings 
that pertained to the improvements of air quality in the Yellowknife area. Should you have 
finther questions, please feel flee to contact the undersigned at (403) 669-3729. 

Yours sincerely; 

Erik Madsen 
Superintendent Environmental Services 
NWT Division 

c.c. Mr. Graham Nicholls - Deputy Minister EMPR 
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*** Confidential*** 

MINUTES OF MEETING - FEBRUARY 29, 1996 
INFORMATION MEETING - SULPHUR DIOXIDE EMISSIONS - GIANT 

In Attendance: 
Sadek El-Alfy - Vice President Operations: Royal Oak 
John Stard - Mine Manager: Giant 
Phil MacIntyre - Mill Superintendent: Giant 
Erik Madsen -Environmental Superintendent: Giant 
Joe Handley — Deputy Minister: Renewable Resources 
Graham Nicholls - Deputy Minister: Energy, Mines & Petroleum 
Emery Paquin - Director: Environment Protection Division 
Jim Sparling - Air Quality Specialist: Environment Protection Division 
Mike Cunningham - Director: Energy, Mines & Petroleum 
A meeting was requested by the two GNWT Departments to meet with Royal Oak 
representatives in order to obtain an update on where Royal Oak stood on the issue of sulphur 
dioxide emissions. As well, the GNWT wanted to provide Royal Oak with an update on “draft” 
regulations they were preparing. 

Joe Handley stated that the public and other interest groups want something to be done about 
emissions. He Indicated that this has been a heated issue over the last few years. Renewable 
Resources are looking at coming out with “draft” regulations for sulphur dioxide emissions in the 
near future. The GNWT wants to work with Royal Oak to enure that some action is undertaken 
to reduce levels, knowing that what ever is done will never please all parties involved. 

Sadek El-Alfy outlined the current situation at the Giant Mine. Basically have 3 -5 year life 
remaining. Explained that Royal Oak was presently undertaking an aggressive exploration 
program not only on site but in the surrounding areas of Yellowknife (ie Mirage Islands). It was 
indicated that Nicholas Lake may be brought into production as early as 1997/98. 

The discussion of introducing an autoclave to the site was questioned. Sadek clearly stated that 
an autoclave is a large scale event, very costly, and that the current reserves cannot justify an 
autoclave. He did however indicate that should a “new — large” orebody be found, an autoclave 
would seriously be looked at. 

The discussion then turned to the dispersion modelling work that had been jointly fiinded between 
Renewable Resources and Royal Oak. Jim Sparling then indicated from the model runs 
conducted that it appears that a stack between 275 - 300 feet will greatly reduce the ambient 
sulphur dioxide ground concentrations. This reduction also did not require extra heat nor 
increased blower fans. Therefore, the costs would basically be around $1.5 million. It was 
indicated that these numbers came fiom the Dillon Mechanical Feasibility Report - Royal Oak 
commissioned.



Graham Nicholls questioned the numbers that Erik Madsen had earlier discussed with him, stating 
that they were in the range of $4.0 million dollars. It was indicated by Erik Madsen that this cost 
was discussed prior to the final dispersion model runs being obtained. As well, the $4 million was 
basically based on the worst case scenario. Which would be a 400 foot stack, larger fan blowers 
required as well increased temperature, requiring a heater, and annual propane costs. 

Sadek then questioned the fact that Environment Canada was reviewing arsenic emissions and 
possibly developing regulations. He was concerned that Royal Oak would build a 275 foot stack 
which would be acceptable to the GNWT but not acceptable to Environment Canada. Explained 
we would rather want to shop at “one store” and ensure that we have pleased both parties. 

Emery Paqujn explained that they are working with Environment Canada and are receiving 
regular updates on where they stand with the arsenic issue. Supposedly they are going to release 
a report on arsenic by the end of March if all goes well. 

Erik Madsen questioned that Environment Canada usually does not develop Regulations that are 
site specific to one area of Canada - they are usually nation wide. In this case, they are looking at 
Regulations that would be site specific to the roaster a the Giant Mine, something that should be 
applied Canada wide. Canada wide Regulations require consultation in every province and 
territory, which would take years to complete. 

The discussion then turned to the “drafi” regulations being developed by the GNWT. It was 
explained that once the draft is completed (whether it be weeks or months) that it will go out for 
consultation (other government agencies, industry, and public). Joe Handley made the comment 
that should the arsenic emission rate not be an issue that they would proclaim the sulphur dioxide 
regulation once the consultation process is over. They would then give Royal Oak a deadline - 

period of time to meet new Regulation. 

Erik Madsen questioned as to what limits would be used in the “draft” regulation and what these 
limits were based on. Emery Paquin indicated that they feel that they have a good understanding 
on what the current levels are being released fiom the mass balance numbers they received from 
Royal Oak. Erik Madsen then mentioned that Royal Oak was looking at purchasing a continuous 
sulphur dioxide monitor. 

Joe Handley indicated it would be nice to continue working with Royal Oak to prep are an action 
plan to reduce emissions. He stated that it is apparent that the public wants something done, it is 
also recognized that with current reserves an autoclave is out of the question. Turning to 
dispersion (raising of the stack or building a new stack) as the best option at the moment. Mike 
Cunningham questioned if this dispersion would be acceptable to the two O’s (Chris O’Brien and 
Kevin O’Reilly. Joe Handley reiterated what he at said earlier, whatever is done, it will never 
please everyone.



Sadek stated that Royal Oak will know the results of their extensive exploration program by mid 
1997 and will have an idea if there is a “new ore body”. 

In the meantime Erik Madsen and Jim Sparling are to work together to clarify the costs required 
for the stack height increases in order to reduce ambient sulphur dioxide ground concentration 
levels. It appears that a height of between 275 - 300 feet will produce these reductions. 

a flé/M 
Eiik Madsen 
March 11, 1996
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Mr. Mike Werner 
Mine Manager 
Royal Oak Mines Inc., Yellowknife Division 
PO. Bag 3000 
Yellowknife, NT XlA 2M2 

Dear Mr. Werner; 

Attached please find a copy of a report titled AN INVESTIGATION OF ATMOSPHERIC EMISSIONS 
FROM THE ROYAL OAK GIANT YELLOWIQVIFE MINE. This report contains the technical findings of 
the investigation undertaken by Renewable Resources staff in response to a request made on 22 
April 1991 under the Environmental Rights Act. Field studies undertaken for the investigation 
were completed by the end of 1992. 

The investigation concluded that Royal Oak Giant Yellowknife mine roaster stack emissions are 
the most significant source of arsenic found in Yellowknife air. Since the late 1940’s when 
operation of the roaster started, improvements have been made at the mine to control and reduce 
arsenic emission rates. Close to 99% of the total arsenic is now filtered from the roaster gases, 
leaving 20 to 30 kilograms of total arsenic that are released to the atmosphere each day. 

