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SUMMARY 

Mining activities in the Arctic are associated with environmental changes. 

However, the implications of these changes are not always understood, and it 

is often difficult to delineate the extent of the changes or, in fact, the 

nature of them, i.e. whether they are beneficial or detrimental. In 

general, the time frames in which the full application of the environmental 

changes are evident are longer and frequently more complex than first 

anticipated, due to powerful physical effects on ecological processes. 

An evaluation of the long term environmental implications of active mining 

operations in the Northwest Territories has been carried out in an attempt 

to assess waste management strategies which could, at the termination of the 

mining operations, minimize potential environmental degradation. 

The field investigations of the gold mine, Lupin, and the lead zinc 

concentrator at Nanisivik, primarily focused on the environmental conditions 

which might be encountered in the long term after the shut down of the 

operations. Secondly, emphasis was placed on the search within the waste 

management areas and at their boundaries to the environment, for suitable 

components of ecosystems which could be utilized in Ecological Engineering 

methods and Biological Polishing processes. These methods are being 

developed for southern regions with a goal to achieving an environmentally 

acceptable walk-away condition for mining operations. It was not possible 

to determine the applicability of such methods in the-northern environment 

without a detailed assessment of mines located in the Northwest Territories. 



The results and conclusions of this study are two-fold. A n  attempt has been 

made to determine realistically those environmental characteristics which 

would prevail at the time of close-out for the mine operation. This is 

followed by an evaluation of the applicability and the potential for the use 

of biological processes in this imagined close-out environment. 

For Lupin, it was evident that the close-out plans in place are very well 

defined from a long term environmental point of view. A waste-rock and/or 

Esker material cover over the tailings surface slopes in such a way that 

minimal contact with run-off water is achieved. This will provide good 

water quality which might be further improved with biological processes. 

The low temperature of the tailings was found to be essential in effectively 

reducing the rate at which acid generation might occur. The tailings are 

likely to remain at low temperatures and thus no environmental implications 

from the waste management area is anticipated in the long term. However, 

the temperature behaviour of the tailings is important and remains to be 

considered. 

For Nanisivik, located in the high Arctic on the northern tip of Baffin 

Island, the results of the investigation indicated that underwater disposal 

of tailings in a lake environment is the best possible method. Acid 

generation potential in the long term is curtailed to such a degree that it 

is unlikely ever to surface in a manner detrimental to the environment. The 

disturbance of permafrost by the mining activity has resulted in some point 

sources of heavy metals in surface seeps from waste rock piles. 



Similar sources of metals were found under natural, undisturbed conditions 

during the investigation. Pyrite outcrops characterize the rock-dominated 

environment of this mineralized area. The neutralizing capacity of the 

country rock (shale and dolomite) provides natural amelioration measures 

which can be utilized to curtail any long-term detrimental effects of the 

mining activities. The effective use of the country rock, in conjunction 

with biological processes and physical efforts to encourage permafrost, 

appear to provide environmental conditj-ons at the time of close-out which 

resemble those of the natural undisturbed environment of the area. 

The field investigations of both a gold and base metal mine in the northern 

part of the Northwest. Territories led to an understanding of their 

fundamental nature which can be summarized as follows: 

Mining in the northern environment introduces changes to drainage systems 

and permafrost conditions. However, the often-feared environmental 

degradation caused by acid generation and alterations in drainage patterns 

as a result of the disturbance of permafrost in this environment, is slowed 

down and retarded. This retardation of the degradation facilitates an 

ecological equilibration taking place in the North which can be assisted by 

man more effectively than in the South. 

A n  holistic ecological approach, taking into account equally the behaviour 

of the environment and the mining wastes produced by-the operation, which 

indeed is fundamental to Ecological Engineering, can lead to sound 

environmentally acceptable abandonment procedures. The Ecological 
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Engineering and Biological Polishing methods have also been considered in 

the context of Pine Point and Salmita. They are not required for the 

abandonment of Pine Point, however, they are certainly applicable to Salmita 

which has received only theoretical consideration in this report. 
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1.0 INTRODUCTION 

The rise in environmental awareness over the past decade has resulted in 

stringent demands respecting water quality control and regulations on land 

and water usage being placed on mining operations. The development of 

regulations which should lead to improved environmental protection is not 

necessarily concurrent with development of the technology required to 

provide such protection. At present, therefore, the rationale which appears 

to prevail is that the best protection is an undisturbed environment. This 

view is, of course, an unrealistic one. Mining is a necessary component of 

human existence. Its operation results in extensive changes in the 

environment on the surface around the mine, and it is possible that drainage 

patterns in the vicinity of the mine are altered as well. 

Reclamation technology has been developed which, in many cases, provides 

effective environmental protection. Peterson and Peterson (1977) have 

provided a useful compendium on revegetation information for Northern 

Canada. Throughout the document, the different conditions encountered in 

Arctic regions are highlighted. In the North, restoration to the original 

vegetation and drainage patterns would require hundreds or perhaps thousands 

of years. Natural processes should be utilized in reclamation efforts. It 

was found that the reinvasion of native species was inhibited as the cover 

of introduced vegetation increased. 

Waste water treatment technologies used during operation produce, in most 

situations, an acceptable discharge water quality. However, waste-water 

treatment plants need maintenance at various frequencies. This means that 

at the time of mine closure, because of the continuing demand for 
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maintenance of the waste management area, an environmental and economic 

liability is imposed on mining companies and governments. The resulting 

economic burden associated with such maintenance is difficult to bear for 

the responsible parties. To date, approaches and detailed methods by which 

mining operations can be abandoned in an environmentally acceptable manner, 

and which take economic considerations into account while being acceptable 

to regulatory bodies, are not available. 

Mine abandonment is particularly difficult for operations where the waste 

materials contain significant fractions of pyrite or pyrrhotite. The ore 

body exposed on the surface is acid-generating, and the mining and grinding 

activities have resulted in a larger exposed and reactive surface. Due to 

this acid generation, contaminants (e.g. heavy metals) are solubilized and 

can be carried into receiving water bodies and into the ground water. 

Present-day treatment technology can provide environmental protection as 

long as maintenance programs and surveillance are sustained. The Research 

and Development community is actively addressing new options for the 

improvement of treatment technology and formulating methods to provide an 

environmentally acceptable close-out condition for the abandonment of mining 

operations. 

