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MANAGEMENT PERSPECTIVE

Many mine tailings generated by mining and extraction of

metals coftain

‘different quantities of sulphides. During -

-

KL

_fﬁegposure £o S{f‘and water, the water insoluble sulphides.-in.- ..

:;éhe tailings become converted to water soluble sulphates
which acidify surface and groundwater with subsequent
-contamination by different toxi; metals and trace elements.
Dry covers of different materials inhibiting acid drainage -
from thé tailings have been considered and studied,
particularly in situations where acid generation can not be
effectively controlled by other means, such as subaqueous
disposal of acid drainage generating tailings. A wide range
-of alternate dr;,cover materials from municipal compost to .
engineered composite covers.hés been considered -and research
proposed for several alfernate materials. This study was
carried out to obtain preliminary informatipn on the
neutralizing capacity of slag generated by steel pfbduction
prior to considering the slag as a dry cover of acid

generating mine tailings.

. The results of the testing of the efficiency of the slag
suggested that the slag-is effective in _neutralizing the
acid drainage from the tailings. The addition of the slag to
the tailings appears to be efficient even in small amounts,
such as a mixture of tailings and slag at a ratio 20:1. A
rapid increase of pH in the tailings leachaté'fme

approximately 2.5 to 7 and the duration of this value over a
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4-month period indicated the ‘high neutralizing potential of

the slag. The analysis of the leachate after 3 months of

0~

v continuous: 1éa ﬁiﬁg of the tailings/slag mixture generally

: indicatedvdeéifable“efféCts-bf~prééipitation of trace
ﬁ%léments within the tailings reSuitinq”in their low mobility
~and eventual leaching into the environment. The use of the.
slag aﬁpéars toé. be a.viableféébndﬁibé17alternative'in the
‘treatment of acid mine drainage on thé basis of the-results
described in this repért and considering large volumes of
available slag. The advantage of the use of one waste
material in treatment of another waste material should also

be considered. 1
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INTRODUCTION

The mining industry generates liquid and solid wastes which

S R T b

.contain maj i¢ elements. Many mine tailings generated by
A . ' ; . ~

a;iining aﬁdvextféction;oﬁsmetals contain different quantities -

;fgf,Sulphides. During exposure to air and water, the water
inspluble_éulphides in the tgil%pgs become converted to

- water soluble sulphates. These sulphatés acidify surface and
~groundwater, which become subsequently contaminated- by
different metals and trace elements leached from the

tailings.

Several studiesihave been carried out to develop acceptable

' techniques of.i;hibiting acid mine drainage from sulphur-
containing metal mine tailings. The feasibility of
subaéueous disposai of acid generating tailings has been
evaluated. Dry covers of different materialé inhibiting acid
drainage from the tailings have been considered and:studied,
particularly in situations where acid generation can not be
effectively controlled by other means, such as subagueous
disposal of acid drainage generating tailings. A limited
knowledge is available from studies of dry covers,
particularly of basic.geochemical'§r0cesses by which dry
covers may inhibit the acid dfainage from the tailings;
.Studies of low permeability, oxygen consuming.dry cover V;L”
material have indicated that the basic requirements to liﬁit
molecular diffusion of atmospheric oxygen thfbhéh

interstitial pores of a cover can be accomplished. The
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results of the studies also indicated several restrictions

in using dry covers, such as the long-term effectiveness of

ﬁﬁjgen barriers; the net impact on the rate of
'oxidatioﬂ'Sf:tﬁeftailings; poor availability of dry-cover - -
‘jﬁépggiglﬁin,some-locations; prohibitive cover construction:
costs; and effluent quality:and quantity. and its impact. on.
,;themré¢eiving,environment,-A.widemrange of alternate dry =
...cover materials from municipal compostfto,engineered“%' -
composiﬁe covers has been considered to date. Research has
been proposed for several alternate materials (Mine
Environment ‘Neutral Drainage, 1994).
1
;
This study was carried out to obtain preliminary information
on the‘neutralizing.capacity of slég generated by steel-
production prior to considering the slég as a dry cover of-
acid generating mine tailings. The study was conducted at:
the National Water Research Institute; Canada Centfé'for
Inland Waters, Burlington, Ontario. Tests involving-the slag
were carried out using the safety standards in operation of
the slag recommended by Stelco, Hamilton, Ontario (Material
Safety‘Data Sheet - Stelco 1990).

MATERIALS AND METHODS '
Approximately 10 kg of. BOF slag obtained from Stelco; Inu,™ -..-
Hamilton, Ontario, was stored in a metal bucket with a iidk
in a cold room at 4°C prior to the study. Pripr;to testing,

the slag sample was subsampled into several portions of
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approximately 200 g by quartering. Ihdividual portions were
kept in closed plastic containers at room temperature. The

PRy peS

‘the slag was returned to the 4°C storage room.

‘_.,ﬁﬁine tailings were collected at the Mattabi Miniﬁg~co. site
-near Ignace, Ontario&4Appr0ximgge;y,10;kg of the tailings
-.were placed in large plastic bags.. The. bags with the -
.-tailings were sealed, shipped to the léboratory4and-stored

at room temperature.

‘Approximately 150 kg of tailings were collected at the
Timmin§ Mining Co. tailings disposal site near Timmins,
Ontario, in wigter 1995. The tailings were transported from
~the site and stored in plastic boxes cdvered with 1ids at

"room temperature.

