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SUMMARY 

The experiments for the development of Ecological Engineering 

methods on the Levack site in 1986 addressed three main aspects: 

(1) the covering of pyrrhotite with waste water as well as the 

promotion of growth and establishment of indigenous species: 

(2) the chemical and biological mechanisms at work in the seep- 

ages from the tailings: and 

(3) improving the surface water in contact with the pyrrhotite. 

The results for each of these three aspects are summarized below. 

(1) The experiments were based on the results obtained from the 

investigations carried out in the previous year (Kalin, 1986). 

The utilization of waste water, indigenous plants and amendments 

to improve the water quality on the surface of the waste manage- 

ment area and that leaving acid generating waste management 

areas, are major tenets of Ecological Engineering. 

The distribution of waste water was found suitable for  ameliora- 

tion of the pyrrhotite surface, however intermediate size dams 

were too difficult to construct due to the unstable ground. Seed- 

ing of the mine slimes with semi-aquatic indigenous species 

requires some testing of the methods used to keep the seeds in 

place. However, the transplanting of cattails proves to be a 

cost effective method. Cattails transplanted in clumps doubled 

within the first three months, and those transplanted in 1985 

increased by 200% by the end of the growing season. 
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Observation of moss cover growth over 2 years suggested that two 

main growth phases exist, early spring and late summer. Fertili- 

zation may be effective in promoting growth during these phases. 

Colonization patterns of vascular plants indicated that straw 

mulch does not assist in cattail seedling survival but appears to 

promote the establishment of other vascular plants. 

The Chara populations introduced from Timmins indicated growth in 

the mine water retention pond. The new shoots survived a signif- 

icant pH depression which occurred during heavy rainstorms. 

Based on the results obtained from these investigations, a close- 

out scenario accommodating waste rock, mine water and possible 

improvements in effluent quality was developed. 

(2) The removal of iron at the foot of a seepage, concurrent with 

a pH decrease described in detail in 1985, was confirmed. The 

iron accumulation in the grass pool appears to be a process which 

has taken place over a considerable period of time, given that 

the wetland is accumulating organic matter. In areas of medium to 

dense grass growth of the pool, 35 to 40 kg of iron precipitate 

(dry weight) have accumulated, along with 3 to 4 kg of organic 

matter per square meter in the grass pool. The biomass provides a 

surface for iron precipitation and it is therefore essential to 

determine the growth behaviour of the grass, particularly in 

those areas where the grass is sparse. 
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Experimental cells have been built at the foot of the seepage 

creek to initiate tests for removal of metals from the acidic 

water resulting from iron removal. Some indigenous species have 

been introduced and appear to have grown. The chemical data col- 

lected in the cells serve as background for future work. 

( 3 )  The sulphate concentrations in the pre-bog acid creek cells 

which had received various organic amendments to assist in 

improving the chemical conditions of this extremely acidic water, 

consistently increased from June to September in all cells, 

regardless of the type of amendment made to the cells. Metal 

concentrations did not show any consistent trends due to amend- 

ments, however treatment with fodder produced a striking colour 

change. The clear coloured water is presently explained by the 

reduction of ferric iron to ferrous iron. It is postulated that 

the reduction is mediated by microbial action, with the possible 

involvement of a synergistic population of bacteria consisting of 

two distinct populations. One group of bacteria which might pro- 

vide a nutrient source for the reducing population was identi- 

fied. 

In summary, it can be concluded that the results of the cattail 

transplant experiments and the work on the promotion of indige- 

nous species, in conjunction with the use of waste water, warrant 

application of the methods developed. The results from the work 

on Biological Polishing of seepages and extremely acidic water 
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strongly indicate that the objectives for improving water quality 

by the use of self-sustaining Ecologically Engineered treatment 

systems have progressed beyond the conceptual stage. 
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1.INTRODUCTION 

The Levack tailings area has been the focus of research activi- 

ties since 1984. The site consists basically of a pryyhotite 

surface with mine slimes forming a fan and meandering in channels 

of mine water and sandplant water, leaving to the mine water 

pond. A detailed description of the site and the work carried 

out to date has been given in a report entitled 'Ecological Engi- 

neering Tests of Concepts and Assumptions on Levack; Year 1 

Ecology' (Kalin, 1986). 