Since 1988, total arsenic levels detected in downtown Yellowknife air on average has been less 
than 0.01 micrograms per cubic metre (g/m3). The Ontario 24 hour average total arsenic limit 
of 0.3 pig/m3 has only been exceeded on two occasions since 1978 and both of those high 
measurements were recorded in 1988. Continued maintenance and operation of arsenic emission 
control equipment remain of critical importance if the current low levels of arsenic in 

Yellowknife air are to be sustained. 

.../2 

Government of the Northwest Territories, Yellowknife. NWT. Canada XiA 2L9 FAX 873-0140 

56 I: 114056;.)



1);“, 2,, 454291 soas team/aim, 

~~~ 
The Royal Oak Giant Yello 'fe Mine roaster stack is the major source of sulphur dioxide 
(802) in Yellowknife air. resently, SO2 emission rates from the roaster stack are considered 
to be in the range of 50 to 65 tonnes per day. It was the only identified source contributing to 
SO2 levels found to the north of the mine. In Yellowknife to the south of the mine, the roaster 
stack is the major source of SO2 but there are also minor sources that contribute to detectable 
background levels. 

Monitoring in downtown Yellowknife showed that levels of SO2 in populated areas periodically 
exceed national air quality objectives when the wind blows from the north. When elevated SO2 
levels do occur, these episodic events usually last for a short period. Elevated levels are also 
occurring in other directions from the roaster stack. 

Damage to trees from high levels of 802 was found along the Vee Lake Road as far north of the 
roaster stack as 5 kilometres. This is within the range where elevated SO2 levels were 
measured. 

Although no recommendations for actions have been included in this report, the findings of the 
investigation will now be considered by this Government to determine if measures need to be 
undertaken to protect the environment. If you wish to discuss the findings of this investigation 
or what actions should be considered by Royal Oak Giant Yellowknife Mine, please do not 
hesitate to contact Mr. Emery Paquin, Assistant Director of the Environmental Protection 
Division in Yellowknife at 873-7654. 

Sincerely, 2” 
Titus Allooloo 

Attachment
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INTRODUCTION 

An investigation of arsenic and sulphur dioxide emissions from the roaster stack at the 
Royal Oak Giant Yellowknife Mine was undertaken by the Department of Renewable 
Resources after a request for an investigation under the Environmental Rights Act was filed 
with the Government of the Northwest Territories on April 22, 1991. This report contains 
the technical findings of that investigation. 

The objective of the investigation was to measure pollutant levels resulting from arsenic and 
SO2 emissions from the Royal Oak roaster stack and to determine the degree of impact 
these pollutants may be having on vegetation. 

Specific objectives for the investigation are listed below. 

A Determine as closely as possible roaster stack emission rates for arsenic and 50,. 

B Determine the fate of arsenic and SO2 dispersed to the environment and estimate the 
concentrations and total loading within the dispersal zone. 

C Determine the cause of vegetation damage observed in the vicinity of the Royal Oak 
Giant Yellowknife Mine. 

The City of Yellowknife, capital of the Northwest Territories (see Figure 1), was established 
shortly after gold was discovered in the area in 1936. Yellowknife is now a modern city with 
a population of over 15,000 residents. Gold mining continues to play an important role in 
the local economy and is presently mined and smelted at two mines, the Royal Oak Giant 
Yellowknife Mine located about 5 kilometres north of the city and the N erco Con Mine at 
the southeastern edge of the city. 

The rocky Precambrian Shield landscape of the northern shore of Great Slave Lake, on 
which Yellowknife is situated, is covered by boreal forest. At this latitude (62° N), there are 
about 20 hours of sunlight per day in June and about 4 hours a day in December. The 
treeline lies about 150 kilometres to the northeast of Yellowknife. With a dry sub-arctic 
climate, the mean annual temperature in Yellowknife is -5.4° C. The monthly mean 
temperature is 16.3° C in July, the warmest month and -28.8° C in January, the coldest 
month of the year. Total precipitation averages 267 millimetres per year. The prevailing 
wind direction is from the east. except in June, July and August when the prevailing 
direction is from the south and in January when it is from the northwest.
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Arsenic and Sulphur Dioxide Emissions 

Both sulphur dioxide and arsenic have been released into the Yellowknife environment since 
gold mining activities started, and in past years, emission rates were considerably higher than 
they are now. Presently, the Royal Oak Giant Mine contributes the bulk of arsenic and 
sulphur into the Yellowknife environment. 

Royal Oak roaster stack emissions of arsenic trioxide (A5203) and sulphur dioxide (802) are 
by-products of the roastn process used to produce gold. Pulverized ore burns in the 
roaster at high temperatures fuelled by the high sulphur content of the ore. SOa emissions 
from the 45 metre high Royal Oak roaster stack have not been controlled and are released 
directly into the atmosphere. 

The first electrostatic precipitator was installed in 1951 to control arsenic emissions from 
the Royal Oak Giant Yellowknife mine. A number of improvements since that time,
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including the installation of a baghouse dust collector, have further reduced the rate of 
arsenic emitted from the roaster stack. Dust captured by the electrostatic precipitator is 
processed to remove the gold it contains, and then the A3203 wastes from it and the 
baghouse are stored underground. 

Nerco Con Mine started controlling arsenic emissions in 1949 when a wet scrubber system 
was installed on their roaster stack and improvements to their arsenic control system were 
made on a number of occasions in later years. Roaster stack emissions of A5203 and SO2 
from the Nerco Con Mine ceased in 1970 when, due to reduced sulphur content in the ore 
as the mine extracted ore from greater depths, the roasting equipment was no longer 
needed. 

Arsenic is emitted from gold masters in a fully oxidized form, principally as As._,03. Below 
temperatures of 193°C, A5203 is a solid and exists in the atmosphere as suspended 
particulate matter. Small amounts of other forms of arsenic are emitted, and a number 
more forms are found in the environment including the natural forms. Usually total arsenic 
is measured in environmental studies because A5203 can be diffit to isolate and analyze 
in the laboratory. 

Arsenic in the environment is of concern because at high enough concentrations, some forms 
of arsenic are toxic. A5203 is one of these toxic forms and is also a suspected carcinogen. 

Some SO2 is emitted in Yellowknife through the combustion of fossil fuels for heating, 
vehicle operation and electricity generation. These emissions are estimated to be low, but 
do create detectable background levels of SO2 in Yellowknife air. The Jackfish Lake power 
plant has an annual SO2 emission rate (estimated to be 30 tonnes/year based on fuel 
consumption rates and average sulphur content of fuel) that is less than the daily emission 
rate from the Royal Oak roaster stack. 

SO2 is a very reactive gas that corrodes many materials including living tissues. The total 
dose received by a particular receptor is determined by ambient SO2 levels and exposure 
times. Studies in other parts of Canada and the world have shown that SO2 can be carried 