The Mattabi Mining Co. tailings were used in the lééchind
and neutfalizing.tests with the slag. The tailings collected
at Timmins were ﬁsed in the characterization of general
physico-chemical propertieé of acid generating-mine

tailings, particularly the permeability.

Characterization of the slag

.The Moisture coptent of the slag waS‘determined~by*freeze?
drying using freeze dryer model 24DX48 VIRTIS, and by oven’
drying. After determining the moisture conteﬁt,lthe freeze=

dried slag was further used in the determination of grain



size by sieving.

+The determina ibﬁ of the moisture content by oven drying was
carriedussf-ih:énwlsotemp‘Oven model 655 F at 60°C for - -
;ﬁinimum 24 hours. After removal from.the oven, the samples
were cooled in a dessicator, .and the.loss of weight

calculated.

The concentration of organic matter in the slag was
-determined by loss on ignition (LOI) using a Thérmolyne 1400
furnace. A sample of the slag;-dried in the oven for 24
hours. at 60°C, cooled and weighed, was placed in the furnace

. for 2 hours at '500°C.

- After oven-drying the slag at 60°C for 24 hours with
subsequential cooling in a desiccator and weighing, a
magnetic stirbar was used in the separation of magnétic

particles.

A LECO-12 carbon analyzer was used to determine the
concentrations of organic and inorganic carbon in the. slag.

The procedure'bonsisteduoftthamfollowing steps:

1. Drying the samples in the oven at 60°C for a minimum of 2 -
hours. . o o
2. Weighing approximately 1.000 g of sample into a ceramic

crucible.
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3. In the determination of organic carbon, the temperature

" in the combustion furnace was maintained for 250 seconds at

%

¢

.,500°C. The

L

gﬁﬁles~used for the determination of the
“ concentrétloné of organic carbon were then set aside.and,,,w;

fised .in the determination of the concentrations of inorganic
carbon.
4. In the determination of inorganic carbon; the combustion

© - temperature was maintained for 60 seconds at 1370°C.

Particle size distribution of dry slag was determined by
sieving and sedigraph. Sieve shaker OCTAGON 200 - (ENDECOTTS
Ltd.) and the procedures described by Duncan and LaHaie .
(1979) were uséa in the determination of the p@:ticle size
‘distribution in the slag. The method using the’sedigraph_is -

- designed to process less than 5 g of samples composed mainly
of silt and clay (Duncan and LaHaie, 1979).lTheref0re the
fine particle fraction (<63 um) obtained by sievingithe-slag
was used in the sedigraph analysis. The procedure was

described by Duncan (1993).

The determination of the density of the slag was carried out
by using the AccuPyc 1330 Pycremeter following the procedure

described by Micromeritics.
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Characterization of the Timmins Mining cCo. tailings

The methods used in the determination of the physico-

S

1

+,Chemical:’prope

erties of the Timmins tailings were similar to

those used for ‘the BOF slag.

: Neutralizing the leachate .from Mattabi Mining Co. tailings
by addition of slag |
. .The testing of the neutralizing capacity of the slé%“was
._carried out by leaching Mattabi Mining Co. tailingé-with and
. without the addition of the slag. Six polypropylene tubes
were used in the test: four, 30-cm long, 3.5-cm inside
. diaﬁeter tubes hnd two, 30-cm long, 10.5-cm inside diameter
tubes. During éhe test-all tubes were maintained. in a
.. vertical position by clamps mounfed on labofatoryﬁstahdsa“
Glass wool pads, approximately 3 cm thick, were placed on
the béttom of the tubes to prevent slidinguéfwthe~taiiings
out of the tubes. The first tube was filled with a mixture
. of approximately 45 g of the tailings and 200 ml of’
distilled water. After the tailings settled on the bottom of
the tube they were leached with 1,100 ml of distilled water.
During the entire leaching period the tailings did not
become exposed to thé air. TH& effluent frbm'the tube was
collected and pH measured in each 100 -ml portion of the
effluent. A mixture of approximately1l75 g-of the tailingé -
and 200 ml of distilled water was introducedﬁinto,the*sedoﬁd
tube. After settling to the bottom of the tuﬁe,zthe‘téilings

were leached with distilled water similar to those in the
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first tube. After passing 1,000 ml of distilled water

through each of the tubes with the tailings, a 100-=ml

s".effluent was acidified by 0.5 ml copc. HNO;-
ééﬁd usedﬂforAéﬁéntitative.determination of metals and- trace - --
,élements. Further, a 3-cm thick layer of the slag
(approximately 58 g) was placed on the top of the tailings
in each tube, and an additional 1,100 ml of distilled water
--was used to leach the tailings topped with the slag. The
effluent was collected in 100—m1-portions-and pPH was |
measured in each portion. The last 100-ml portion of the
total 2,200 ml of the’effluent“was-acidified with 0.5 ml of
conc. HNO; and used in the quantitative determination of

. metals and.traé; elements in the effluent. A similar test.