Various experiments have been implemented which aim to develop 

Ecological Engineering procedures. The approach is to utilize 

and promote indigenous plants to improve water quality on the 

tailings and water leaving the tailings. The procedures will be 

particularly applicable for close-out and abandonment of tailings 

areas when waste water treatment facilities are to be withdrawn. 

Some results of the work carried out during 1985 are relevant to 

an understanding of the objectives defined for the 1986 work, and 

have been summarized below. 

1) Boomerang Dams: Sealing of pyrrhotite surface with waste water 
and the promotion of organic matter development 

In several areas on the Levack site, different introduction and 

expansion methods for indigenous species to acidic and alkaline 
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conditions were tested. The growth of the transplanted cattails, 

as well as the response of mosses and cattail seedlings to vari- 

ous amendments, were encouraging. 

Different distribution systems for waste water were tested. A 

stream system, consisting of half-moon shaped ridges, referred 

to as Boomerang dams, were found suitable for the distribution of 

mine slimes over the pyrrhotite surface. 

The objectives of the 1986 program were therefore: 

a) to test the scale-up of the Boomerang dam concept: b) evaluate 

the changes in waste water characteristics due to sealing of the 

pyrrhotite surface with mine slimes and sandplant suspended 

matter: and c) further address the promotion of organic matter 

production in extreme alkaline water-saturated conditions. With 

respect to the promotion of organic matter, the investigations 

focused on factors which might affect the transplanting of cat- 

tails and the distribution, as well as the perishing, of the 

mosses and cattail seedlings. Finally, since considerable growth 

of introduced Chara had occurred in 1985 which was followed by a 

sudden, unexplained kill of the shoots, further tests with Chara 

were warranted in the mine water pond. 

2. Seepages from tailings: If self-sustaining treatment systems 

for seepage water resulting from tailings dams could be devel- 

oped, they would assist water quality control in many situations 
0 
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were continuous recycling is presently required or where treat- 

ment of the water is not feasible from an economic standpoint. 

In an area referred to as Seepage Creek, the possible role of 

filamentous green algae as biological polishing agents was inves- 

tigated in 1985. The algae were found to provide a large surface 

area for precipitation of iron. Significant removal of iron was 

noted to occur consistently over three sampling periods in 1985. 

The objectives in 1986 were therefore to confirm the chemical 

behaviour of the Seepage Creek and investigate further parameters 

of the iron removal process. Experimental cells containing the 

acidified water with reduced iron concentrations were built at 

the end of the seepage to initiate development of a biological 

polishing system to reduce sulfates and metals in the water. 

3) Pre-bog acid creek: Pyrrhotite surface water improvement 

tests: During 1985, test cells were created by damming water in 

a pyrrhotite erosion channel with dams to produce a constant sup- 

ply of surface water quality representative of that of creeks and 

or puddles in contact with pyrrhotite. These extremely acidic 

conditions (pH 2.5) with iron concentrations of 1000 to 2000 

mg/l, sulphate concentrations of 4000 to 6400 mg/l and acidities 

which can be as high as 15,400 mg/l, certainly qualify as the 

worst type of surface water associated with pyritic inactive 

tailings. Nevertheless the water is colonized by attached algae, 

namely Euglena mutabilis, which suggests that this water is not 
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an entirely abiotic condition. 

Measures which could lead to improvement of these water charac- 

teristics would clearly lead to reducing the contaminant load 

originating in those conditions where contact of the surface with 

pyritic material cannot be avoided. 

In this area, referred to as pre-bog acid creek, the objective of 

1986 was the testing of different organic amendments and an eval- 

uation of their potential as materials to assist in the altering 

of the conditions so as to facilitate the introduction of acid 

tolerant wetland species. 

2. METHODS 

The locations of the 6 experimental areas on the Levack site are 

given in Schematic 1. Details of the methods have been given in 

the previous report and only a brief description is given below 

of the main aspects of the work. 

2.1 Distribution of mine slimes over pyrrhotite 

The half-moon shaped boomerang dams were to be constructed out of 

broken pyrrhotite by a tractor with a rear mounted blade. Seeding 

was carried out by seeds contained within cheesecloth bags which 

were fastened with stones to the mine slimes. Clumps of cattails 
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R O A D  FROM 
MAIN GATE 

TAILINGS PIPE 
TRESTLE 7 

OVERVIEW OF EXPERIMENTAL AREAS 
ON T H E  LEVACK TAILINGS 

Schematic 1 Overview of experimental areas 

SCHEMATIC I 
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and sedges, consisting of rootstocks and the upper green portion 

of the plant were placed into the mine slimes in a manner that 

ensured that the green portion was upright. 