hundreds of kilometres away from the source when it dissolves into water droplets. In the 

atmosphere, SO2 tends to be converted within a few hours or days to the sulphate ion (504') 
when it dissolves in water droplets in the atmosphere. Sulphate ions contribute to the "acid 
rain" problems being experienced in many parts of the world.
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Task Force on Arsenic 

During the mid 1970’s, a Canadian Public Health Association (CPHA) Task Force 
conducted a comprehensive study of the short and long term effects of arsenic exposure in 
Yellowknife. All sources of arsenic in Yellowknife were reviewed along with all routes of 
human exposure, including air, water, soil, vegetation and fish. The broadly focused study 
also reviewed occupational exposure to arsenic. CPHA released their report outlining the 
activities, findings, conclusions and recommendations in 1977. 

It was the opinion of the Task Force that, with respect to arsenic, the quality of ambient air 
in the Yellowknife area at that time was acceptable. They made a number of 
recommendations regarding arsenic in Yellowknife air. 

1. THAT a continuing atmospheric monitoring program be conducted by the 
Government of the Northwest Territories, in cooperation with the Environmental 
Protection Service (Environment Canada). 

8. THAT Giant Yellowknife take immediate steps to reduce arsenic air emissions by 
commencing application of the best available technology even before this application 
becomes mandatory. 

9. THAT Giant Yellowknife obtain appropriate stack testing equipment as soon as 
possible and that baseline stack monitoring be conducted. 

Regulatory Limits for Arsenic and Sulphur 

There are no regulations or standards in place to limit emission rates of air pollutants from 
the Royal Oak Giant Yellowknife Mine, including emissions of arsenic and 502. Arsenic 
emission rates from gold roasters were reviewed in 1979 and regulated limits under 
Environment Canada’s Clean Air Act were considered but were never promulgated 
(emission rates of arsenic from the Royal Oak stack have been below the proposed limits 
since a major retrofit of control equipment was voluntarily undertaken in the mid 1970’s). 

Arsenic and its compounds are presently being assessed by Environment Canada and Health 
and Welfare Canada to determine whether these substances are "toxic" according to the 
definition under the Canadian Environmental Protection Act (CEPA). If arsenic and its 
compounds are found to be "toxic" according to the definition under the Act then they are
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to be placed on Schedule 1 of the Act which allows for the making of regulations to control 
any aspect of their life cycle, from the research and development stage through manufacture, 
use, storage, transport and ultimate disposal. 

At the present time there are no national ambient air quality objectives for arsenic. Ontario 
is the only jurisdiction in Canada that has set a limit for arsenic in ambient air, a 24 hour 
average of 0.3 micrograms of total arsenic per cubic metre (pg/m3). 

National 802 ambient air quality objectives have been established under the CEPA and are 
listed in Table 1. These objectives provide guidance only and are not legally enforceable. 

Table 1: Ambient air quality objectives for SO2 under the Canadian Environmental 
Protection Act. 

1: an: 
Sulphur digidde one hour 24 hour annual 

ug/m 
Desirable 450 150 30 

Acceptable 900 300 60 

Tolerable - 800 .
:~ 

The man'mum desirable level is the long-term goal for air quality and provides a basis for an 
antidegradation policy for unpolluted parts of the country, and for continuing development of 
pollution control technology. 

The maximum acceptable level is intended to provide adequate protection against effects on soil, 
water, vegetation, materials. animals, visibility, personal comfort and well-being. 

The maximum tolerable level denotes time-based concentrations of air contaminants beyond which, 
due to a diminishing margin of safety, appropriate action is required without delay to protect the 
health of the general population.
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STACK EMISSION RATES 

Roaster stack arsenic emission rates for the years 1949 to 1974 were reported by the CPHA 
(1977) and those emission rates are shown in Table 2. Results from stack emission surveys 
conducted from 1975 to 1991 are provided in Table 3. Emission rates from the mine are 
considered to vary over time because of the variability in production rates and ore 
concentrations. 

Significant decreases in reported arsenic emission rates occurred following control 
equipment improvements made in 1951, 1954, 1958 and 1974. Prior to 1951 when a cold 
electrostatic precipitator was installed at the mine there was no arsenic control equipment. 
A hot electrostatic precipitator was added in 1955 to take some of the load. A Dracco 
baghouse gas filter was installed in 1958 and the original cold electrostatic precipitator was 
converted to a hot mode of production in 1962. Starting in the mid 1970’s a major retrofit 
of the control equipment was undertaken and improvements were made in operation and 
maintenance procedures. 

Stack sampling is a commonly used technique for determining stack emission rates although 
the results are accurate for the period of sampling only. Stack sampling was conducted at 
the Royal Oak roaster stack in 1991 under contract to the Department of Renewable 
Resources by Western Research in August and by Entech Environmental Services Ltd. in 
October. The purpose of these surveys was to determine the emission rates of arsenic and 
SO2 from the gold roaster stack. Results from these stack emission surveys conducted in 
1991 are included in Table 3. 

Sampling and analysis for arsenic in August and October were conducted as per the 
Environment Canada standard reference method, Measurement of Emissions of Arsenic from 
Gold Roasting Operations, Report EPS I-AP-79-1. In this method, an integrated sample of 
particulate and gaseous arsenic stack emissions are withdrawn isokinetically from a number 
of traverse points along the stack cross section. This provides a representative sample from 
within the stack where flow rates and temperatures vary across the width. 

In August, SO2 was sampled in an absorbtion train utilizing 6% hydrogen peroxide solution. 
The subsequent analysis of these samples was performed on an ion chromatograph. In 
October the SO2 determination was conducted as per the Environment Canada method EPS 
I-AP-74-3. On both occasions the sample was extracted isokinetically from a point near the 
centre of the stack.
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Table 2: Arsenic emission rates from the Royal Oak Giant Table 3: Roaster stack emission surveys, 
Yellowknife Mine roaster stack, 1949 to 1974. 1975 to 1991. 

YEAR ARSliNlC SOURCE YEAR ARSENIC SOURCE DATE ARSENIC SO2 SOURCE 
kg/day kg/day kg/day t/day 

1949 7.300 estimate 1962 150 estimate Aug. 1975 76.1 - EPS 

1950 7,300 estimate 1963 150 estimate Aug. 1981 17.5 - EPS 

1951 7.3110 estimate 1964 310 company Aug. 1981 17.8 - company 

1952 - 1965 - Dec. 1982 13.2 - company 

1953 - I966 240 company July 1983 27.1 32.2 131’s 

1954 5.500 company 1967 130 company Nov. 1985 24.2 - company 

1955 2,901) company 1968 230 company Nov. 1986 24.3 - company 

1950 2,701) company 1969 300 company Sept. 1988 185.01 - company 

1957 3,000 company 1970 220 company Oct. 1988 232.81 - company 

1958 1.500 estimate 1971 880 company Oct. 1989 26.4 - company 

1959 52 company 1972 400 company July 1990 - 35.0 Contract 

1960 75 company 1973 400 company Aug. 1990 37.1 - company 

1961 150 estimate 1974 220 company July 1991 15.2 - company 

Aug. 1991 59.0 82.9 Contract 
TablefromCl’HA 1977. 