Self-maintaining systems, capable of polishing treatment effluents from the 

waste sites and progressively curtailing adverse environmental conditions 

which could arise from the wastes, would provide an economically sound 

technology for long-term environmental protection. 
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Ecological mgineering and Biological Polishing are methodologies which are 

being developed for abandonment of mining operations, with the aim of 

providing self-maintaining biological systems. The concept was formulated, 

developed, and is at present being pilot-tested for tailings sites in 

Central and Northern Ontario by Boojum Research Limited (Kalin, 1986a, Kalin 

and Smith, 1986, Kalin and van Everdingen, 1987). However, the climatic and 

environmental conditions in the Arctic are very different from those in the 

areas where this methodology is currently being tested. 

Based on a site visit to a gold operation located close to the Arctic 

Circle, and a lead-zinc and silver concentrator located on Baffin Island, in 

conjunction with a desk assessment of mining operations north and south of 

Great Slave Lake, it is .the overall objective of this work to evaluate the 

Ecological Engineering concepts and the applicability of them for mines in 

the Northwest Territories. 

Realistic environmental scenarios were developed for the two mine sites to 

which field visits were made, and these could serve as models for future 

abandonment plans for other mining operations in the North. 

2.0 METHODS AND MATERIALS 

2.1 The basic concept of Ecological Engineering methods 

In general, at close-out of a mining operation, several aspects have to be 

considered, with particular attention being paid to waste-management areas 

with acid-generating wastes. One of the most challenging aspects of 
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reclamation is- the provision of stable and enduring environmental protection 

against water quality degradation. 

Many ecological studies of plant colonization patterns of mining wastes have 

indicated that, on waste sites, it- is likely that species richness and the 

extent of the colonization will not change for decades or millennia 

(Kimnerer,l981; Bauer, 1973; and Morrison & Y a r r a n t o n ,  1973). Ecological 

projections indicate that improvements due to natural recovery are 

unrealistic, despite some initial evidence of primary natural colonization 

of waste sites. The establishment of species, tolerant to the chemical and 

physical characteristics of the waste sites, appears to be a random process. 

Self-sustaining covers on waste areas are often limited to localized areas 

of the site where conditions happen to be favourable for germination and 

establishment (Kalin and Caza, 1983). Therefore, methods have to be 

developed to provide suitable conditions unilaterally favourable for self- 

sustaining vegetation covers comprised of those highly tolerant species. 

Utilizing these observations and recognizing species-specific environmental 

tolerances of the indigenous biota, it became evident that altering the 

physical conditions alone, while maintaining waste-site chemistry, would 

yield more extensive establishment of indigenous populations. Once the 

germination and establishment phase has been assisted, growth controlling 

factors can be addressed, and finally, those factors which inhibit expansion 

of the populations may be dealt with. 

After the indigenous populations have been established, a stabilized surface 

would result, using species which are tolerant to the harsh conditions of 
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the waste site: Those conditions will then improve without maintenance, and 

further colonization of the new ameliorated habitat is expected. A self- 

sustaining waste-site ecosystem is thus created which can be either aquatic, 

semi-aquatic or terrestrial. 

Ecological Engineering consists, therefore, of utilizing waste water and 

organic materials which initially ameliorate those stresses that limit the 

development of the indigenous populations. Establishment, growth and 

expansion on the waste-management area can then be expected. Biological 

polishing addresses water-quality improvements by introducing or promoting 

populations of specific species which, due to their characteristics, have 

the ability to remove hazardous substances from the waste-water stream. 

Ecological Engineering is a three-staged approach: 

Stage 1: 

A brief feasibility study of the site is carried out to identify the 

rudimentary ecosystem characteristics, in addition to the determination of 

the chemical and physical conditions of the surface and water associated 

with the waste-management area. For areas devoid of species, a suitable 

source is selected. This feasibility assessment is followed by an 

experimental test phase for the site-specific conditions. 

Stage 2: 

Implementation of an experimental- approach to ecosystem expansion and 

development. Experiments and biota are site specific. The experiments are 

designed based on the results of the feasibility study. The tests consist 



generally of alteration of the surface, such as irrigation with waste water, 

increasing surface relief, and the use of amendments for the promotion of 

the rudimentary pockets of indigenous biota on the site. Algae, mosses, 

cattails, sedges and rushes are the most frequently encountered indigenous 

species. 

To complete the project, the results from the experimental stage are 

implemented on a large scale for the site. 

Stage 3: 

Implementation of the results of phase 2 for reclamation of the entire site, 

followed by gradual withdrawal of the supporting treatment system. 

These three steps can be used to address problems of dry or wet, acid or 

alkaline tailings areas in seepage-water control and in polishing or 

settling ponds. The methods can be used during mine/mill operation, as a 

routing reclamation approach and, finally, as an abandonment or shut-down 

procedure. 

2.2 Mining Operations and their Waste Management areas 

At commencement of a mining operation, there are, in principle, very basic 

activities taking place. Access has to be provided to the site which can be 

a permanent or winter road, an airstrip, or both. Construction of living 

accommodation and warehousing space,. as well as mill buildings, takes place. 

These activities are not generally associated with significant environmental 

implications in the long term. They are regulated under the Northern Lands 
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A A ,  &d are not addressed in the context of this report. This is the case 

for sewage disposal and waste dumps which are inevitable end products of a 

mining operation. 

At the time of mine closure, all surface structures may be removed and 

abandonment procedures for below-ground workings are clearly defined so that 

the site is free of any hazards of a structural nature. From an 

environmental point of view, regulations commonly specify that the locations 

of the mining operation be rehabilitated in detail, and these requirements 

are included, in a general manner, as a condition of the water licence 

granted by the Water Board. 

2.3 Potential long-term environmental implications of components of the 
waste-management areas. 

Long-term environmental consequences after shut-down of hard rock mining 

operations, considered in this report in the context of Ecological 

Engineering, are those associated with waste products resulting from the 

mining. These are the tailings, waste rock, by-products of the waste-water 

treatment system, and areas where soil or borrow is contaminated with 

concentrate. 

Each of these components of the waste-management area presents its own 

problems with respect to the possible creation of sources of long-term 

environmental degradation: 



- 8 -  

Tailings site:. 

Two aspects of the tailings area are of concern at the time of mine closure 

- (a) the interface between the tailings confinement and the non-tailings 

environment, and (b) the tailings surface and tailings dams themselves. 

Waste-rock piles: 

Depending on their location within the topography of the site and the 

mineralogy of the material, these waste-rock piles may not present 

significant environmental concern. If the waste rock is acid generating 

however, they are a major factor in the long term. In this case, the 

implications for surface and ground water quality are similar to those of 

the tailings. 