" was carried out usihg two, 30-¢m long, 10.5-cm diéméter

. polypropylene tubes and approximately 600 g Bf the tailings
mixed with 200 ml of distilled water. Aftepvleaching of the
tailings in the tubes by 900 ml of distilled water;ia 5-cm
layer of the slag (i.e., 165 g) was placed on the top of the
tailings in each tube. An additional 900 ml of distilled
water was passed through the tailings topped with the slag.
The pH measurements of the effluent and the quantitative: |
determination of metals and trace-elements in the effluent
were similar to those described for the first two tubes.
One, 30-cm long, 3.5-cm inside diameter .tube was filled with
a mixture of 230 g of slag and 200 ml of distil;ed watersi”
After settling to the bottom of the tube, thé"9LCm long slag

column was leached by 1,600 ml of distilled water. Futher,
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one, 30-cm long, 3.5=cm inside diameter tube was filled with

a mixture of 220 g of slag and 200 ml of distilled water.

500 ml of leachate from the tailings. The pH of the 500-ml
' leachate was 2.72. The»measurements”of PH and the .
_“ggpgfminationuoﬁ_thé“concentrations’of‘major and trace

elements in the leachateés from both tubes were carried. out .

similar to those used for the leachates from the fitrst four

tubes in the test.

Neutralizing the leachate from Timmins Mining Co. Tailings
by addition of ;lag

Four plexiglass-columns were used in the test. The columns
were 30.cm long with 3.5 cm inside diameter. The columns
were supported in a vertical position by 1qboratory clamps-
and were stoppered on the bottom by rubber stopperéiwith 8
mm holes in the centre of the stoppers. Tygon tubing was
inserted into the holes to allow for the collection of
leachate from the material in the columns, and clamps were
placed on the tubing to allow dontrol of the flow speed of
'the leachate. An_approximatelyfzwém{thick layer-.of glass

- wool was placed on the top of the rubber stopper to-preveﬁp
-loss of tailings and to filfer the leachate prior -to “its- -
collection. Column No. 1 was used as a control,.A slu?rY”bf
200 g of the tailings and distilled water Wasﬁpéured into

the column. Mixtures of 200 g of tailings and 50, 20 and 10
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g of the slag were made into a slurry with 100 ml of

distilled water and poured into columns No. 2, 3 and 4. The

P

TR b

‘aY¥ers of the mixtures in the columns
o i |

-:répresenﬁéd dlfferehtwtailings/slag application ratios. The.. .

4

"élamps on the tygon tqbing were' closed and the columns were
slightly tapped on all sides to eliminate void space and to
speed up theﬂsettling of the material. Erlenmayer flasks.
were used to collect the leachate. The columns were placed
on the top of the flasks tb prevent*evaporatioh of the
leachate in the flasks. Fifty-ml aliquots of distilled water
were used to leach the material ﬁntil‘anwadequate volume
(approximately 300 ml) of the leachate was collected for
measuring the pﬁ and determination of the concentrations of
major and trace elements. Each-50-ml aliquot . of distilled
wéter was allowed to completely pass into the‘tailiﬁgs/slag
mixture in the columns before adding the ne#t aliquot;-The
design of the leaching test allowed periods of dryiﬁg of the
material in the columns, i.e., the material remained dry for

extended time periods.

Permeability tests

For- the testing of the-perﬁeabilityusamples of the Timmins
Mining Co. tailings and. slag were prepared without drying or
other sample preparation :in order to simulate the field
conditions. The falling-head permeability test isAgeneraliy
used for less pervious (fine sands to clay) ééiis and

sediments. The coefficient of permeability, k, is defined as




12
the rate of discharge of water at a temperature of 20°C -

under conditions of laminar flow through a unit cross-

YRR Sl

_gggctipnal are of a soil medium under a unit hydraulic

radient. The coefficient of permeability has the dimension
5%fwa velocity and it is:usually expressed in cm/s. The' - -
_permeability of a soil depends primarily on “the size and

.shape o0f the s06il grains,. the.void. ratio of the soil, and

the 'shape and“arrangementloﬁ@theevoids (U.S. Army Engineer - = - - -

Waterways Experiment Station.1970).

Three, 30=cm long, 3.5-cm diameter plastic tubes were used
foripermeabilitj testing. Wire scréens of 200 mesh and glass
wool - pads O.S-C; thick were placed on the bottom of the
tubes to prevent the loss of" fine fractions bf‘tailingé from
the cbluﬁns. A scale with a 1-cm intervél was attached to
each column. Three samples,. each:about 200 g of tailings (in
natural condition), were thoroughly mixed with a sﬁéll’
amount of distilled water in the plastic beaker to avoid
segregation. The samples were transferred into the columns
and distilled water was added 'up to the highest le&el of the
scale. The columns were divided into half the height of the
beake;s; The'beékerS"Were'filled‘with?distilledAwaterluntil
they started to overfiow from the beakers. Time was measu:gd
as the head-of water. was falling down from the highest to

the lowest level of theiscale on the columns: -
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The following permeability tests were carried out using

Timmins tailings and the slag:

A. Three columns were filled with a nixture of”ébout_zoo.g

B fresh .tailings and about 10 g of <500 um particles of the

~ slag.

B. Two

columns were filled with 190 g of tailings. A mixture

-of 10 g of-tailings and 10 g of <2 mm particles of the slag ~

was placed on the top after the tailings were alléwed to

settle

C.  Two

for 72 hours.

columns were filled with 180 g of tailings and mix of

20 g of tailing$ and 10 g, 0-2 mm of slag was placed on the

top after the tailings settled down for 72 hours.