Oct. 1991 25.9 49.5 Contract 

NU"! 1. High emission rates for arsenic measured by mine personnel 
in 1988 likely resulted from bag house operational difficulties 
being encountered during the testing periods.
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ARSENIC MONITORING 

High volume air sampling 

Table 4 contains a summary of measurements made of total arsenic levels in downtown 
Yellowknife air from 1973 to 1992. The annual geometric mean total arsenic levels from 
1973 to 1992 are shown in Figure 2. Daily levels of total arsenic measured since 1984 have 
been below the Ontario standard of 0.3 ,ug/m3 except for two occasions in 1988, the year 
that baghouse malfunctions and high arsenic emission rates were reported. 

From 1973 to 1975, Environment Canada conducted an ambient air monitoring program in 
the Yellowknife area (see Hazra and Prokopuk 1977). Three high-volume air samplers were 
operated in all 3 years and 6 more samplers were added in 1975. The levels reported in 
Table 4 and Figure 2 for 1973-75 are for samples which were collected at the station in 
downtown Yellowknife. Elevated arsenic levels were detected more frequently at stations 
in closer proximity to the roaster stack. Hazra and Prokopuk concluded that the mine was 
the main source of arsenic emissions to Yellowknife ambient air. 

High-volume samples were collected by Environment Canada in downtown Yellowknife 
between July 1978 and June 1979. Edwards and Kent (1979) reported that there had been 
a substantial reducrion in total arsenic levels in ambient air from 1975 to 1978. 

Atmospheric levels of total arsenic have been monitored in downtown Yellowknife since 
1984 in conjunction with Environment Canada’s National Air Pollution Sampling (NAPS) 
network. The Environmental Protection Division took over operation of the sampler at the 
end of 1986. The high-volume air sampler in downtown Yellowknife is operated every six 
days. Samples are collected over a 24 hour period by "vacuuming" a measured volume of 
air through an 8 by 10 inch fibreglass (PALLFLEX) filter that collects particles from the 
passing air. Exposed filters are sent to the River Road Environmental Technology Centre 
(RRETC) Chemistry Division in Ottawa for analysis of total arsenic by acid extraction of 
the sample filter followed by hydride generation and detection by atomic absorption. 

Declines in total arsenic detected in Yellowknife air correspond with equipment and 
operational improvements at the mine. Levels in Yellowknife dropped in the mid 1970’s 
after the control equipment was extensively overhauled. A further reduction in levels 
detected since 1988 is thought to be the result of improved maintenance and operation of 
control equipment.
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Table 4: Total arsenic levels in downtown Yellowknife, 1973-75 and 1984-92. Results 
expressed in ,ug/m3. 
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Snow surveys 

In 1975, Environment Canada conducted a survey to determine total arsenic deposition rates 
to snow in the Yellowknife area (Hazra et a1 1977). Snow core and snow scoop samples 
were taken in March and April 1975. From these samples it was estimated that the mean 
deposition rate of total arsenic to snow in the Yellowknife area was 2.23 kg/k/month. 

Arsenic levels in snow were highest in close proximity to the mine and decreased with 
distance in 1975. Hazra et al found that the average concentration of total arsenic in melted 
snow core samples was 0.17 milligrams per litre (mg/l). Many of the snow water samples 
collected in 1975 exceeded the maximum permissible level of 0.05 mg/l of total arsenic 
under the Canadian Drinking Water Standards and Objectives. The Canadian Public Health 
Association (1977) concluded that the use of snow at that time from the Yellowknife area 
as a source of drinking water could constitute a serious health hazard. 

In 1986, Stanley Associates Engineering Ltd. carried out a snow core survey under contract 
to the Department of Renewable Resources. Approximately the same sites as those used 
in the 1975 survey were visited and a considerable reduction in total arsenic deposition rates 
was found. Average deposition rates of total arsenic to snow at sites sampled in March 1986 
were 0.40 kg/kmz/month and average snow water concentrations were 0.028 mg/l. Sites 
where samples exceeded the Canadian Drinking Water Standard were located to the south 
and southeast in close proximity to the mine and did not extend to populated areas. 

SO2 MONITORING 

Lead candle network 

In October of 1990, a SO2 monitoring network consisting of 16 lead candles located within 
4 km of the Royal Oak roaster stack was established by mine personnel under a one year 
cost sharing agreement between the Department of Renewable Resources, Environment 
Canada’s Conservation and Protection Branch and Royal Oak. The locations of lead candle 
network sampling sites were selected by mine personnel and they installed and changed the 
candles every month. All sampling stations in the network were located on the mine site 
except for one which was 4 km north of the mine along the Vee Lake Road (see Figure 3). 

Lead candles operate on the principle of exposing filters impregnated with a known amount 
of lead dioxide (PbOZ) to the atmosphere for a period of time. PbO2 reacts with SO2 at a
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uniform rate to form PbSO4. At the end of the exposure period the devices are returned 
to the laboratory and the level of total sulphation is determined. Total sulphation is 

measured as sulphite equivalents in milligrams per day per 100 square centimetres (SO3 eq. 
mg/day/ 100 cmz). 

Lead candles are used as a simple and inexpensive method to assess if high ambient levels 
of SO2 in the air may be occurring. They provide a relative indication of ambient SO2 levels 
at the sampling site over the exposure period. In Alberta, readings greater than 0.5 SO3 eq. 
mg. / day/ 100 cm2 trigger further investigation to determine ambient SO2 levels using more 
accurate techniques. Lead candles are also useful for identifying deposition trends over 
seasons or years and for identifying geographical patterns of sulphur deposition. 

Results for all stations in the lead candle network during the year it was in place are 
provided in Table 5. Readings higher than 0.5 SO3 eq. mg./day/ 100 cm2 for at least one 
month were reported at 6 stations. Overall, the lowest readings occurred during the months 
of December, January and February. Readings at some individual stations did deviate from 
this general rule, especially station 5 (0.7 km SE) which had high readings in most months. 

The annual average sulphation readings for all stations are plotted against distance in Figure 
4. Stations in the lead candle network that had the highest annual average readings were 
between 0.4 to 1.0 km from the roaster stack. Peak readings (i.e. > 0.5) also occurred within 
this range. 

Figure 5 is a graphical presentation of monthly readings for 6 lead candle stations shown 
here to demonstrate differences in readings from distance and direction. The stations at 0.7 
km had higher readings and showed more variability in monthly levels over the year than 
the readings obtained at about 1.5 km. Lead candles located in different directions but at 
the same distance from the stack received different levels of 802. This variation is likely 
due to wind patterns and other changeable weather conditions.
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Table 5: Lead candle network results, October 1990 to September 1991. 
Results expressed as total sulphation (SO3 eq. mg/ 100 cm2) per day. 
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Lead Candle Data vs Distance 