Waste-water treatment ponds: 

At the time of shut-down, the quality of the water leaving the tailings area 

will change in comparison to the quality at the time of operation. After 

several years, the water balance of the area and the water quality will be 

representative of abandonment. Treatment facilities are generally designed 

to accommodate operating conditions and sludges have accumulated in the 

settling ponds for some time. These sludges contain high concentrations of 

the contaminants which were removed from the effluent. On abandonment, the 

sludges or the by-products of the water treatment can become another 

potential source of long-term environmental degradation. 

Mine/mill site: 

At the time of close-out, the immediate vicinity of the mill site for base- 

metal operations, where shipping and/or storage of concentrate have taken 
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place, requires special attention. Borrow materials ( soil or gravel ) mixed 

with concentrate, can be a continuous source of metals which are solubilized 

during and following precipitation. This holds true for base-metal 

operations only however, and not for gold mines. 

2.4 The environment in which the mine sites are located 

The locations of the mining operations evaluated in this report are given in 

Map 1. The four operations, Lupin, Salmita, Pine Point and Nanisivik differ 

widely according to their location within different vegetation regions. 

Pine Point and Salmita are both located in forest regions, but with 

different characteristics. Pine Point, south of Great Slave Lake, is 

surrounded by the Upper MacKenzie forest region. This environment is 

described by Rowe (1972), as dominated by white spruce and balsam poplar on 

flat alluvial lowlands bordering the rivers, and jack pine, lodgepole pine, 

trembling aspen, black spruce and tamarack on the highlands. 

Salmita is located in the Northwestern Transition of Forest and Tundra. 

This area is described by the same author as tundra barrens of bog, muskeg 

and rock, intermixed with stands of dwarf trees (black spruce, white spruce, 

white birch, tamarack, trembling aspen, willow and balsam poplar). The 

general ground cover is light-coloured foliose lichens. The operations of 

Lupin, located in the Mainland Tundra, and Nanisivik, located in the High 

Arctic Tundra, are situated above the tree line. The Mainland Tundra is 

dominated by dwarf shrub and heath, sedge tussocks or meadows, willows, 

lichens and areas of rock desert. The High Arctic Tundra is dominated by 
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rock barrens with sparse vegetation confined to meadows within stream 

valleys, moss, lichens, wildflowers and willows. 

A comparison of the climatological conditions is given in Table 1. The 

climatological parameters selected are relevant for abandonment if 

biological processes are to be applied. The averages are compiled from 

measurements ranging over a period from 1941 to 1960, or 1957 to 1964 (Hare 

and Hay, 1974). 

From the temperature ranges, the differences between locations are relevant. 

Both Pine Point and Salmita have similar climatic parameters, as do the 

operations of Lupin and Nanisivik. Differences in climate are the main 

factors affecting growth and the biological processes which could be 

relevant in the long term. It appears that, based on the temperature, solar 

radiation, hydrology and growth season, Nanisivik is at a distinct 

disadvantage for the use of biological processes. One of the clear 

indicators is the annual growing degree-days which are lowest for the area 

, of Nanisivik (<500 degree days). 



L E G t N O  

@ N A N I S I V I K  M I N E S  LTD. 
P b .  Z n .  C u  

@ E C l l O  B A Y  M I N E S  LTD 
( L U P I N  M I N E )  

* U .  A I  

P R O P O S E D  E C O L O C I C A L  
S l l L S  

B P 1  P L O P O S L D  E C O L O G I C A L  
S I T E S  

FOREST R L C l O U S  -__ 

U P P E R  M A C K L H Z I E  

FOREST T U t i O R A  

@*@TREE L I K E  



- 12 - 

I I January 1-25 to -30 
I I April 1-5 to -10 

1 1  October I 0 to -5 

I lmean length of frost free period (days) I 70 

I I July I 15 to 20 

I lmean annual heating degree days (deg.F.days) 17000-8000 

-25 to -301-30 to -351-30 to -3511 
-5 to -10 1-10 to -151-15 to -2011 
10 to 15 I 10 I 5 to 10 1 1  
0 to -5 1-5 to -10 1-10 to -1511 
8000-9000 19000-100001 NA 1 1  

70 I 70 I 70 I I 

Table 1: Climatic characteristics of minesite regions 

However, for the other three operations, these climatic considerations 

indicate that biological processes cannot be entirely dismissed for the 

Northwest Territories. They should continue to function though at reduced 

rates when compared to more southern-regions. In Table 2, values describing 

net primary production of various ecosystems are extracted from a tabulation 

by Larcher (1980). For the regions in which Salmita and Pine Point are 
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located; the net primary productivity value would be between the Boreal 

Forest, with 700 g/m2/yr and the Tundra Alpine productivity of 140 g/m2/yr. 

The value range for Lupin and Nanisivik would be between 140 g/m2/yr and 3 

g/m2 /yr. The values for biomass and chlorophyll given in Table 2, will be 

represented by the same ecotypes for the primary productivity. 

Table 2: Net primary production by Ecosystem Type 

Although the productivity of the northern ecosystems might not be high, 

evapo-transpiration from a tundra ecosystem is estimated at around 55%, 

while drainage accounted for 45% of the annual precipitation of 18 cm, 

according to the values given by Larcher (1980). That annual precipitation 

is in the same range (20 - 30 cm) as that given for the regions in which the 

mine sites are located (Table 1). 
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Water management is one of the main concerns at the time of close-out. The 

function, therefore, of a biological polishing system in evapo-transpiration 

is significant when considering its potential effect on the water balance 

during the growing season. This season is of most concern in water-quality 

protection, as in the remainder of the year, a large fraction of the 

potentially contaminated water is frozen, and further contamination is 

minimal due to greatly reduced flows. The applicability of Ecological 

Engineering and Biological Polishing processes in the Northwest Territories 

will depend, therefore, on the presence of functional species. The emphasis 

of field investigations was placed on the search for suitable indigenous 

ecosystems in areas immediately associated with the waste material. 

3.0 RESULTS AND DISCUSSIONS: MINE SITE ASSESSMENTS 

3.1 Lupin operation background 

In order to give some background on the site, the following are some 

essential characteristics of the mining operations: 

Location : 

The mine is located on the west shore of Contwoyto Lake, 400 kilometres 
northeast of Yellowknife, N.W.T. 

Ownership : 

Lupin is the primary property of Echo Bay Mines Limited. 
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Metals Recovered: 

Gold and minor amounts of silver. 

Ore Reserves: 

As of December 31, 1985, the proven and probable reserves to the 1,312 
foot level were 2,725,000 tonnes, averaging 0.34 ounces per ton. 