D. Two

of 100

placed

settle
- E. Two
of 100
placed

settle

columns were filled with 100 g of tailings. A mixture
g of tailinQS and io g of slag particles <500 um was
on the top of the tailings after they were allowed to
for 24 hours. -

columns were filled with 100 g of tailings. A mixture
g of tailings and 5 g of slag particles <500 um was
on the top of the tailings after they were allowed to

for 24 hours. Further, 5 g of slag particles <500 pm

was added on the top after next 24 hours:

In another series of tests, two columns were filled with the

- same material and using the identical procedure described )

above, changing the ratio of the tailings and slag to 10:1.
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The coefficient of permeability, k, was computed using the

following equation:

£t

k= 1/t * (In-ho/hf) * Rt

-.-where:.
t = tf-=to (s)
to = Initial time e

 tf = Final time
1 = Height of sample in the column (cm)
ho = Initial head of water in the column(cm)
hf = Final -head'of water in the column (cm)
Rt =wTemperatur; correction factor. for viscosity of water
(U.S. Army Engineer Waterways Experiment Station 1970, Table
VIiI-1).
Evaporation of water from the surface of the 3.5-cﬁ:
diameter column at 22.2°C under a laboratory fume hood was
0.16 émg/hr. For example, if the falling-head permeability
test lasted 8 hoﬁfé, 1.28 cm® of water should be added
before the lower water level was measured. Recalculated k
values, corrected‘fOr'évaporation; were ‘¢lose:to the
uncorrected values, in the order of 107 cm/s. Therefore

this correction was neglected. . -
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Quantitative determination of major and trace elements in

tailings, slag and leachates

:éﬁ),in the slag, tailings from the Timmins Mining Co. '‘and -

leachates was carried. out by. inductively coupled plasma.
-atomic emission.spectroscopy (ICP-AES) using Jobin Yvon
Model 74. -The tailings and the slag were digested in 3
replicates using aqua regia. Aqﬁa regia was added to Teflon
containers containing 0.3 g of samples with subsequent

- mixing:. The samples were allowed to de-gas at room - -~ =~~~
temperature overnight to prevent vigorous reaction during
heating.  The céhtainers with the samples were c6Vered with
Teflon 1lids to protect the sampies from contamination while
allowing gas to escape. The-sampies were digested in a
microwave oven (Floyd Inc., Model RMS 150)Iét mode 3-5 steps
program. Conditions used in the microwave digestioh:and icp-
AES operation are shown in Appendix 1, Tables 1 and 2,
respectively. Digested samples were cooled and filtered
through 0.4 um Nuclepore Polycarbonate filters into-
volumetric flasks. Calibration standards were prepared by -
dilutiné stock solutions of ICP multi-element calibration; 
standards kHigh Purity Standards, Charleston, South

.‘aCarolinap,distributed by Delta Scientific, Mississauga,

Ontario). Two standards (0 and 10 mg/l) made: up. in 2% HNOéi
were used to calibrate the ICP-AES. The deteéfién limits,

defined as concentration equivalent to 2x standard deviation



- with a grey layer on the surface. Microscope examination of .. . -~

;Sediment)o;

16
obtained from all blank samples (n=8) are showh in Appendix

1, Table 3. Certified reference material 2704 (Buffalo River

ey

e National Institute of Standards and

d

Pechnology, U.S. Department of Commerce,. Maryland,. was.used

§h phquuality'cohtrol of the analysis. Subsamples“offthe

_certified reference material were.digested following the = - - -

method used. for the slag and tailings samples.

‘The quantitative determination of ‘the major and trace

elements in the Mattabi Mining Co. tailings was carried out

by x-ray fluorescence spectrometry using powder pellets. The "~ '~

method was described in details by Mudroch (1985).

RESULTS AND DISCUSSION

By visual observation, the colour of the slag was dark brown

the slag revealed porous, adhesive material, contaiﬁing a

‘high percentage of CaO, ash and some magnetic material.

Pieces of biological material such as dry grass, leaves and
wood were found in the slag. The moisture content of the
slag determined by the freeze—drying was 3.05%, and that
determined by oven drying wasﬁ3.35%.»chemieal compositibn“of

the slag used in all tests is.shown in Table 1. The values

.in the table are the average ofvanalysisuof;threeaihdividdal

- subsamples of the slag. The concentration of:organic matter

in the slag by loss on ignition was 1.18%. The ééparation of

magnetic fraction showed that approximately 60% of the slag
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was magnetic particles. The results of  the sieving analysis

showed that the slag contained approximately 80% of gravel

R

..and coarse ;. and approximately 2% of <63 um particleé;

¢

i?imilar-fesulﬁsfwere~obtainedsby_wet sieving and sieving of

£he. freeze-dried slag samples (Table 2). .

- S

The density of different particle size fractions of the slag

- is shown in Table 3 and Figure 1. The density ranged from.

~3.16 to 3.70 g/cm3 and gradually decreased with-decreasing

particle size.

By visual obseryations the Timmins Mining Co. teilings_

- consisted. of g;ey fine material with a yellow-brown layer on.
the»eurface.-The moisture content of the tailings was 27.6%.
The results of.the determination ef the physico-chemical
properties of the Timmins tailings-are‘shoyn-in Tables 4 to

.6 and Figures 2 and 3.