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Figure 5 Monthly lead candle readings showing differences in levels resulting from 
distance and direction from stack.
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Diffusion Plate Network 

Following completion of the lead candle network program, a network of 20 diffusion plates 
was established by the Department of Renewable Resources and was operated from 
November 1991 until November 1992. The diffusion plate network was positioned to cover 
a larger area than the lead candle network, with sampling sites as far away as 34 kilometres 
from the roaster stack (see Figure 3). Computer model (ADEP'I‘Z) calculations of ambient 
SO2 levels were used to guide selection of sampling site locations. 

The diffusion plate technique used in this study was developed by the Alberta 
Environmental Centre and is a more accurate method for measuring monthly SO2 levels 
than lead candles. The plates are based on the same principle as lead candles but use 
potassium carbonate (K2C03) instead of lead dioxide (PbOz) as a reactive substrate to 
eliminate sources of laboratory error. Diffusion screens used in these devices minimize the 
effect of wind velocity on 502 uptake and these devices have been shown to be independent 
of air temperature between minus 40° to plus 40° C (see Bertram et a1 1988 for a more 
complete description). 

Diffusion plate holders were placed 2 metres above the ground at sites generally located on 
rock outcrops. Care was taken to avoid locating sample sites within heavily wooded areas 
because vegetation will intercept air pollutants and reduce ambient levels. Diffusion plates 
were changed monthly, as soon as possible after the 20‘h of each month for operational 
reasons. Thus, the plates did not measure levels in exactly the month for which the results 
are reported, but rather include the last week of the previous month and exclude the last 
week of the reported month, i.e. August = July 20 to August 20. 

Diffusion plates used in Yellowknife were calibrated at the Alberta Environmental Centre 
in Vegreville by exposing a set of diffusion plates from the same batch adjacent to an 
annular denuder, a very accurate device for measuring ambient concentrations of 502. The 
ambient SO2 level measured by the annular denuder (in pg per litre) was compared to the 
level for that same period measured by the diffusion plate (in pg per minute) allowing 
calculation of the diffusion plate draw rate in litres per minute. The draw rate calculated 
by the Alberta Environmental Centre for the diffusion plates used in Yellowknife was 
determined to be 0.288 litres/minute. Using this measured draw rate, the monthly plate 
readings provided by the laboratory (measured in milligrams of SO4 per plate) were 
converted into monthly ambient average levels of SO2 in ug/m3.
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The ambient SO2 levels detected by the diffusion plate network are provided in Table 6. 
Data is missing in some cases because the diffusion plates were blown out of the holders by 
high winds. April was the worst month for wind when 6 plates were lost. Wind losses after 
April were eliminated when clips were installed to anchor the plates in the holders. Plates 
at stations 1, 10, 11 and 16 were exposed for 2 continuous months for June /July and 
September/ October. The plate at station 2 for June/July was spoiled and the station was 
deleted from the network after August so that the plate could be installed at the new station 
21 for the remainder of the study. 

In general, SO2 levels were found to be highest during the warm months of May, June, July 
and August although this trend was not as distinct at stations 11 to 14 which were located 
to the south of the roaster stack. 

The annual average 502 levels measured by the diffusion plates are plotted against distance 
from the roaster stack in Figure 6. The highest levels measured by the diffusion plates were 
within 3 km of the roaster stack Between 3 to 5 km a middle range of levels was detected 
and beyond 5 km levels were much lower. 

SO2 levels along 3 transects are displayed in Figure 7. To the south and southwest, peak 
SO2 levels were measured at 1 km and were much lower at 4 km. To the north the pattern 
was different with levels at 4 km found to be higher than at 1 km. Peak concentrations to 
the north occurred farther from the roaster stack, and higher SO2 levels persisted farther 
than they did in other directions. This difference in deposition patterns may be due to 
different characteristics of winds coming from the south off Great Slave Lake, compared to 
winds coming over land from the other directions.
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Table 6: Diffusion plate network results, December 1991 to November 1992. Results expressed as yg/m’ of 802. 
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Sulphur Dioxide Levels vs Distance 
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Figure 7 Monthly SO2 levels measured by diffusion plates along 3 transects.
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Ambient monitoring 

Continuous ambient air monitoring for S02 was conducted in downtown Yellowknife by 
Environment Canada from 1973 to 1975. Two more monitors were operated during the 
summer of 1975, one on Latham Island and another 2 km north of the roaster stack. The 
results of this monitoring were reported by Hazra and Prokopuk (1977). Analysis of 
monitoring results and wind patterns led Hazra and Prokopuk to conclude that the roaster 
stack was clearly the major source of SO2 emissions in the Yellowknife area. 

Hazra and Prokopuk reported that SO2 concentrations in ambient air around Yellowknife 
during the study period did not exceed the annual arithmetic mean Maximum Desirable 
National Air Quality Objective of 30 ug/m3 although one hour ambient concentrations 
occasionally exceeded the one hour Maximum Desirable Level (450 ug/m3) and rarely 
exceeded the one hour Maximum Acceptable Level (900 ug/m3). Individual one hour values 
were higher than 450 ug/m3 0.12% of the time in 1973, 0.25% in 1974 and 0.48% in 1975. 

In the fall of 1990, Western Research was hired by the mine to monitor ambient SO2 levels 
on the mine site 1.5 kilometres north of the roaster stack on a tailings pond. Between 
September 19 to October 22, a Monitor Labs 8850 S02 analyzer was operated. SO2 was 
nearly always detected when a direct south wind blew during this period, was generally 
detected when winds blew from approximately a 90° sector between SSE and WSW and was 
not detected when winds blew from the north. During the sampling period, SO2 levels rose 
above the 24 hour Maximum Desirable Level (150 ug/rn3) once. The one hour Maximum 
Desirable Level was exceeded 7 times and the one hour Maximum Acceptable Level was 
exceeded once when the one hour 803 level rose to 1.678 .ug/ m3. 

During the months of August to November 1992, the Environmental Protection Division 
operated a Monitor Labs 8850 SO2 analyzer in downtown Yellowknife through the 
cooperation of the Pollution Measurement Division (PMD), Environment Canada, Ottawa. 
The analyzer was calibrated in Ottawa by the PMD before being shipped to Yellowknife and 
was recalibrated by the PMD in Ottawa at the end of the survey. Materials and equipment 
used for the calibrations were traceable to the National Institute of Standards and 
Technology (NIST) standards. During the survey the analyzer zero and span were verified 
on a weekly basis to ensure that readings remained accurate.
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I 
. Table 7: Summary of SO2 monitoring results in downtown Yellowknife for August, 

' September. October and November 1992. 

One hour levels exceeding the desirable limit (450 ug/m3 SOZ): 