2.2 Chara introduction tests 

Wire racks covered with onion netting of 0.5 m2 were filled with 

Chara plants from two different locations in the Timmins area 

(Langmuir and Schumacher). The rack is filled with plant mate- 

rial to about 2 cm thickness. These racks are then placed on the 

mine slimes which form the sediments of the mine water pond. The 

Chara racks are marked with a styrofoam float. Observations on 

growth were made on one rack of each introduced type by recover- 

ing the rack. On the remaining 10 racks, visual observations 

were made but the racks were not disturbed throughout the growing 

season. 

Within a 2 x 2 m frame, consisting of 2 x 4 wooden planks fixed 

into the sediments of the mine water retention pond, 2 coolers 

full of Chara (not contained in racks) from a third location in 

Timmins (Hollinger) were introduced by trampling the plants into 

the mine slimes. 



- 11 - 

2.3 Cattail growth and transplanting 

Cattail growth was assessed by counting overwintered plants, new 

plants and measuring their heights. Transplanting was carried 

out by excavating rhizomes with the green portion of the plant. 

Clumps of cattails, containing on the average 2 to 5 plants, were 

transported in buckets and immediately transplanted in three 

experimental areas (Schematic 2). The three areas differed in 

the degree of water saturation, exposure to drought and presence 

or absence of volunteer cattail colonization. 

The transplanting depth was kept as shallow as possible, not 

exceeding 25 cm. The cattail clumps were secured into the mine 

slimes with footsteps in those areas which were not too water- 

logged. Each clump of the transplanted populations was mapped 

with reference to the transect line along the mine water reten- 

tion beach (Schematic 2). 
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K E Y  

0 1985 CATTAIL TRANSPLANTS 

01986 CATTAIL TRANSPLANTS 

0 FERTILIZED AREA 

'IRANSECT \ 

Schematic 2 Locations of fertilization and cattail transplant 

pots 
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2.4 Indigenous species distribution and survival 

The percentage cover along the transect was estimated for bare 

tailings, moss cover, cattail seedlings and sorrel in July and 
n 

September. Areas of 300 mL were fertilized with a hand operated 

fertilizer spreader along the transect, with light application of 

fertilizer (6-24-24) (app. 40gr/m ). Further fertilizer applica- 

tions were carried out along the section of the transect running 

along the island (Schematic 2 )  which differs in the degree of 

shading compared to the other transect section. Seven areas of 

approximately 10x10 m were selected with different degrees of 

shading and different degrees of indigenous vegetation cover. Two 

types of fertilizer applications were made: heavy, consisting of 

20 kg/ 100 m : and light, 12.5 kg/100 m . 

2 

2 2 

2 Fertilizer was also applied on approximately 55 m2 (300gr/m ) of 

the moss amendment experiment which is located in close vicinity 

to the mine water and sandplant discharges (Schematic 1). 

2.5 Seepage behavior and experimental cells 

The seepage creek characteristics of all stations were described 

and water sampled in May to determine if changes had occurred 

during the winter month. In subsequent month, water was sampled 

only from stations I, I1 , I11 and VII at monthly intervals The 

locations of the sampling points, the precipitation pool and the 
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experimental cells are given in Schematic 3. 

Schematic 3 Locations of the seepage creek sampling stations and 

experimental cells 
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The iron precipitation section (brome grass pool) was assessed in 

relation to areas with dense, medium and sparse alive grass 

cover. Estimates of the required sampling size for below-ground 

matter and precipitate were derived by inserting a tailings pipe 

cylinder of 30 cm diameter to the bottom of the precipitate 

layer. The entire sample was separated by washing the precipitate 

through a mesh, thereby separating precipitate and dead organic 

matter. Based on the dry weight estimates from this first sample, 

sediment cores of 5 cm diameter were found adequate for 

assessing various areas within the pool, with different above- 

ground densities of live grass. Several cores for each surface 

type were collected. 

The precipitate was separated by washing with tap -water through a 

Taylor mesh, collecting the washings in a bucket. Water was eva- 

porated slowly to obtain a air dried precipitate. Dead organic 

matter was also air dried. Dry weights were measured to the near- 

est 5 grams. 