History: 

In 1960 to 1963, Inco performed an extensive surface exploration and 
drilling program on the property. Echo Bay Mines Ltd. optioned the 
property in 1979, and started construction of an underground ramp. 
Production began in October of 1982 at an initial rate of 975 tons per 
day, with access by a shaft to 1,210 feet, and by ramp to 820 feet. In 
1983, the milling capacity was increased to 1,450 tonnes per day. In 
1987, the shaft was deepened to 792 meters. 

Geology and Mineralogy: 

Gold is found in an iron/sulphide formation within a highly folded 
amphibolite lens. 10 to 15% of the ore is quartz, which occurs as 
stringers and veins up to 1.5 meters in width. The ore also contains 
up to 15% pyrrhotite, 3 to 4% local arsenopyrite, and trace amounts of 
pyrite, scheelite and chalcopyrite. 

Millinu Process: 

The milling process is straight cyanidation, with gold recovery by the 
Merrill-Crowe process (through Zn precipitation). The ore is ground to 
about 80%, minus 200mesh, and pre-aerated to oxidize the surface of 
pyrrhotite. After thickening, the gold is extracted with cyanide in a 
series of agitators. Pregnant liquor is recovered by two-stage 
filtration, and the solids are repulped and pumped to a waste pond. 
The gold is precipitated from the pregnant solution with Zn dust. The 
precipitate is filtered and smelted into bullion. 

Annual TOMaCfe Milled and Production: 

1982 - 145,000 tonnes 
1983 - 323,000 tonnes 
1984 - 494,000 tonnes 
1985 - 568,000 tonnes 
1986 - 557,000 tonnes 

Total mined to date = 2,087,000 tonnes with a gold production in 1985 
of 195,137 ounces, and a recovery rate which averaged 95.5%. 
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Tailings : 

The gangue minerals consist mostly of amphibolite and quartz, which are 
inert. The sulphide minerals present, pyrrhotite, arsenopyrite, 
pyrite, and chalcopyrite, are subject to oxidation. Mine water 
contains sodium chloride (common salt) used to prevent freezing during 
drilling in the permafrost. The process reagents include hydrated 
lime, sodium cyanide, zinc dust and lead nitrate. An overview of the 
waste management area is given in Map 2. 

Map 2: 
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3.2 Field investigation of Lupin 

The site visit was carried out in mid-September, 1986, at which time a 

slight snow cover already existed. The following aspects of the waste- 

management area were found to be relevant to the close-out conditions. 

Lupin is a gold operation, and the mine/mill area is not of concern. 

Therefore, only the tailings area, which has been planned to accommodate the 

tailings for the entire period of the mine life, needs to be addressed in 

terms of abandonment. 

The waste-management area is well-defined within containment dams. The 

method of discharging the tailings into areas confined by divider dykes or 

dams to retain solids is well suited for the topography, and facilitates 

rehabilitation work during operations of the waste-management area. In the 

future, the dams will be raised to a higher level, ultimately providing a 

surface drainage pattern which is intended to flow towards Dam 1A (Map 2). 

The interface between the dams and the non-tailings environment consists of 

waste rock. Two major vegetation types could be identified - hummock/ 

hollow and a sedge/grass meadow. A reed-grass is naturally colonizing areas 

within the waste-management area (roadsides and dams), which were covered 

with material obtained from an esker. This observation serves as an 

indicator that recovery by indigenous species at this site does occur. 

The micro-topography includes interesting stone structures, referred to as 

tombstones. These types of stone structures provide favourable micro- 
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habitats for 'indigenous vegetation. Most cracks are filled with dense 

cushions of moss. 

Water bodies and creeks in the vicinity of the waste-management area are 

colonized by a dense periphytic community consisting of diatoms (Eunot ia ,  

Fragilaria, Navicula, Pinnularia and S taurone i s ) ,  and algae. Unicellular 

algae are ChZorella and C h L a z r g c b m ~  and filamentous forms are m g m t i a  and 

Stigemlonium. It is possible that these filamentous forms could serve as 

biological polishing agents. These groups have also been found in 

association with southern mine sites. 

In the outflow of Dam lA, the periphytic community was present, but not as 

dominant as in other water bodies. A sparser population of periphytes would 

be expected in the discharge stream from the waste-management area, A more 

detailed investigation of the receiving waterways might yield more 

information on indigenous species, particularly when carried out during the 

snow free period. 

Water quality, in relation to tailings and waste rock, requires some 

consideration. The pyrrhotite content in connection with the fine grind of 

the tailings could result in some undesirable surface characteristics. Some 

indications of oxidizing surfaces were noted on exposed tailings. 

During the summer season, the tailings surface could be hot and dry, 

possibly facilitating wind transport; In the winter, the surface is frozen 

and snow-covered. Therefore, microbial oxidation of tailings is expected to 

occur for a very short period during the year. The pH measurements from the 
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sampled- tailings and associated water bodies ranged from 6.6 to 8.1, and the 

electrical conductivities from 120 to 1600 umhos/cm, indicating that the pH 

of the operating environment is neutral to alkaline. 

evident. 

Acid generation is not 

The usage of waste rock and/or Esker is proposed for the final cover for the 

tailings. This might facilitate water retention under the waste-rock to 

some degree. Determinations of the water quality of run-off from underneath 

such a waste rock cover would be difficult, if not impossible. Some 

indication however, might be derived from long-term static-leach 

experiments, which were carried out, in the framework of this study, in the 

laboratory. 

3.3 Long-term leach experiments 

3.3.1 Method: 

In November, 1986, 1 kilogram of tailings (fresh weight) was set up in a 

static-leach experiment with 1 litre of tap water. Two sets of containers 

of each were stored in the fridge ( 6  - 8OC), outside (frozen during winter) 

(15OC), and at room temperature in the dark (21 - 23OC).  The pH in the 

tailings and the water above was measured 5 times over a 6-month period in 

each container stored at the different temperature regimes. All containers 

were remeasured after 1 year. After 3 to 6-month intervals, the water was 

filtered through 0.45 um filter, acidified with nitric acid and analyzed for 

total element concentrations by Inductively Coupled Plasma Spectrometry with 

Assayers (Ontario) Ltd. 
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3.3.2 Resuits : 

The trends in pH in both solution (Figure la) and tailings (Figure lb) are 

quite constant until May, representing a period of 6 months leaching. A 

decrease in p H  (from 7 to 6.2) was measured in the containers stored in the 

laboratory at room temperature. At the cooler temperatures in the 

refrigerator and outside, no significant decline was noted. 