Dece Time 50, (us/m3) Wind Direction 

August. 26 00:00 469 net. 
September 2 06:00 511 m 
Septuber 2 07:00 761: north 
September 2 20:00 538 north 
September 2 22:00 623 north 
September 3 08:00 637 north 
October 26 16:00 511 NH}: 

October 26 17:00 1.71. m 
November 1 21:00 610 north 
November 2 07:00 895 north 
November 6 10:00 55k NNE 
November 13 13:00 493 NE 
November 17 11:00 #55 north 
November 18 14:00 517 NNE 
November 18 15:00 900 north 
November 21 18:00 490 north 

One hour levels exceeding the acceptable limit (900 ug/m3 SOZ): 
Dete Time SO, (us/m’) Wind Direction 

September 26 21:00 1516 south 
November 13 12:00 92!. NE 
November 16 12:00 1057 north 
November 21 19:00 1212 NNW 

24 hour levels exceeding the desirable limit (150 ,ug/m3 503): 
Data SOz (us/m”) Wind Direction 

September 2 168 north 

The 1992 monitoring results are summarized in Table 7. On 16 occasions (0.68% of the 
time) between August to November, the one hour Maximum Desirable Level (450 ug/m3) 
was exceeded and on 4 occasions the one hour Maximum Acceptable Level (900 ug/rn3) was 
exceeded. The 24 hour Maximum Desirable Level (150 ug/m3) was exceeded once.
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Wind measurements taken at the Yellowknife airport by Environment Canada’s 
Atmospheric Environment Service were used to evaluate the source(s) of 302. One hour 
SO2 levels measured over 4 months were sorted according to wind direction for 36 points 
on the compass. Measured levels for each of the 36 wind directions were then averaged. 
The results of this evaluation are shown in Figure 8.

~ Average§O—2 .evel vs Wind fiirection 
Downtown Yellowknife, August to November 1992 
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Figure 8 

The highest average SO2 levels occurred when winds carried emissions from the roaster 
stack at 10° north directly to the monitoring site. Winds from this direction carried 
detectable levels of SO2 64% of the time compared to 30% for all directions. As the 
emission plume travels downwind from the roaster stack it spreads out and Figure 8 shows 
that northerly winds in general carried higher levels of SO2 than winds from other directions. 

SO2 from the south was rarely detected. but it was the direction from which the highest 
hourly level detected came during the 4 month monitoring period (1,516 ,ug/m3 on
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September 26, see Table 7). The source(s) of infrequent bursts of high SO2 levels from the 
south have not been identified. SO2 from the cast was rarely detected during August 
through October but by November low levels were frequently detected when winds blew 
from the east. Low levels from the east, west and south appear to originate from fuels 
burned in furnaces and vehicles in Yellowknife. 

When the SO2 analyzer was installed, the diffusion plate from station 2 was relocated 
adjacent to the sample intake. Diffusion plate readings from this station, renumbered 
station 21, are compared in Table 8 with average SO2 concentrations measured by the 
analyzer over the same periods. There was reasonable agreement between the two 
detection methods. Average levels measured by the analyzer are expected to be somewhat 
lower than levels measured by the plates because the analyzer does not measure below the 
detection limit of 2.7 ug/m3 (0.001 ppm) whereas the diffusion plates will react with and 
measure SOZ present at any level. 

Table 8: A comparison of diffusion plate readings and SO2 analyzer readings (fig/m3). 

Sept Oct Nov Average 

SO2 analyzer 19 11 19 16 

Diffusion 26 11 34 24 
plate =1 

COMPUTER MODELLING OF SO2 DEPOSITION 

The Alberta Deposition Model with Terrain (ADEPTZ) computer model developed by 
Alberta Environment was used to estimate long term (seasonal) average concentrations and 
deposition of SO2 within 100 km from the roaster stack. The model inputs include 
meteorological data measured by the Atmospheric Environment Service of Environment 
Canada and emission rates determined from stack emission surveys. The model calculates 
SO2 and SO4 ambient concentrations in ,ug/m3 and deposition rates in kg/ hectare for 16 
points on the compass, broken into seasonal and yearly rates. 

Meteorological information used in the model were averages of measurements (STAR data) 
taken over the 5 year period of 1984 to 1989 at the Yellowknife airport by the Atmospheric



ATMOSPHERIC EMISSIONS - INVESTIGATION 23 

Environment Service. A number of stack emission scenarios were considered, including 
stack testing results obtained in August and October of 1991. 

Although the local terrain is quite hilly, the maximum relief within the study area is only 
about 50 metres. The topography in the Yellowknife area has not been mapped at the 
detailed scale that would be necessary for use in the ADEPT2 model. The model can and 
was used without the input of topographical information but the results thus obtained are 
insensitive to terrain effects. 

In general the patterns calculated by the model are in agreement with the results from the 
lead candle and diffusion plate networks. These patterns include calculations that the 
highest ambient SO2 levels occur in the summer season and that the highest levels do not 
occur immediately at the base of the stack but do occur within less than 3 kilometres from 
the roaster stack. 

Measured 802 levels at some of the diffusion plate network stations were much higher than 
ADEPT2 calculations for those locations. This was especially true for stations within a few 
kilometres of the roaster stack where the highest SO2 levels were detected and for stations 
to the north. Similarly, the range of 802 levels detected by the lead candle network was 
much greater than the model calculations. 

From reviewing the diffusion plate measurements and model results it appears that at least 
two factors must receive further attention before model calculations can be refined. Terrain 
factors are affecting SO2 dispersion around Yellowknife but have not yet been included in 
model inputs. Second, Great Slave Lake is having an influence on meterological conditions 
and dispersion patterns that are not accounted for in the ADEPT2 model. 

VEGETATION SURVEYS 

At the request of the Department of Renewable Resources, Forestry Canada investigated 
vegetation damage in 1990 after the Department received inquiries from the public about 
yellowing leaves and premature leaf drop along the Vee Lake Road as far north as Ryan 
Lake. Leaf and soil samples collected in the affected area were analyzed by Forestry 
Canada at the Northern Forestry Centre in Edmonton. The results of the 1990 survey were 
reported by Maynard and Malhotra (1990). Samples were collected again in 1991 by 
Renewable Resources personnel and submitted to the Northern Forestry Centre for analysis 
and interpretation of results. The 1991 survey was reported by Maynard (1991).
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In both years leaf samples were collected from the tree species present at each site. Soil 
samples were split into surface organic material and mineral soils. In 1990, 8 sites were 
sampled (see Figure 3 for sampling locations). In 1991 10 sites were sampled. Seven of 
these were the same sites sampled in 1990. Because of a road washout, an alternative site 
(5A) to the Ryan Lake site (5) was selected and 2 new sites (9 and 10) were added. 

In 1990, Maynard and Malhotra observed that at the Vee Lake Road intersection all species 
had discoloured leaves but that farther to the north of the mine drought tolerant species 
appeared less affected. The visual symptoms observed in 1990 included the effects of a 
drought which masked any SO2 damage that might have occurred. 

In 1991 when drought was not a factor, Maynard found that visual symptoms typically 