Above-ground live grass cover was collected in the beginning of 

the growing season in May and in July. Grass was cut in approx . 
0.25 m areas, air dried, and weighed to the nearest 5 grams. 2 
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2.6 Pre-bog acid creek amendments 

The pre-bog acid creek was equipped with curtains of cotton blan- 

kets, manufactured by Verdiol, normally used for adsorption of 

oil spills, to contain the amendments . The location of the 
experimental cells is given in the overview (Schematic 1). The 

amendments were entered at once into the cells after some testing 

of settling behavior indicated that most materials were floating 

for at least 24h. The amendments were distributed in the cells 

in an attempt to establish a sequence of denser application to 

lighter application. The water depth, length and width of exper- 

imental cells and the type of material used are summarized in 

Table 1. 

Table 1: Description of pre-bog acid creek cells 

Cell Cell Dimensions Water Amendment 
code length width depth Colour added 

A0 5 2.0 20-50 red none 
A3 5 2.5 40-50 red peat 
B1 17 1.5 30-40 red fodder 
B2 3 2.0 20-40 red fodder 
B4 71 2.0 50-70 red none 
c1 45 1.0 10-30 red woodwaste 
c4 43 3.0 20-25 red overburden 

.................................................... 

m m cm .................................................... 

.................................................... 

Water was sampled prior to application of amendments, followed by 

monthly sampling intervals. During each sampling period, the tem- 

perature, pH and conductivity were determined in the field, using 
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a Y.S.1 conductivity meter (Model 33) and a Corning Ph meter 

(Model 103) equipped with a Canlab combination gel-electrode. The 

pH meter was buffered at pH 4 after every third measurement. 

2.7 Analytical methods 

All samples were acidified with nitric acid to pH 1 or lower 

without filtration. Samples for acidity and sulphate determina- 

tion were neither filtered nor acidified and were analyzed within 

24 hours of collection. Sulphate and acidity were determined by 

Assayers Ontario, as well as the elemental concentrations in 

waters associated with the experimental cell in the seepage 

creek, by Inductively Coupled Plasma Spectrometry . All other 
analyses were carried out by Inco Limited Process Technology Lab- 

oratory. Those samples collected over the period of June to 

August were stored at 4 OC until the end of summer shut-down. 

3. RESULTS AND DISCUSSION 

3.1 Distribution of mine slimes over pyrrhotite 

The characteristics of the waste water from the mine and sand- 

plant which discharges into the mine-water retention pond are 

summarized in Table 2. The differences noted in concentrations of 

Ni, Cu, CO, Fe, Mg in water collected in June 1985 and September 
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1986 are those most likely due to shut-down. The lower concentra- 

tions in the mine water are expected during shut-down and the 

higher concentrations are expected during operation of the mine. 

Liming requirements differ during these periods, but more impor- 

tantly these different waste water characteristics result in pre- 

cipitates with largely different metal concentrations. The water 

characteristics found in the mine water pond, are however rela- 

tively consistent, compared to the differences in elemental com- 

position of the water which runs into the mine water pond (Table 

2). This is likely due to the contact with the lime and precipi- 

tate in the pond. 

The pH and electrical conductivity of the water in the mine water 

pond was monitored during a period of extensive precipitation in 

1986 (Table 3). In June, the pH of the pond was very alkaline, 

with ranges in pH values of 11.0 to 8.7. These dropped with sev- 

eral severe thunderstorms by the end of July down to pH 3.3. The 

electrical conductivity does not increase as the water is acidi- 

fied. This might be due to a reaction of the sulfates with the 

alkaline precipitate in the mine water retention pond. A hard 

encrustment was noted, covering the pond precipitates. However, 

the metal concentrations in the mine water retention pond are 

subject to fluctuations during precipitation events due to pulses 

of acidic run-off from the pyrrhotite surface ( Table 3). 
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The water in the pond does not mix well. Run-off forms specific 

flow patterns leading to point discharges of acid water to the 

pond. This suggests that after a rainfall a lag time is to be 

expected during which the water characteristics in the pond will 

change slowly. 

Measurements of the pH and conductivity in the flow channels of 

the mine water between the discharge from the pipe and the 

mine water pond were carried out on three occasions (Table 

4 ) .  The pH fluctuations in these flow channels were drastic, 

ranging from 10.7 to 3.2 or lower, and similarly large fluctua- 

tions in electrical conductivity, ranging from 1000 to 5000 

ummohs/cm were measured. 