The chemical composition of the Mattabi Mining Co. tailings
is shown in Table 7. During the 12-day leaching period of -
the Mattabi Mining Co. tailings by using over 1 L of
distilled water in first two tubes, the pH-of the leachate
ranged from 2.24 to 4.05. After the addition of -a layer of
slag on the surface of the tailings,:the pH. of the leachate
increased within one day to 8.15 and on the following dayito
11.48. During 8 days of subsequent leaching 6f‘fﬁe tailings

with added slag by 900 ml of distilled water, the pH of the
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leachate was constantly >11 (Figure 4). Similar results were

obtained by leaching the tailings in the two, 30-cnm long,

'g}o.s-ém“i” deﬁdlameter tubes. The pH of the leachate from

the slag durlﬁg.an 8- day leaching period was between 1X.66. -

Shd@12,§5_(Eigure 5)....The..concentrations of major and trace - -

Jelemente,ipitheAleachates~from theetailingS»beﬁoreaand‘afterav
the addition of the slag are.-shown in Tables 8 and 9... .-

_ Generally, the-concentrations. of most of the major and trace
eiements in the leachates ﬂeg;eased after the addition of
the_slag_to the'tep of the tailings. The decrease was
different in each column, most likely due to the different’
tailingS/slag rdtio in each of the four tubes. The
tailings/slag r;tios were approximately. 0.8, 3.0 and 3.7 in
tubes one and two and in the other two tubes,'respeCtively.
In addition, the~diameter of the first two tubes was smaller
ﬁhan that of the other two tubes used in the test. However,
all tests confirmed the potential of the slag in

neutralizing the acid effluent from the tailings with

subsequent retention of most of the elements determined in -

the leachates.

The,gqnbentratiens of -Fe; Mn, Cd;’Co, Cr, Cuy; Y¥i, Pb, V and

Zn in the leaqhate,frbm the slag decreased by continuing the

initial leaching.of the slag with 700.ml of distilled water:. . .=« .

(Table 10). The slag was efficient in removing most of the’
elements from the acidic leachate from the tailings. For

example, . it reduced the.concentrations of Zn and Cu in the
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leachate from the tailings from approximately 100 mg/L to

approximately 1 and 0.75 mg/L, etc. (Table 10).

-?ieaghaté from the Timmins-Mining Co. tailings at all =" -
application ratios (Figure-6). At the tailings/slag ratio
.+:20:1 pH increased to apbroximaté&y 7.and remained similar
- during the 4-month test (Figure 6). This indicated the high

.neutrélizing capacity of the slag most likely due to the
high content of MgO and CaO. The tailings/slag ratio 10:1 or
4:1 may be considered in neutralizing subsurface layers of
the~tailings.,HBwever, since revegetation of the surface of
the tailings i; oné of the objectives of the study, the
tailings/slag ratio 20:1 may'réhaer the root zone (surface
15 cm) too alkaline for the‘eStablishmeht‘of vegetation on

.the tailings.

Initially, the leachate from the columns was only(ﬁonitoréd
for pH. However, after leaching the tailings and the
tailings/slag'mixtures by 500 ml of distilled water, the
leachate was monitored for the concenfra?ions of major and
frace elements. Aliquots of leachate collected at 1- to 3="
month intervals were acidified and analysed. It should be .
-noted that the concentrations of tHe éleménts -in the-
leachates Shown in Figure 7 may be low since’ some of the
eélements could have been leached within the firét 3 weeks of

the test. In general, the concentrations of trace elements
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in the leachates after 1 month of leaching were greater than
those in the-leachates collected after the 3-month leaching

'*KFigureﬂ

catlng precipitation of the elements as

:hydrox1des. The ‘trace elements in the leachates collected

,utailings.JOn the other hand; those-leached after 3 months
. .may indicate steady-statefCOneentrations;inatheﬁevaluatibn
~of the long-term impact of the leachate from-the -

tailing/slag mixture.

The permeability of different mixtures of the Timmins Mining
Co. tailings ang the slag was~eimilar. A clear treéend
observed was a~;light decrease in the k-value with time,
whiehAwas'pfobably due to gredual settling of -tailings or
mix of tailings and the slag..H0wever, the permeability of

- the Timmins Mining Co. tailings wasusiightyf-different than
that of the different mixtures of the tailings ahd‘fhe slag
(Table 11, Figure 8). The k-values were between 1.03 x 10°%
to 7.21 x 10" cm/s which is characteristic for materials in

the boundary between fine sand end silt (Kézdi 1974).

The permeability test of the ﬁix of fresh Timmins tailings
and the slag in ratio 20:1 did not. indicate a permeability
. decrease by the addition of the sl&g: The k=values were. : .-
between 1.10 x 10™* and 2.46 x 10 cm/s (Table 11, Figure 8)
The permeability of a mixture of the ta111ngs and <5 mm slag

particles at a ratio 10:1 placed on top of the tailings
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ranged from 1.09 x 10™* to 1.29 x 10™* cm/s indicating a

small decrease in the permeability during the 9-day test

<

‘34, Figur’e 8).. The development of a Fhi-n white
axef at the qq;tact,between the slag-tailings mix and the.
“fnderlying tailings suggested that. the decrease of the . -
permeability was most likely due-to.themprecipitationxpfg 
Caso, .’ M

The permeability of the slag and;the”tailings with different
ratios of the tailings and the slag, different grain size of
‘the slag and different thickness~ofvthe‘laygrs of the slag
on the top of tye téilings remained almost unchanged'with,
“the krvalues.r;;gihg between 1.22 x 10% and 2.16 x 10 cm/s

(Table 8, Figure 9).