associated with 802 pollution were found on birch leaves collected up to 3.2 km north of 
the mine along the Vee Lake Road. The most obvious signs of SO2 damage were found at 
site 9, about 1.5 km north of the roaster stack. Site 9 was located in a "streak" of trees with 
coppery coloured browned leaves that continued in a widening line extending directly away 
from the roaster stack at least as far as 2.5 km from the mine. This streak was first noticed 
in June of 1991. Birch leaves from site 9 were either completely necrotic or showed severe 
interveinal chlorosis, symptoms typical of an acute SO2 fumigation event. The black spruce 
sample from site 9 showed severe yellowing and necrosis of the older needles. 

The sulphur content of birch leaves in 1990 and 1991 provided evidence that sulphur 
deposition was occurring north of the mine and followed a gradient with the highest 
concentrations closest to the stack and the lowest concentrations at Ryan Lake. In 1990, 
Maynard and Malhotra found sulphur in birch leaves at levels where SO2 damage would be 
expected within 4 km of the roaster stack. In 1991, elevated sulphur concentrations were 
found in leaf samples collected at sites north of the mine along the Vee Lake Road as far 
as 3 to 5 km north of the mine. 

Soil analyses conducted in both 1990 and 1991 were found to have soil sulphur and pH 
levels characteristic of this area, although sulphur levels along the Vee Lake Road were 
slightly higher than at the sites to the south and west. 

Maynard and Malhotra concluded in 1990 that drought conditions contributed to the 
observed symptoms, and that within 5 km of the Royal Oak mine stack SO2 may be 
contributing to the symptoms. Maynard found that visual symptoms and chemical analyses 
of the 1991 samples provided further confirmation that SO2 deposition along the Vee Lake
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Road extended at least 3 to 5 km north of the mine. Visual symptoms of damaged tree 
leaves typically associated with exposure to SO2 were observed by Forestry Canada on 
samples collected within this range. 

DISCUSSION 

Arsenic in the Yellowknife environment has been a public health issue for a long time. The 
first medical survey of arsenic effects in Yellowknife was conducted in 1951 (see CPHA 
1977 for a description of these earlier studies). Since 1951, reviews have been carried out 
about every ten to fifteen years and were often followed by measures undertaken at the two 
mines to reduce atmospheric arsenic emission rates. Arsenic emission rates to the 

atmosphere have never been regulated by the territorial or federal governments. 

Sulphur dioxide has been emitted from gold roasters along with arsenic over the years but 
never received the attention as an environmental contaminant that arsenic did. SO2 
emissions in Yellowknife have never been controlled and there are no territorial or federal 
regulations in place to limit emission rates. 

Roaster Stack Emission Rates 

Arsenic emission rate measurements are available since 1949 and show that emission rates 
have been reduced over the years as a result of the voluntary control programs implemented 
by the mines. It is considered that total arsenic emission rates from the Royal Oak roaster 
stack at the present time fluctuate but are generally in the range of 20 to 30 kg/day. At 
these emission rates, the removal efficiency of the baghouse and electrostatic precipitator 
is about 99%; 

SO2 emission rates during the earlier years of mine operation are not available. Table 3 

shows the results of 4 stack tests conducted at the Royal Oak roaster stack since 1983, 
including 2 tests conducted under contract to the Department in 1991. It is considered that 

SO2 emission rates fluctuate and are now in the range of 50 to 65 tonnes/ day. 

Arsenic and SO2 in the Environment 

Snow surveys and other deposition studies in the 1970’s showed that the highest total arsenic 
levels were found closest to the mine and led Hazra and Prokopuk (1977) to conclude that 
the Giant mine roaster stack was the main source of arsenic emissions to the ambient air.



26 ATMOSPHERIC EMISSIONS - INVESTIGATION 

In 1986, Stanley and Associates Eng. Ltd. found that the highest arsenic levels in snow 
continued to be close to the mine but levels were considerably lower than levels reported 
in the 1970’s. 

Total arsenic levels measured in downtown Yellowknife air have declined since the 1970’s 
(see Figure 2). Lower total arsenic levels in the 1980’s follow improvements to emission 
controls made at the mine in the late 1970’s. The slightly higher levels detected in 1988 
correspond with baghouse operation difficulties in that year. A further decline in levels 
measured in the 1990’s correspond with operational improvements at the mine made after 
1988. Total arsenic levels in Yellowknife air have remained at levels well below the Ontario 
24 hour 1mm of 0.3 [lg/m3 since 1988. 

As the emission plume from the roaster stack is carried downwind, it begins to disperse and 
mix into the atmosphere so that pollutant levels on the ground decrease with distance. 
Terrain influences, different weather conditions typically associated with each wind direction 
and seasonal changes in the weather affect dispersion patterns of S02. 

S02 levels on the ground are low up to about 0.5 km away from the 45 metre high roaster 
stack. The lead candle network, with all sampling sites located within 4 km of the mine, 
showed that the highest annual average levels occurred between about 0.5 to 0.7 km and it 
is believed that it is in this range where the emission plume begins reaching the ground. 
The diffusion plate network showed that to the south and the southwest the peak SO2 levels 
were at about 0.5 to 0.7 km and levels decreased rapidly beyond that distance. The pattern 
to the north was quite different. Levels to the north did not peak until about 2 km away 
from the roaster stack and higher levels persisted over a greater distance. The different 
dispersion patterns are most likely due to wind and stability conditions. 

Terrain characteristics affect the surface winds that carry SO2 and play a role in determining 
SO2 levels at any particular site. For example, the diffusion plate at 3 km north (station 5) 
of the roaster stack consistently had monthly readings that were lower than the plates at 4 
and 5 km north (stations 6 and 7). The number of diffusion plates in this survey was too 
sparse to fully describe the influence terrain is having on SO2 levels. 

The deposition plate network showed that higher SO2 levels persisted a greater distance 
from the mine to the north than in other directions. Winds from the south cross Great 
Slave Lake before reaching Yellowknife and the Royal Oak mine. After travelling over the 
flat surfaces of lakes, winds close to the surface tend to be "smoother" than winds from other



ATMOSPHERIC EMISSIONS - INVESTIGATION 27 

directions that travel over the rougher surface of the Precambrian Shield. It may be that 
the smoother, less turbulent surface winds coming off the lake from the south do not mix 
the roaster stack plume with fresh, unpolluted air as quickly, and could account for the 
higher SO2 levels measured at greater distances to the north of the mine. 

Seasonal differences in SO2 levels were evident from both the lead candle and diffusion 
plate networks. During the warmer months levels in all directions tend to be higher. This 
phenomena was also predicted by the ADEPTZ model. The plume rising from the roaster 
stack is at 80-90° C. It is postulated that when the plume enters cold winter air it rises 
higher and then disperses into winds at higher elevations. The plume is not carried as high 
when it enters warmer air so that in the summer, less SO2 is carried away by higher 