After a period of one year, the water and the tailings in all temperature 

regimes indicated that acidification was progressing. Both the tailings and 

the solutions had a pH of 5 and 4.8, respectively, in the laboratory. The 

pH in containers kept outside and in the refrigerator had decreased 

considerably less. 
9 

P" 

Sampling Dates 
A F2 x L1 v L 2  m 0 1  + 0 2  + F' 

Figure la: pH values of water above the tailings. 
Replicates are indicated by 1 and 2, and the temperature 
treatments are designated as 0 = outside; F = refrigerator, 
and L = laboratory 
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9 

8 5  

8 

PH 

7.5 

7 

6 5  

6 

\ 
5 -  

4 5  I I I 
FEB 3/07 MAY 5/07 NOV 1/07 NOV 2a18ti JAN 6/07 

Sampling Dates 
8 0’ + 0 2  + F1 A F2 x L’ v L 2 ,  

Figure lb: pH values of tailings sediment 
Symbols as in Figure la. 

Given the experimental design, these pH values indicate that acidification 

of water in contact with Lupin tailings is dependent at least in part on 

temperature. This acidification process is an extremely slow one when 

compared with base-metal tailings of similar pyrrhotite content where water 

acidifies within days, or at most, weeks. It is unlikely that water under 

the waste-rock/Esker material cover planned for close-out will reach 

temperatures warmer than room temperature and it is therefore unlikely that 

acidification is ‘a realistic possibility in the future. 
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The electrical ‘conductivity of the solution remained essentially in the same 

range over the entire period of the experiment (Figure 2). This suggests 

that no solutes are stored in the tailings which increased electrical 

conductivity after the initial release to the tap water (270 umhos/cm) had 

occurred. The small differences noted (1,200 to 1,600 umhos/cm) are 

probably also a reflection of the temperature change. 

I 

The elemental concentrations in the water sampled after 6 months of static 

leach are presented in Figures 3a to 3c. For each solution, the average of 

two replicates of filtered (0.45 um) water is compared with that of the 

average concentration of unfiltered water. The three pairs of bars per 

element in the histogram represent the different temperature regimes of the 

experiment. 
I 1 

Conductivity 
(umhoslcm ) 
(Thousands) 

01 + 0 2  4 F1 
Sampling Dates 

A F2 x L1 T U  

Figure 2: Electrical conductivity in leach experiment 
Replicates are indicated by 1 and 2, and the temperature 
treatments are designated as 0 = outside: F = refrigerator, and 
L = laboratory 
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S 

I '  1 0 F  1 OUF I - ' I  FF I _ -  3 FUF . - - ' I  LF [:3-:j LUF 

F i g u r e  3a: Elemental Concentrations in  Solution 
OF = outside filtered OUF = outside unfiltered 
FF = refrigerator filtered FUF = refrigerator unfiltered 
LF = laboratory filtered LUF = laboratory unfiltered 

1, 

mg/L 
3 .  

? 

[LT! OF r 1-1 OUF FF 1 .  ' j  FUF ! . _  I LF 

F i g u r e  3b: Elemental Concentrations in  Solution 
Symbols as in 3a 

P- Sr 

.- " . _, 
I .  . . I  . . . ., LUF . _ _ _ .  
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Figure 3c: Elemental Concentrations in Solution 
Symbols as in 3a 

If the concentration of the elements is less in filtered than in unfiltered 

samples, these differences would indicate that the elemental concentrations 

are due to the presence of both the suspended particulate and the dissolved 

form of the element. As this experiment was designed to show trends of 

solubility of elements from the tailings to water being ponded underneath 

the waste rock cover, this aspect is essential to the evaluation of the 

data. The concentration differences between filtered and unfiltered water 

samples for each temperature treatment for most elements are insignificant 

(Figures 3a to 3c). The variability noted is within the experimental error 

expected, due to heterogeneity of the tailings and the analytical error. 

Iron is an exception, where the unfiltered concentration in the laboratory 
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treatment is ‘half of the filtered, representing contamination of the 

filtered sample. In the other two temperature treatments, the iron 

concentration was at the detection limit (<O.Ol mg/l). 

The elements are .grouped based on their concentration ranges. Ca, K, Mg, 

Na, S and Si (Figure 3a) are present in concentrations ranging from 40 mg/l 

to 500 mg/l. The elements Se, A l ,  As, B, M n ,  MO, P and Sr in Figure 3b are 

present in the solution below 1 mg/l, a lower concentration range than the 

elements in Figure 3a (with the exception of iron). The elements Ba, Cd, 

Ce, CO, Cr, Pb, Ti, V and Zn are present in even lower concentrations than 

the previous two groups (Figures 3a and 3b), with concentrations below 0.2 

mg/l. Within these low concentration ranges, the expected trends of 

solubility due to the combined effects of temperature and acidification are 

clearly displayed. All concentration pairs of filtered and unfiltered 

waters are higher in the laboratory treatment. From this comparison, it is 

reasonable to suggest that most elemental concentrations in the water are 

dissolved elements or of a particle size smaller than 0.45 urn. 

In Figures 4a to 4c, the concentrations of elements in the solutions 

(filtered) are presented, comparing any differences between the analysis 

carried out in March with that in May. As the same solution remained in 

contact with the tailings and the containers were sealed tight to prevent 

evaporation, changes in concentration over time would indicate which 

elements are more likely to continue to be released to the water than 

others. As the experiment is not a kinetic but static design, differences 

noted would only indicate which elements are potentially released over time. 
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The elements Ca, K, 'Mg, Na, S and Si do not show any significant changes 

with time in the concentration in the leach water (Figure 4a). However, the 

elements As and MO (Figure 4b) consistently show decreases in all 

temperature treatments after 3 months. 

On review of the data base, it was noted that U was inadvertently missed 

during data analysis. The concentration range of uranium for the 3-month 

analysis in all temperature treatments was 1 to 2.2 mg/l, which decreased 

consistently by May to a concentration range of <0.01 to 0.8 mg/l. 

Ca K Na 

[ D O M R F  c1\1 OMYF FMRF FMYF i - j LMRF r?T-:j LMYF 

Figure 4a: Elemental Concentrations in Solutions 

LMRF = outside March filtered OMYF = outside May filtered 
FMRF = refrig. March filtered FMYF = refrig. May filtered 
LMRF = laboratory March filtered LMYF = laboratory May filtered 
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mg/L 

Figure 4b: Elemental Concentrations in Solutions 

mg/L 

[:'-;-I OMRF _' ] OMYF [.. . .I  FMRF I.....'! FMYF ia LMRF r::;! LMYF 

Figure 4c: Elemental Concentrations in Solutions 
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The removal process of these three elements might be microbial and chemical 

or physical, and cannot be explained within the context of this experiment. 

From a pragmatic point of view, the process is less important than the fact 

that it does occur consistently throughout all temperature treatments. 