‘The results of the permeability tests using‘different grain
sizes of the slag and ratios of the slag and the téilings
indicated that these "mixes" or "layers" could be used to
mitigate the generation of acid effluent from tailihgs
without significant change in permeability. on the other
hand, tests in larger coluiins and small-scale field tests
Shouid be considered before applying k-values obtained ih
the laboratory to fieid conditions. It is further
recommended that additional‘permeability tests be carried.
out with different ratios. of the tailings and‘thezslag andﬁA
with layers of different thickness of the sléé.ﬁlaced‘on the

top of the tailings.
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CONCLUSIONS

The result

of the testlng of the efflclency of the slag

at the slag is effective in neutrallzlng the -
01d dralnage from the tailings. The: addltlon of the slag to
zgf%he talllngs appears to-be- efflclent even ' in small amounts,-'
- such:as a mlxture of tailings and* slag at a ratio 203 :1VR
.rapid increase of pH«ln»the talllngs»leachate'frdmh'
approximately 2.5 to 7 and the duration of this value over a-
4-month period indicated the high neutralizing potential of
"“the slag. The analysis of the leachate after 3 months of
4c6htihu6us leaching "of the tailings/slag mixture generally
indicated deSirébIe effeéts of precipitation of trace
eleﬁehts»withi; the tailings resulting in their low mobility
andheventqal leaching inte“the environment. ?he results of
"the tests and conslderihg'the'prbduction of the_lafge
volumes of slag,'the use of the slag appears to be a viable
economical alternative in the treatment ofwacid'mine
drainage. The advantage of the use of one waste matérial in
treatment of another waste material should also be

considered.
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TABLE 1. Chemical composition of Stelco

Element Element
cd

MgOi# | Jo _ .

.AL,0, | 2.1 o e

Fé .('to'tal) 187 - | : Ni

Mn (total) 4.1 pis

K0 0:25 v

Nay0 0.00 an

Cr,0; . . 0.29-

Organic C " 0.§3

Inorganic C ©3.23

Inc. Slag

ug/g

v

35
360
65
45
250
80

430



TABLE 2. Grain size distribution of slag

Wet Sample  Dry Sample Freeze Dry.SampigT_
@ (% @ e @ eyl
T ..
20 >4 834482 - 4598  78.1221 4380 . 87.44 46.18
15 284 191979 1058 20.9654 1175 - 1729~ - 943
1.0 2.0-2.8 15.9233 877  15.1073 8.47 13.93 7.36-
05 1420 109173 6.02  10.9544 6.14 1259 6.65
0.0  1.0-1.4 8.7583 483  8.1297 456 9.05 4.78
0.5 0.71-1.0 8.5170 469  7.6895 4.31 7.05 3.72
1.0 500-710 6.8625 378  5.1755 2.90 723 382
.15 355500 5.5111 304 59258 . ..332 .- -6.13 3.24
20 250-355 8.7720 483  5.1835 2.91 611 3.23
2.5  180-250 5.3751 296  6.0321 3.38 5.68 -3.00
3.0 125-180 7.4133 4.09 5.3492 3.00 = 543 2.87
3.5  63-125 0.4894 027  3.3626 1.89 438 . 2.3f
40 6390 0.2467. 0.14 2.7455 154 249 132
© Y <63 0.0417" 0.02  3.6359 2.04 454  2.40

181.4738 100.00 178.3785 100.00 . 189.34.  100.00

i



TABLE 3. Density of different particle size fractions of;slag?f:

‘ Sample
: fraction weight density | -
(mm) (@)  (g/cm3) '
1.0-1.4 128970 3.70
.0.7-1.0 - . .13.0093 - 3,67
© 0.5-1.0 12.9315 3.65
- 0.5-0.7 11.4697 3.65
- 0.25-0.5 11.1402 3.58
0.18-0.5  10.3316 3.61
0-0.5 12.1732 3.44
0025 - 11.1061 3.37
0-0.18 9.4935 3.25
0:0.15 10,5009 = 3.3t
© 0-0.063 9.9334 3.16

TABLE 4. Den51ty of dlfferent particle size fractions of Tlmmlns
' ' ) Mining Co. tailings

N Sample

 fraction no.  ‘weight density
(mm) (@) (g/cm3)
0-1.4 1. 8.8821 2.70
0-1.4 5 8.2207 2.71
0-1.4 8 8.5166 2.68
0-1.4 9 9.4392 2.70
0-1.4 10 75171 2.70

0.125-0.18  3-1 8.1879 2.70'"

 0-0.063 32  6.0809 2.78 |




" TABLE 5. GFainh size distribution of Timmins Mining co.- tailings

L3

Interval ~Sample " ~Sample” Sample
no. 1 no. 2 no.3
(mm, um) Q _ (%) @ - (%) @ _ (% .
. - 29.8868 297982  --- . 298543
>4 . )
2.8-4 - - -
2.0-2.8 - -
1420 - - - . ,
1.0-1.4 0.0041 0.01- 0.0026- . 0.01 0.0096 0.03
0.71-1.0 0.0285 0.10 0.0427 0.14 0.0631 0.21
500-710 0.1185 0.40 0.1763 0.59 0.1730 0.58
355-500 © 0.6092 204 © 0590777 198°. 06175 2.07
250-355 1.6581 555  1.6099 5.40 1,6557 5.55
180-250 3.0288 10,13 29833 10.01 2.9285 9.81
125-180 8.5705 28.68 8.4445 = 28.34 8.1873 27.42
90-125 3.2328 10.82 . 3.3291 1117 32036 1073
63-90 = 3.7284 1248 3.5560 11.93 - 34296  11.49
<63 8.4859 28.39 8.4240 28.27 9.1815 30.75
‘ 20.4648 9859  29.1591  '97.86 - 29.4494 .. 98.64