elevation winds and more of the 802 reaches the ground in the vicinity of the minesite. 

The occurrence of detectable levels of SO2 measured by the continuous analyzer located in 
downtown Yellowknife were found to be episodic. Winds from 10° north carried higher 
average SO2 levels than winds from any other direction. In wind from 10° north, $02 was 
detected 64 % of the time (compared to 30 % of the time for all directions). When winds 
were blowing from the north, SO; levels would rise from undetectable, peak and then drop 
back to undetectable levels. Although continuous monitoring was only conducted at one 
location, it is expected that this episodic pattern occurs in any direction downwind from the 
mine. The streak of browned leaves north of the mine identified by Forestry Canada as the 
result of an acute (high level) SO2 fumigation event provides evidence that peak levels of 
SO2 occur episodically in the Yellowknife area. 

Causes of Vegetation Damage 

Analysis of vegetation samples conducted by Forestry Canada in 1990 and 1991 showed that 
SO2 damage to trees was occurring along the Vee Lake Road at least as far away from the 
mine as 5 km. In 1990 damage caused by drought conditions was also evident and in 1991 
insect damage was found on samples from some of the stations.
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CONCLUSIONS 

Royal Oak Giant Yellowknife mine roaster stack emissions of arsenic are the most 
significant source of arsenic found in Yellowknife air. Since the late 1940’s when operation 
of the roaster started, improvements have been made at the mine to control and reduce 
arsenic emission rates. At this time total arsenic emission rates are considered to be in the 
range of 20 to 30 kilograms per day. 

Presently, total arsenic levels in Yellowknife air are below the Ontario 24 hour average limit 
of 0.3 rig/m3. Since 1978, exceedences of this level have only been measured on two 
occasions in 1988. Following the 1988 exceedences, total arsenic levels in Yellowknife 
decreased and have remained at an annual geometric mean level of less than 0.01 rig/m3. 
Continued maintenance and operation of arsenic emission control equipment remains of 
critical importance if the lower levels of arsenic in Yellowknife are to be sustained. 

The Royal Oak Giant Yellowknife Mine roaster stack is the major source of SO2 in 
Yellowknife air. Presently, 802 emission rates fi'om the roaster stack are considered to be 
in the range of 50 to 65 tonnes per day. It was the only identified source contributing to 
502 levels found to the north of the mine. In Yellowknife to the south of the mine, the 
roaster stack is the major source of SO2 but there are also minor sources that contribute to 
detected background levels. 

Continuous monitoring to the south of the mine in downtown Yellowknife using an S0, 
analyzer showed that levels of 802 in populated areas periodically exceed national air 
quality objectives when the wind blows from the north. Monthly average SO2 levels detected 
by the diffusion plate network indicate that elevated levels are also occurring in other 
directions. When elevated SO2 levels do occur these episodic events usually only last for 
a short period. Elevated 502 levels are more likely during warmer months. To the north, 
502 is carried greater distances from the roaster stack than to the south. 

Damage to trees from high levels of SO2 was found along the Vee Lake Road as far north 
of the roaster stack as 5 kilometres. This is within the range where elevated SO2 levels 
were measured.
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Oak Mines Inc. 
Mines 

J. Stard 

H. Starkes 

February 16, 1996 

Roaster Problems - January, 1996 

On January 8, 1996, No. 1 Blower inboard bearing failed. This motor (FA702) 
had the bearings overhauled on site on August 9, 1995. On January 8, 1996 
there was difficulty encountered removing the inboard bearing from the shaft 
and subsequently the motor was sent to Territorial Rewind for shaft repairs. At 
that time the motor outboard bearing was installed improperly on site and was 
not changed by Territorial Rewind. This bearing subsequently failed on 
January 27, 1996 and the motor was scrapped. A motor from Giant stock was 
used. 

On January 14, 1996 No. 4 Blower motor (FA705) bearing failed. This is a 
babbit bearing which had been replaced on June 7, 1994 by Westinghouse in 
Edmonton. Upon investigation by Territorial Rewind on January 15, 1996 the 
outboard bearing had failed, we suspect this was due to not following the start 
up procedure, which was drafted in December 1983, a copy is attached.



/ 
Royal Oak Mines inc. W3 [’- _ Ft Giant Mines MM: WY U “145/ 05 

K/ wW 
Date: February 5, 1996 

Memo To: dohn Stard ‘ 

From: Phil Maclntyre 

Subject: Roaster Problems - January 1996 

The following is the sequence of Roaster Blower problems that occurred in January, 
1996. 

1) On December 31st, No.3 Blower experienced a blade failure. New fans and 
shrouds have been ordered and will be installed upon arrival in early 

February. 

2) On January 8th, No. 1 Blower inboard motor bearing failed. There was a 
problem getting the bearing off the shaft and it was sent out to Territorial 
Rewind for repairs and was returned on January 14th. 

3) On January 14th, No. 4 Blower motor'bearing failed. it was removed and 
sent out to Territorial Rewind for repairs. On January 15th, No. 1 Blower 
motor was reinstalled and the No. 1 and No. 2 Blowers were set up using 
the 2nd stage booster blower to supply air to both stages to keep the 
Roaster going. This system worked reasonably well albeit the Roaster 
Feed rate and control of the roastwas limited. 

4) On January 27th, No. 1 blower outboard motor bearing failed. This bearing 
had been replaced onsite during the January 8th. overhaul. To keep the 
Roaster going, No. 3 Blower motor was removed from No. 3 Blower and 
was reinstalled on No. 1 Blower. This allowed the 2nd stage Blowers to 
continue to be used to keep the Roaster going. 

5) On January 28th, No. 4 Blower motor was reinstalled and started up 
allowing the Roaster feed rate to be increased and the air flow rates and 
thus the roast to be controlled.
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As of January 31st, No. 3 Blower was still down waiting on parts and No. 
3 Blower motor is on No.1 blower. Another 60 HP. motor with a different 
base has been located which will be installed on No. 1 Blower and free up 
the motor for No. 3 Blower. 

Recommendations 

The short term solution to the Roaster Blower problems is to get the No. 3 
Blower rebuilt and the proper motors installed on No. 1 and No. 3 Blowers. 

Due to the age of the Spencer Blowers and the motors, the reliability of the 
Roaster Blowers have not been very good. Therefore, it is proposed to 
investigate installing the Aerzen Rotary Piston Blower from the TRP as the 
primary lst Stage Blower. Dorr Oliver (G. L. & V.) have stated that this 
would be a superior blower for this application. The Blower installation 
would be very simple with the only problem being the ability to hook up a 
250 H.P., 575 volt motor in the Roaster area. If this can be done 
successfully, this Blower will be relocated from the TFlP to the Roaster in 
the spring of 1996. 

fl/M’g’ 
Phil Macintyre 
Mill Superintendent

w:



~ 
MEM¢RagafiM*~ ‘ 

5 i . 

.. 9......5€2../é;55.5_-......+ 

“5555M ............... a ....... 5 55555 M 
5.5,... £5555 ....... 55.55555 

5/555 55 x55 55. 
555/ 575555 55 “55555555. 55555 55 

-. €55 555555555 77% /%975/ 5555/4555 @6654 5554 /5575. 5555 7555705 559555755 55 5 7 5:55 55‘ 7 59 55755575 555 75- 
5566/7 555555. 

55/55/55 7?) 55 «b 555/5 57:51 555 55575555 75 
555755 775 575755 59 56 055555554 

___ m' _ v v __ 55/15/57“