Similar observations on the removal of As were made in tailings leaching 

experiments carried out by Echo Bay, (P.C. H. Wilson), with pond water and 

distilled water under agitation, at different time intervals (weekly and 

monthly), addressing the behaviour of As. In the monthly tests, the pH 

dropped and As was removed from the solutions. Both leaching tests, static 

and with agitation, suggested slight acidification of water in contact with 

tailings. The temperature however, as indicated by the static leaching 

test, will inhibit the acidification process considerably. 

The elements present in concentrations below 0.5 mg/l (Figure 4c),  Ba, Cd, 

Ce, Co, Cr, Pb, Ti, V and Zn, show irregular patterns with time and with 

treatment. Exceptions may be the elements Ce, Pb and Zn, all indicating in 

two temperature treatments, lower concentrations after 3 months. It could 

be argued that this might be expected, given the experimental conditions of 

the static leach, but on the other hand, it may also indicate that indeed 

the leachability of elements from the tailings is curtailed with time. None 

of the elements determined in the scan analysis (40) increased over time, 

and those not present were at the detection limit. The metals Hg <0.01 and 

Ni <0.01 were also determined, but present below their detection limits with 

Inductively Coupled Plasma Spectroscopy. The elements given in Figures 3 

and 4, were those which could be determined in the water in most treatments 

at concentrations consistently above the analytical detection limit. 
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The data obtained in the long-term leaching experiments therefore, suggest 

within the limits of the experimental design, that the elemental 

concentrations in water in contact with tailings from the Lupin operation 

appear to indicate no significant water-quality problem in the long term. 

However, the importance of the cold temperatures in the tailings is clearly 

indicated by the static leach experiment. The trends due to temperature 

treahent are consistent over time and therefore emphasize the environmental 

implications noted for the acidification. 

3.4 Nanisivik operation background 

The mining characteristics of the Nanisivik operation are: 

Location: 

The mine is located on Strathcona Sound on the northern tip of Baffin 
Island. 

Ownership : 

Nanisivik Mines Ltd. is a wholly owned subsidiary of Mineral Resources 
International Limited. MFlI increased its interest by purchasing 6.5% 
of Nanisivik stock owned by Kidd Creek to bring MRI's interest to 59.5% 
as of March 31, 1985. Subsequently, MRI purchased a further 11.25% 
interest from Metallgesellschaft Canada and Billiton Canada. In 1986, 
Nanisivik purchased the 18% interest of the Government of Canada. 

History : 

Ore treatment/concentrate production began by the end of September, 
1976. On the 6th of December, 1976, an underground fire disrupted 
mining activities. 

Mining was extended in 1984 .to a new deposit. discovered in 1982, 
located 5 km from the mill site where ore grades are above average. 
Mining also commenced in a new sulphide zone lying approximately 50 m 
below the main ore body. 
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Tailings : 

By April, 1977, the mill was treating 1,630 tonnes per day, which 
represents the average milling rate of the operation. By 1986, this 
mine had produced about 4.5 million tonnes of tailings which assays an 
average 0.55% Zn, 0.08% Pb, 36.3% Fe and 13 g/tonnes of Ag. 

Tailings, recycle water and potable water is transported through a 
triple pipeline. Process water is recycled from the tailings area, 
West Twin Lake, located 3.7 km from the concentrator. Fresh water is 
drawn from East Twin Lake located half a kilometer further east. A n  
overview of the property indicating the tailings location and other 
relevant aspects of the site is given in Map 3. 

NORTH ZONE 
\-.- MILL 

Map 3: Overview of Nanisivik Mineralization 
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3.5 Field investigation 

The landscape at Nanisivik is dominated by the presence of rocks and ice. 

The mining activities are barely noticeable, as adits, rock piles and some 

colourful pipelines appear as minor changes to the landscape of this rock 

dominated environment. 

A characteristic of this area is the Occurrence of unmineralized and 

mineralized pyrite zones (Map 3). A n  evaluation of areas where acid 

generation might occur under natural conditions unrelated to the mining 

activities, and areas where the same phenomenon occurs as a result of 

exposure to mining activity, is of interest. The environmental conditions 

which may prevail after shut-down of mining operations can be obtained from 

an understanding of the natural processes which take place in the,pyritic 

exposed areas. The investigation was therefore functionally divided into 

two groups (Map 4):  natural conditions surrounding the tailings basins (Map 

4a) were described and then compared with areas with mining and exploration 

activity (Map 4b). 

In Table 3, the values of measurements of pH and electrical conductivity in 

the East and West Twin Lake watersheds are summarized, together with those 

obtained in the vicinity of the waste-rock pile, the treatment plant in 

Shale Hill area, and around the water tower. The locations where the 

measurements were obtained are indicated on Maps 4a and 4b (code S )  . The 

creeks with small quantities of running water were differentiated on the 

basis of the presence or absence of pyrite showing. The creeks were 

followed downstream until they reached a major water body or until the creek 

disappeared into the ground. 
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Map 4: Overview of selection of investigated areas. 



- 33 - 

Map 4a: Sampling locations in West and East Twin Lake drainage basins 
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Map 4b: Sampling locations in mineralized areas and those subjected to 
mining activity 
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S1 
S 2  
S6 
S7 

S12 
S14 
S 1 3  
S15 
S16 

S 3  
S 4  
S5 
S8 
S10 
S11 
S 1 7  
S 1 8  
S19 
S 2 0  

1 1  -CODE LOCATION 

WEST TWIN L. 6.5 120 a 
WEST TWIN L. 5.4 20  1 
WEST TWIN L. 5.6 3 0  6 
WEST TWIN L. 5.6 20  1 
WEST TWIN L. 7.5 150  4 
WEST TWIN L. 7.7 350 - 
WEST TWIN L. PYRITE 7.1  1000 5 
WEST TWIN L. PYRITE 7.9 800 - 
WEST TWIN L. PYRITE 3.9 1300 5 
EAST TWIN L. 5.9 140  6 
EAST TWIN L. 6.7 90  7 
EAST TWIN L. 6.4 180 7 
EAST TWIN L., ALGAL MAT 6.6 45 6 
EAST TWIN L. 5.6 75 6 
EAST TWIN L. 5.9 15 6 
EAST TWIN L. DISCHARGE 5.8 20 6 
EAST TWIN L. 6.9 40 6 
EAST TWIN L. 5.7 20 6 
EAST TWIN L., B-G MAT 6.5 20  5 

___---__________________________________------------_------  

TEMP- I I PH COND. 
(umhos/cm) (" C) 