TABLE 6. Chemical composition of Timmins Mining Co. tailings

Element . - Element ug/g
cd 10
0.5 ,_ Cr 30
Al,05 .. - 1.0 - ‘Cu . - 90
Fe (total) 4.4 Ni 25
Mn (total) 0.03 Pb 430
K,0 0.18 v | 80
Na,0 0.01 Zn 430

TABLE 7. Chemical composition of Mattabi Mining Co. tailings

Element % Element ug/gi

sio, 39.0 | co 160

cao 0.6 Cr 70

Mgo . 0.8 | Cu 870

Al0, 8.6 Pb 3,800

Fe - (total) 23.3 o . Zn 3,000

Mn (total) 0.08

K,0 0.35

Na,o | 0.12 |

S 25.2




TABLE 8. Concentration ranges Sffﬂéiér and tiace elements in
leachates from Mattabi Mining Co. tailings before addition of the
slag

~ Conc. range mg/L .

281 - 376

AR

Fe A 2,123 - 2,615
K 0.62 - 0.64
Mg : | 57 - 165 -
Na 0.18 - 0.21
Mn: - o “6.20.-.6w24

A
Trace element;

ca | 0.95 - 1.01
co L < 3.59 - 4.72
cr | ' 0.62 = 0.72
Cu 82.85 - 120.60
Ni 1.19 - 1.27
Pb 21.42 - 30.68
v - 0.66 — 0.96
Zn 102.80 - 107.00

pH .of - the leachates: . 2.24 to 2.47

 p— =T}
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TABLE 9. Concentrations of major and trace eléménts in 1eacha£és
from Mattabi Mining Co. tailings after addition of the slag
(concentrations: in mg/L)

Test No. v
1 2 3 | 4 ;

Al - 0.73 0.51 . 1.58  1.54
Ca 327 171 1,031 " 912
Fe 0.03 0.05 0.62  0.93
K 0:07 0.02 0.16 0.22
Mg 0.02 <0.01 0.58 1.33
Na : 1.38 10.04 1.87  0.36
Mn § 0.03 0.03 0.10 0.12
cd é‘<o.01~ <0.01 0.04 0.06
Co - "~ <0.01 <0.01 0.09 - 0.12
cr : " 0.04 0.03 0.18  0.21
Cu 0.04 0.03 0.38 ; 0.70
Ni <0.01 <0.01 0.15  0.19°
Pb 0.50 1.17 3.89 3.92
v <0.01 <0.01 0.36 0.47
Zh © 0.20 - 0.12 0.71 1.12

pH: 11.57 . 11.67 11.86 12.17



-TABLE 10. Concentrations of major and trace elements after.
leachlng the slag with distilled water (d.W.) and leachate from

ca

Fe

Mg
Na

Mn

cd

Co

Cr

Cu

Ni

Pb

zn

pH:

untreated Mattabi M1n1ng Co. tailings

2.17
1,319

0.75

12.10

700 ml d.w.

(concentratlons in mg/L)

1,600 ml d.w.

1.42

12.20

" 900 ml Yeachate -

b

12.12




TABLE 11. Permeability of tailings and slag

- Mix of tailings and slag < 0.5 mm at ratio 20:1, 190 g of tail. + mix 10 g of tail. and 10 g of
: - : slag <2mmonthetop o
“{em/s)*10~ -4 . Time -k (cm/fs)*108 4L
D (days) e
b R 246 156 164 1 1.61 163
2 2.19 143 163" 2 1.82 1.56 _
.3 231 - 142 . 1.524. 3. 216 . 1.87 - ..

4 202 122 1.19 4 1.87 1.45

5 1.88 1.10 1.15 5. 11.87 1.4

6 2.26 1.12 1.15 6 1.91 1.58

7 2.39 1.58 1.23 7 1.84 1.87

8 2.08 1.30 1.24 8 1.81 1.86

9 1.75 1.26 1.20 9 1.73 1.60
Timmins tailings | 100 g of tail. + mix of 100 g of tail. and 10 g~
, S ’ " of slag 0.5 mm on the top
Time Kk (em/s)*10~-5 ' Time  k (cm/s)*10° 4
(days) K (clis)tto~a (days)

2 *

{ 6.80 1.31 7.21 1 1.8 1.53

2 5.46 115 . :6.22 2 1.76 1.22

3 5.36 1.17 . 584 .3 1.4 1.12

4 479 7 1.4 573 4 1.41 1.07

5 6.03 1.08 5.98 5 1.47 1.06

6 5.34 1.09 5.96 6 1.26 1.01

7 5.61 117 5.88 7 '1.22 1.01

8 4.95 1.03 5.08 8 1.22 1.02

9 4.86 1.04 5.12 9 121 1.0
The slag,< 5 mm on the top at ratio 10:1 100 g of tail. + mix of 100 g of tail. and 5 g of

slag + 5 g of slag € 0.5 g on the top

Time k (em/s)*10~-4 . < |- - - |Time k (cm/s)*10™ 4 |
(days) . |tdays) |

1 1.09 1 163 1.63

.2 1.13 2 1.42 132

3 1.09 3 146 . 1.25

4 1.11 4 1.13 1.21

5 1.12 5 1.35 1.36

6 1.12 6 1.27 1.32

7 1.29 7 1.2 1.32 )