The waste water flows in channels in which a lining of lime pre- 

cipitate and or mine slimes is formed. However, the reactivity of 

the water itself and contact with pyrrhotite clearly affects the 

discharged water immediately upon release from the pipe. The 

measurements in July were taken during a period of severe thun- 

derstorms, suggesting that general acidification of the water 

occurs rapidly. 

It would appear therefore, that a reduction in the fluctuations 

of the water characteristics in the mine water pond would not 

necessarily result from changes in liming activities. Suspended 

solids which are plentiful in the mine and sandplant water 
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(2.5 to 3.8 g/l) are distributed as a covering over the pyrrho- 

tite surface and would provide some means of obtaining a more con- 

sistent water chemistry of the site. 

The half-moon shaped Boomerang Dams, tested in 1985, indicated 

promise in retaining this material to cover the pyrrhotite, how- 

ever, their construction on a larger scale, using machinery 

proved extremely difficult. The unstable ground resulted in 

repeated sinking of the machinery making its use impossible. 

Dams created in this manner were minimally effective in accumu- 

lating mine slimes. However, one diversion into an eroded chan- 

nel, indicated that within a period of one month large quantities 

of suspended solids could be accumulated (Plate 1). 

Given the difficulties encountered, a scale-up from the small 

experimental concept to a larger intermediate stage was not pos- 

sible. However, it is expected that more substantial structures, 

constructed by a push and fill method, would be effective. 

On the mine slimes accumulated behind the dams, transplanting 

tests of cattails and sedges indicated growth and some overwin- 

tering success. Attempts to seed the mine slimes failed since the 

flow is too strong and the cheesecloth and the seeds get washed 

away. Those seeds which were retained did not indicate signs of 

germination. 
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Plate 1: Suspended solids filling a pyrrhotite erosion channel  

 
 
 

The waste water characteristics described in Table 2 to 4, and                                                    
the indication that the suspended mater settles out over the                                                
pyrrhotite        and       does         not    alter   the       water        characteristics      in      the  
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retention pond suggest that an overall stabilization scenario, as 

outlined in Schematic 4, is likely to be effective in achieving 

the overall desired effect. 

Over a period of several years of continued mine operations, 

Boomerang Dams, built by push and fill on a larger scale with 

waste rock, would result in a moist cover of suspended solids 

over the pyrrhotite. During operation, the neutralized sandplant 

water and the mine water would provide sufficient moisture so 

that wetland vegetation, mainly cattails, can be introduced. The 

cattails, once established, would further assist in retention of 

mine slimes behind the dams. 

In the summer, during shut-down, parts of the site will dry up as 

the amount of water discharged to the site is reduced. From the 

existing cattail stands, it appears that a period of drought can 

be sustained by these plants. The mine slimes appear to have a 

high moisture retention, or at least sufficient for cattails to 

survive the dry summer months. The suspended solids in the waste 

water might ultimately result in sealing the waste rock dams as 

operation of the mine continues. Some water might therefore be 

retained behind the dam and would overflow, at which time it 

should be contained in the second Boomerang Dam. As the waste 

waters are relatively high in dissolved sulphate (700 to 1600 

mg/l), it is reasonable to expect some acidification. The intro- 

duction of a layer of organic material onto the settled solids 
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Schematic 4 Overview of Boomerang D a m s  and close-out scenarios 
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to provide isolation, and possibly some amelioration, by prevent- 

ing resolution of the metals from the slimes, is therefore indi- 

cated. This organic layer would be in the form of a wet- 

land/semi-terrestrial vegetation cover. In the long term, such a 

layer would contribute to the establishment of anaerobic condi- 

tions. 

In Schematic 4, some features envisaged for a final close-out of 

the waste management area, are included. Depending on the 

behavior of the waste water, the Chara process for biological 

polishing and buffering of the incipient water might be applica- 

ble. As the water discharge will cease at the end of the mine 

operation, the layer of organic matter created from the wetland 

vegetation would provide a good ground substrate for natural or 

assisted colonization of terrestrial species. 

Implementing this Boomerang Dam concept appears to be an eco- 

nomic approach leading to improved water characteristics leaving 

the site. It may reduce neutralization costs and save in expen- 

ditures required for the final shut-down of the site. 