S21 
S 2 2  
S23 
S27 

S 2 4  
S25 
S26 
S28 

S29 
S 3 0  

S31 
S35 

S36 

S 3 7  

S42 

WASTE ROCK PILE SEEPAGE 6.8 6000 1 
WASTE ROCK PILE SEEPAGE 6.7 3700 4 
WASTE ROCK PILE SEEPAGE 6.9 2400 4 
WASTE ROCK PILE SEEPAGE 7.9 1200 - 

TREATMENT PLANT 8.4 1800 6 
TREATMENT PLANT 7.2 5000 - 

7.9 900 - TREATMENT PLANT 
6.7 6000 - TREATMENT PLANT POND 

SHALE HILL POND 7.8 900 4 
SHALE HILL POND 7.6  1900 4 

SHALE HILL ISOLATED POOL 6.8 7500 5 
2.6 600 - 

3 .4  600 - 

NON-Fe SAMPLE 

SEEPAGE 

DISCHARGE 

WATER TOWER 

WATER TOWER 
PYRITE OUTCROP 

PYRITE OUTCROP 
46 M DOWNSTREAM 

PYRITE OUTCROP 
63 M DOWNSTREAM 

COLLECTION POOL 

- - WATER TOWER 5.2 

- WATER TOWER 3.5  600 

_ _ _ _ _ _ - - - - - -  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  _ _ - -  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Table 3: pH, Conductivity and Temperature of surveyed areas 
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From the values of pH and electrical conductivity, as well as from the 

temperatures, the following observations can be made. The running water in 

all locations is neutral to alkaline, with a few interesting exceptions. In 

locations ,516 (watershed of West Twin Lake), and in location S35 (around the 

water tower), (Map 4a), the water is acidic. These creeks were followed 

downstream some 60 to 90 m, where the water is neutralized after running 

over dolomitic gravel. This acidic water does not have higher 

conductivities, as is expected in more temperate climate. The water leaving 

the waste-rock pile (S27) with pH of 7.9, has a conductivity of 1,200 

umhos/cm, compared to sampling locations S35 and S36, where the pH's are 2.6 

and 3.4 respectively, with conductivity 600 umhos/cm. All waters 

investigated which have been in contact with mining activities have 

generally higher conductivities, but are not necessarily acidic (S24 to 

S31). Calcium chloride (CaC1, ) used during drilling, together with remnants 

from the blasting, are likely the cause of these elevated electrical 

conductivities. The observations presented in Table 3 indicate that 

acidification does occur despite the very low temperatures measured, ranging 

from 1 to 8°C. However, given the presence of the country rock shale and 

dolomite, the water is neutralized by coming in contact with the rocks. 

In Table 4, water samples 1 to 4 (Maps 4a and 4b), represent creeks and 

water bodies which are not associated directly with mining activity. In the 

Shale Hill area (Location 1, Map 4b), exploration activities are evident, 

hence the conductivity of 3,000 umhos/cm of the water. The samples from 

locations 5 to 8 were associated with mineralization and the presence of 

pyrite. The metals As, Cd, Cu, Hg, Pb and Zn have been selected for 
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evaluation, as they are identified for monitoring as part of the water 

licence for Nanisivik. These elements show similar concentration ranges in 

the samples 1 to 4 of the non-mining locations, as in samples 5 to 8, 

collected in the disturbed locations. Indeed, the concentrations of As are 

slightly higher in non-mining locations, with an average of 0.028 mg/l for 

the 4 "clean" samples, and an average of 0.006 mg/l for the 4 mining-area 

water samples. For lead, the two groups of samples do not show any 

differences, as for both groupings the average value is around 0.45 mg/l. 

Distinct differences are evident as expected between the groups of water 

samples for the concentrations of Zn, S, Ca, Mg. These elements are higher 

by at least an order of magnitude in the areas with mining activities, 

excepting the water from Shale Hill. 

The samples 9 and 10 (Map la) are waters collected from two acid creek 

systems (A.C. #1 and A.C. #2) in the West Twin Lakeswater shed, both 

originating from pyrite outcrops. The concentrations immediately below the 

outcrop and those in the water collected 85 to 90 m downstream, are 

presented for both creeks. Acid creek #1 had been neutralized over this 

distance, indicated by a pH increase from 2.5 to 6.3, and Acid creek #2 had 

increased from 4.3 to 6.1. All elemental concentrations have either 

decreased significantly or not changed due to neutralization by country 

rock. 
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These elemental compositions of the water suggest two main aspects. The 

nature of the country rock (dolomite and shale) is very beneficial in 

neutralizing the acidic conditions which do occur naturally and in 

association with the mining activities. The concentrations of Pb are 

generally around 0.5 mg/l in the area and do not appear to be associated 

with mining activities, nor the acidic conditions. 

In Table 5, the elemental characteristics of the solid samples are 

presented. The metal concentrations in tailings (sample Locations 11, 12 

and 13, Map 4a), can be compared with those of an undisturbed mineralized 

pyritic outcrop in the Oceanview area (sample Location 14, Map 4b), with 

those of an undisturbed non-mineralized pyritic outcrop. Further elemental 

concentrations of weathered material originating from shale and dolomite 

piles (sample Locations 15 and 16, Map 4b), and East Twin Lake sediment 

(sample Location 4, Map 4a), are given. With the exception of the sediment 

samples, all materials are weathered and assumed to be representative of 

long term conditions. 

The concentrations of As, Cd, Pb and Zn are highest, as expected,in the 

mineralized material from Oceanview. The tailings have a copper 

concentration of 300 - 500 mg/kg, compared with <10 mg/kg in all other 

samples. Copper sulphate is used as a flotation modifying agent, at a rate 

of about 600 g/ton during milling. This is the likely source of copper in 

the tailings. The concentration of Pb, on the other hand, is lower in the 

tailings (2,000 to 3,000 mg/kg) than in the mineralized material from 

Oceanview (44,000 to 90,000 mg/kg), and only slightly higher than the 

concentrations in mineralized pyritic outcrops (700 - 1,000 mg/kg). 
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Shale, dolomite and the sediments in East Twin Lake do contain some lead, 

one order of magnitude lower than the tailings, i.e. 500 mg/kg as compared 

with 3,000 mg/kg. The concentrations of Zn, comparing the different 

materials, display a similar distribution, but the differences are less 

distinct. 