8 1.25 8 f.22.0 . 1.42

9 1.20 9 128 = 1.44




Density (Q/Cma)

. 8.58-4— —_— g .
- 1.0-1.4 . 0710 0510 0507 02505 .0.1805 ' ¢
B - Fraction (mmi) |

3.45

3.4

3.35

Density ‘(g/cfma) '

0-0.25 0-0.18 0045  0-0.063
Fraction (mm)

FIGURE 1. Density of slag




Density (g/cm3)

278

2.779°

276w

2.75
2.74

2.73

2.72-

2N

2.7

2.69

2.68

FIGURE 2. Density of Timmins Mining Co. tailings

o-1.4

0-1.4
Fraction (mm)

0-1.4 012-0.18 0-0.063




. Percent finer
8

8
0N

20 : i oY A ‘ e R
10

01 | 10
4 Grain size (mm)

¥

—®— Sample no. 1 —+— Sample no.2 —x— Sample no. 3

FIGURE 3. Grain size distribution of Timmins Mining Co. tailings
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pH units

O N &L O OO

CONTROL
0 2 15 22t
- DAYS
-c.

s

pH vs Application Rate

14
122t
10 ¢
P
c 81
=]
T 6
a
4.
2 .
o . - -
0 8 1216 2 28 35 52
DAYS
- "R=4:1
S

pH units

pH vs Application Rate

14

4 8 12 16.20 22 30 36 44
DAYS

- "R=10:1

pH vs Apkplication Rate

) 14 —
12
10 'r
T 8
el .
4 "'./”r"'.
ot +
0 q 12 20 30 4 120
: DAYS
= Ratio =20: 1
-

FIGURE 6. Changes in pH of the leachate from different miXtures
‘of Timmins Mining Co. tailings'épd¥slag




Leachate Leachate
35 ————Control 35 - R=4:1
£ 20 \ R >H = - E20 \ : - /A\-
215 - ez o . 315 Lo — ]
v 2 10 ._._...4\ S /\ g’-lo i \ e /\\ 4
2 I N A N A v S I R A |
0 L7 NTT N 0! 3 4
Al CdCo Cr CuFe MgMn Ni Pb V 7n Al Cd Co Cr Cu FeMgMn Ni Pb V zn- |
. ~ Metals - ) Lo Metals ‘
9
Leachate': LeaChate'
0 7 R=101 R=20:1
. 0. . o
. 30 ¢ 30
§;2° £ 2
g 3
A R i S SN T
o o =S Al Cd Co Cr Cu Fe MgMn Ni Pb V Zn
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FIGURE 7. Concentrations of major. and trace elements in .leachates
from different mixtures of Timmins Mining Co.’' tailings and slag
after 1 and 3 months of leaching -




talings +'slag (fato 20:1)

26
2 SR WS = Mix of 200 g tailings -
2 \/ \ . and10 g of slag . -
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. 200 g of tailings and
iy 20 g of slag 0-5 mm
5 LR -3 e e on the top
[

1.05 Y T T T T T T T T

1 3 s 7 9
Time (days)

FIGURE 8. Permeability of tailings and slag



fallings + slag (ratic 20;1)

22

TR v
. / /\ / ‘v\_ © 10g of tailings and 10 g

of slag 0-2 mm on the top

K= (am/fs) * 1
2 3
S
N\

13 v
1 k<] 3 7 S
Time (days)
‘8 tailings: + slag (ratio 20:1) ~

X "
1.4 A./\ o v 100 g of tailings and mix

\ \ .10 g of tailings and 10 g of
124 \

] \ i : - slag C¢-0.5 mm on the {op
' 2 = : \\—\' .

: k=aomfs* 10~-4

1 ¥ —F
1 k<] S 7 9

Time (days) i

‘7 fallings. + stag (ratio 20:1)

14 \\/\ o - f/‘ 100 g of tailings and mix

/ 100 g tail. and 5 g of slag
,m— / 0-0.5 mm on the top and
1.3 sereras w \\//_ . - nextS g of slag on the top

K= (em/s) * 10~ -4

1.1

-
w
w
-~
o 4

Time (days)

FIGURE 9. Permeability of a mixture of tailings and slag (ratio
20:1)




APPENDIX 1

TAﬂtE 1.;Fivéﬁ§pgp$'program used in . sample digestion by microwave

y Stages : Pressure . - Dwell Time

(psi) (min)
1 . e a5 5
2 50 | 3
3 , 75 ) .3
4 . 100 5
5 125 5

TABLE 2. ICP-AES operating conditioens

RF power 1100 W

Coating gas 0.3 L/min

Auxiliary gas 0.0 L/min

External flow (cooling) 12 L/min

_PMT high voltage 650 V

Sample uptake rate " 1.2 ml/min
] Inﬁergration time . 1.0 sec

Viewing height | 15.5 mm



TABLE 3. ICP-AES detection limits

Trage ‘element/ Wavelength (nm)

'@',.; .

Al

cd

Co

Cr =

Cu
Fe
Mg

Mn

Ni.

APb

\Y

Zn

394.4

1 226.5

228.6
267.7
324.7
259.9
279.5
257.6
231.6
220.3
292.4

213.8

4

Detection limit (ug/L)

6

34

10

20

25
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