3.2 Chara introduction tests 

The Chara introduction tests carried out in 1985, failed to 

result in persistent growth. The location of the racks was con- 
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sidered to be one of the problems, as well as some unusual fluctua- 

tion in pH in the mine water pond during 1985. 

On the 28th of June, 1986, Chara from populations growing on 

abandoned tailings ponds in the Timmins area (Langmuir and Schu- 

macher) were introduced to the north-west section of the mine 

water pond, adjacent to the gravel pit. New shoots emerged from 

the racks within the first month after introduction. The amount 

of growth differed between the populations. More new shoots 

emerged from the Schumacher populations than from the Langmuir 

population. 

It was expected that these new shoots were unlikely to withstand 

the drop in the water to pH 3.0, which occurred at the end of 

July. However by the 14th of October, shoots with, on the average, 

1 to 2 internodes long, were healthy. 

A detailed microscopic examination of the plants collected at the 

end of the growing season indicated that indeed the Schumacher 

plants are healthier than the Langmuir plants. This was expressed 

by an intact cortex (outer cell layer) on the internodes. The 

plants were calcified and had developed rhizoids which extended 

15 to 20 nun into the sediment. The new shoots from Langmuir, on 

the other hand, had developed on the average only one internode 

where the cortex was not intact and no calcification of the 
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plants was noted. The plants introduced by trampling into the 

sediment in August from a third location (Hollinger), were also 

alive and healthy in October. 

These growth results indicate that the mine water is suitable for 

further development of the Chara Process and that indeed the 

plants have the ability to sustain acidification and recalcify. 

This is certainly an indication that a large Chara population 

could provide some buffering capacity for waste water. 

3.3 Cattail growth and transplanting 

In abandoned coal mine areas, establishment of wetlands is 

achieved through similar techniques used for establishing terres- 

trial vegetation, accompanied with amendments and fertilization 

(P.C. Kleinmann, 1987). Based on studies of cattail stands on 

uranium mill tailings, (Kalin, 1984) it is suggested that estab- 

lishment of cattail colonies should be possible without amendment 

and fertilization. Wetlands established without amendments would 

not only be more cost effective, but would likely provide more 

secure conditions for perpetual self-maintenance, since the 

plants are "adjusted" to the waste site conditions. 

Hand transplanting was carried out in 1985 along with studies 

addressing factors controlling stand development and expansion. 
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The overwintering and growth results are summarized in Table 5. 

The number of plants which survived indicates that over one 

growing season growth continued and generally a doubling of the 

number of plants in each stand had occurred. 

In a study of habitat partitioning and competitive displacement 

of cattails by Grace and Wetzel (1981), transplanted rhizomes did 

not survive in natural stands. These results are in contrast to 

those obtained from the tailings. The authors interpreted the 

failure of growth of the transplanted rhizomes due to active 

competition occurring within the stand. Since the transplanting of 

rhizomes and upper green parts of the cattails was in areas hav- 

ing no other cattails, the growth of the transplants clearly sup- 

ports their interpretation. 

It is believed that cattails form lateral rhizomes in late fall. 

In spring the rapid growth is based on the stored resources in 

these below ground shoots (Grace and Wetzel,l981). This would 
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suggest that growth in the first year of transplanting, during 

the early part of the growing season is less likely to result in 

good growth. In the second year, an increase in shoots should be 

pronounced, in the absence of competition in a mature stand. The 

results obtained indicate that indeed growth continues at a rea- 

sonable rate and therefore hand transplanting is indicated as an 

effective method of increasing cattail cover. 

Ecological studies in natural cattail stands, i.e. not on waste 

sites, suggest that the responses to water depth by the two 

species of 'Pypha latifolia and - T. angustifolia differ. In 

experiments were the water depth was controlled ranging from 15 

cm below ground, 15 cm above ground as well as 50 cm, 80 cm and 

100 cm determined that - T. latifolia was only growing to a depth 

of 50 cm, whereas T-angustifolia grew in water 100 cm deep. On 

the shore (-15 to 15cm), - T. latifolia was growing and 

T.angustifolia failed to grow. The water depth at which both 

species produced biomass was 50 cm (Grace and Wetzel, 1981). 

Given these results, it is not unreasonable to expect potential 

differences in growth of transplanted cattails. The species on 

the Levack site is likely T.latifolia or the hybrid between 

T.latifolia and T.angustifolia, namely - T. glauca. 