The Comparison of the concentrations of Fe, S ,  Ca, Mg and Na in tailings and 

in the other weathered materials indicate some interesting aspects. Shale 

and dolomite contain concentration ranges of Ca which are similar to those 

in the tailings (11% and 19%, and 11% and 9%, respectively), whereas the 

sulphur concentration is considerably lower than in the tailings. Also, in 

shale and dolomite, the concentrations of Mg are high. As these elements 

are probably present as carbonates, the neutralization ability of the 

material observed in the acid creeks is expected. The sediments in East and 

West Twin Lakes are very similar in composition to shale and dolomite, with 

lower concentrations of calcium. These comparisons of compositions of 

tailings and weathered material suggest that the tailings material will not 

pose any long-term environmental conditions which are significantly 

different from those of the area at large. 

Given the low temperatures in this region of permafrost, the question of 

microbially-mediated acid generation arises. ThiobaciLli generally have 

temperature requirements considerably higher than those attained in this 

environment. Samples of the old tailings and material below the pyrite 

outcrop (sample Location 9) were tested for the presence of bacteria. In 

all materials ZWobaciLli were obtained from an initial culture at 12OC. 
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However; a second generation could not be developed, with the exception of 

the sample taken at the source of Acid creek #l. The cultures exhibit very 

slow growth rates even at this elevated temperature. This suggests that 

although the microbes are present, they require low temperatures and work at 

slow rates. After evaluating the water characteristics (Table 4 ) ,  and the 

solid weathered material (Table 5 ) ,  one is lead to the conclusion that 

tailings and the general area are not significantly different. The tailings 

water should, in principle, not differ drastically from the water 

characteristics found in other locations in the area. The water quality in 

the tailings pond is summarized, differentiating 3 locations within West 

Twin Lake (Table 6). Water was collected in the area where tailings are 

being discharged, in the contained section of the pond, (representing a long 

term test section), and at the decant of West Twin Lake. Monitoring data 

from the company's annual report (Nanisivik) are presented for comparison 

with these water analyses. Monitoring data are derived from unfiltered 

samples. The concentrations determined by our method are within the range 

of values found in the monitoring data. This indicates that our analyses 

are in general agreement, and do not represent unusual conditions. The 

concentrations of As, Cd, Cu, Hg, Pb and Zn are well within the ranges noted 

for natural or mineralized areas ( T a b l e  4 ) .  Indeed, it could be argued that 

the tailings water is of slightly better quality than, for example, that of 

the acid creeks. 

Although it appeared unlikely that Biological Polishing processes are 

feasible in this environment, a potential for their -application does exist. 

The most significant observations were those made at the outflow of the 

creek close to the concentrate loading dock. This creek receives the 
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tailings overflow and all other discharges from the site, including the 

effluent from the sewage treatment plant. A dense mat of attached 

filamentous algae, identified as Ulothix sp. in association with 

Monoraphidium spp. and other small green unicellular algae, was found. The 

algal filaments occur as dense mats attached to rocks in the fast flowing 

creek. 

Table 6: Tailings Solution Composition: Current Report and Monitoring Data 
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Algal material was collected and analyzed for elemental concentrations. The 

results are given in Table 7 ,  together with the water characteristics 

extracted from the annual report for sampling station 159.6. The 

concentration factors, the ratio between the concentrations in the biomass 

( d r y  weight) and the minimum and maximum concentrations in the water, are 

remarkably high for lead and zinc. T h i s  is not too surprising, as U l o t h r i x  

spp. are the main species suitable for biological polishing processes. The 

algal Occurrence in the outflow of the creek to Strathcona Sound is probably 

due to the addition of the effluent from the sewage-treatment plant 

upstream. The concentrations in this algal mat of Pb and Zn (0.08 and 0.6% 

d r y )  represent an improvement of the water quality. 

A second group of algae with biological polishing potential was identified 

in pools of water with low flow-through rates in the areas of East Twin Lake 

and Shale Hill. Algal mats, either composed of blue greens with the mat- 

forming Oscillatoria spp. or nitrogen fixing algae Nostoc spp. , were 

present. Other species associated with these algal mats are given in the 

appendix. Mats of these blue green algae were found to have colonized slow 

flowing water, where they filter suspended particulates or are covered with 

iron precipitate. The utilization of these algal mats, in conjunction with 

sewage, fertilizer and permafrost stabilizing measures, could lead to a 

self-sustaining remedial process functional in the long-term. 
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PH 

CONDUCTIVITY 
(umhos/cm) 
TEMP (“c) 

lEMENTS (mg/L ) : 
ARSENIC 

CADMIUM. 

COPPER 

MERCURY 

LEAD 

ZINC 

IRON 

SULPHUR 

CALCIUM 

MAGNESIUM 

SODIUM 

ALGAE 

(10 

<10 

<10 

<10 

800 

6000 

33998 

34000 

86539 

57294 

WATER C.F. 
(FROM MONI- 

TORING DATA) 

53-320 - 

1 .5- 5.1  - 

N.R. - 

<0.001-0.001 < 10000 

53-320 

1 .5- 5.1  

N.R. 

<0.001-0.001 

- 

- 

- 

< 10000 

N.R. 

N.R. 

<0.001-0.077 800000-10390 

0.052-0.996 115384-6020 

N.R. 

N.R. 

N.R. 

N.R. 

Table 7: Algae Composition, Water Quality and estimated Concentration 
Factors 
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3.6 Desk assessment:' Pine Point and Salmita 

Both these operations are farther south than the sites vis,,ed for field 

investigations and their vegetation region has been discussed previously. 

The mining area of Pine Point is outlined in Map 5 .  This large mining camp 

where 40 ore bodies occur in an area about 32 km miles long and 8 km wide, 

has sustained open-pit mining activities since 1964. Details of this base- 

metal operation extracting Pb and Zn, are given in the appendix. 

The waste-management area at the time of close-out will consist of waste- 

rock piles, open pits and the tailings. 54,400,000 tonness of tailings are 

contained in an area of 445 ha confined by earthen dikes on three sides, and 

a natural ridge of the .land on the fourth. The tailings have no acid- 

generating potential, as the ore was contained in dolomite and calcite, with 

low sulphur content. This will also be the case for approximately 

208,700,000 tonness of overburden and waste rock, estimated to have 

accumulated by 1985. 

From the mineralogy of the area, it does not appear that water quality 

concerns are relevant in the long term. The hydrological conditions of the 

area will reach a new equilibrium after pumping from the open pits has 

ceased. Although some pit walls were grouted in 1985, an effective seal was 

not achieved, and the grouting was discontinued. It can be expected that 

the open pits will fill up with water, forming man-made lakes. The 

electrical conductivity of the water-might initially be. somewhat higher than 

background, due to solubilization of drilling and blasting reagents. Once 

the water levels in the region have reached equilibrium, natural background 

characteristics of the water are expected in the long term. 




































