Whether the mine slime areas differ in degree of water satura- 

tion and water availability is not known. 
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A summary of the cattail transplanting carried out in three dif- 

ferent areas is given in Table 6. A total of 206 cattails were 

transplanted in three different areas of the site. The locations 

of the transplanted areas 1, 2 and 3 are indicated in Schematic 

2. 

Table 6: Summary of cattail transplants 1986 

, TABLE 6. 
I ........................................................ I I  
llTRANSPLANT AREA# I 1 I 2 I 3 I1 
1 I_________________________l_________l___------l---------l I 
[ I  # TRANSPLANTED I 39 I 88 I 79 II 
I I_________________________l_________l___------l---------l I 
I ITOTAL #S AFTER 2 MONTHS I I I I I  

I \  NEW SHOOTS I 49 I 82 I 88 II 

I I_________________________l_________l___------l---------l I 
[ I  % INCREASE I 190% I 180% I 191% I I 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I I  

1 1  HEALTHY PLANTS I 74 I 158 I 151 I I 

1 1  DEAD PLANTS I 0 1 1 2  1 1 6  I1 

1 1  AVERAGE CLUMP SIZE I 3 I 2.9 I 2.7 1 1  

After two months, in all three areas, the number of plants had 

doubled, representing a significant increase. The number of new 

shoots was calculated by subtracting the dead plants from the 

original numbers transplanted. The fraction of plants which did 

not survive was highest in area 1, were 14 plants died from the 

original 39 plants transplanted. Area 1 is an extremely "soupy" 

section where the cattails were planted as close as possible to 

the waste water creek. Thus this area is also exposed to fluctua- 

tion in pH and conductivity described earlier in Table 4. 

An evaluation of the transplants with respect to wetter and drier 

sections of the other two experimental areas was carried out. 
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In Table 7, the percentage increase in area 1 is the lowest with 

109 %, based on the sum of healthy plants counted in September 

divided by the sum of the original transplanted plants. 

Table 7: Analysis of cattail transplanting locations 

However, the percentage of new shoots in this area is necessarily 

higher, as more plants died in this area than in the other two 

areas. The same trend is reflected in evaluating area 3, where 

the percentage of new shoots, being 122%, is very close to that 

of area 1 (126%), and the percentage of dead plants is also 

higher with 28 % dead compared to 15 to 18 % dead plants in the 

drier areas. 

The distinctions between wet and dry in areas 2 and 3 are subjec- 

tive. The degree of water saturation changes over the season, 

most distinctively noted in the ease of walking/sinking when 
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counting the plants. The differences between wet and dry are very 

expressed and clear for areas 1 and 3, but less distinct in area 

2, which is indicated by the absence of differences in the per- 

centages calculated for the wet and dry section in area 2. Never- 

theless, the results from this evaluation indicate that in the 

wetter area the percentage of non-surviving transplanted cattails 

is likely higher than in drier areas. This suggests that more 

cattails should be transplanted into more saturated areas of the 

site to achieve higher survival rates. 

3.4 Indigenous species cover responses 

Germination and growth tests indicated that cattail seeds can be 

germinated and transplanted to mine sites (Snyder & Aharrah, 

1984). Tests of wetland seed germination, including cattail seeds 

by Kalin and Bugeln (1985), indicated that alkaline conditions 

are required and not all types of wetland seeds and cattails will 

germinate in waste water with the same vigour. 

The drastic differences in conditions for establishment of wet- 

land can be appreciated from a brief review of the ecological pro- 

cesses which take place under natural conditions, controlling the 

growth and development of wetlands. 
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Germination responses for shoreline species were found to be 

related to the adult species composition and to the water-depth at 

which the species occur (Moore and Keddy 1985). Species in undis- 

turbed habitats were found to be competitively superior to those 

found on more stressful and disturbed shores (Wilson and Keddy, 

1985). Wetland seed densities are highest in those areas which 

are frequently covered and uncovered by water. Expected seed den- 

sity is in the order of 104 seeds /m ’. Water level fluctuations 

are essential for maintenance and regeneration of wet meadow and 

marsh shoreline vegetation (Reznicek and Keddy,1985). 

Seed banks for wetland establishment have been evaluated in 

detail and are categorized into three regenerative groups. Typha 

belongs to the regenerative group with wind dispersed seeds and 

is generally considered a very aggressive weed. 

However, on the waste sites, the aggressiveness of cattails is 

reduced to the beginning of the growing season. A dense cover of 

cattail seeds germinate and establish. Most of the seedlings 

perish during the dry summer month. Straw mulching applied in 

spring 1985 prolonged survival of the cattail seedlings. In 1986 

the only effects of the mulching was an increased moss cover but 

no increase in cattail seedling survival. 

Given the intensive response of moss growth to fertilization in 

1985, fertilization of the moss cover was carried out to promote 
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development to a stage which would be more resistant to survival 

during the dry summer period. Although the effects of the ferti- 

lizer were pronounced until the beginning of July, with a dis- 

tinctly greener moss cover, the desired initiation of sporophytes 

from the protonemata stage was not obtained. In Plates 2 and 3 

the effects from 1985 fertilization are depicted for the moss 

cattail seedling cover and can be compared to the effects still 

noted one year later. Although the effect of the fertilization in 

1985 is evident, the promotion of growth is not effective enough 

to classify it as a satisfactory result. 

That a growth response, as drastic as that observed in 1985 was 

not noted, must be due to solid ecological reasons, probably con- 

nected to growth cycles. An analysis of percentage moss cover 

data along the baseline transect in 1985 and 1986 does yield some 

definite indications that the time of the fertilization applica- 

tion might be of key importance. In Tables 8(a) to 8(d), the 

cover estimates are given for the months of July and September 

for both years, comparing the bare tailings estimates to those of 
2 the moss cover. The data for each post station consists of 6 m 

plots, for a total of 16 posts, i.e. a transect 96 m length 

(Schematic 1). An increase in moss cover which decreases the 

bare tailings coverage can be consistently observed in both years 

for 7 posts (Posts 111, IV, V, XII, XIII, XIV and XV) and for 3 
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posts the increase in percentage moss cover is only noted in 1986 

(Posts VII, VIII and IX). For 3 posts, the moss cover does not 

change significantly between July and September observations, and 

the surface between 3 posts remained bare. In 60 m of the tran- 

sect, or about two-thirds, the seasonal increase in moss cover 

was persistent for two years. 

These observations suggest that the time for fertilizer applica- 

tion is either early spring or later in the summer which is con- 

current with the lower light intensity and higher frequency of 

rain which are factors known to affect moss growth. These obser- 

vation do serve to explain the absence of a fertilizer effect in 

1986. The effect obtained in 1985 was likely due to the late sum- 

mer application of fertilizer. The fertilization in 1985 was car- 

ried out at the beginning of August. 

In Plates 4 and 5, the growth noted in the straw mulched moss 

plot confirms the observations by D. Bolton (P.C. Inco, Agricul- 

ture). When straw mulch is used for dust control, the growth of 

grass seeds is considerably better when the same area is seeded 

at a later stage. The layout of the experimental plots set up in 

1985, depicted in Plate 4, can be compared to Plate 5. The photo- 

graph was taken in September 1986, and clearly at that time vas- 

cular plants had survived the summer. It is important to note, 

that the experiment in 1985 did not indicate any positive effects 

of the straw mulch on moss cover, emphasizing the obvious i.e. 
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growth takes time. The effect of the straw amendment and fertili- 

zation in 1986 is possibly due to increased moisture retention 

and the uneven surface characteristics. The effect is very dis- 

tinct, expressed by the absence of any growth in the other three 

experimental plots. 

3.5 Seepage behavior and experimental cells 

The seepage creek water sampling stations and the location of the 

iron precipitation pool are outlined in Schematic 3. 

The elemental composition and the physical characteristics of all 

stations in the seepage creek are given in Table 9, comparing the 

November 1985 data with those obtained in May 1986. 

Differences in the parameters would indicate changes which have 

occurred during the winter months and spring run-off. The pH at 

station I is the same in the spring of 1986 as that of November 

1985. The water in the iron precipitation pond in November 1985 

is less acidic, which is possibly reflected in slightly lower 

concentrations of sulphate and low acidities. The low tempera- 

tures measured in November at station I and I1 would support 

these noted depressions, accompanied by lower electrical conduc- 

tivity. The elemental composition of the water at all stations 
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Plate 1: Suspended solids filling a pyrrhotite erosion channel  
 
 

This color change took place within two weeks of placement and                                             
persisted throughout the season. Such change lasted despite extensive rainstorms,            
persisted    throughout the  winter   and was  evident directly at  the  curtain separating  the  cells.   






















