
TREATMENT 

Acid mine drainage 

A
cid drainage from underground 
workings (referred to as acid mine 
drainage or AMD) and surface opera­
tions and wastes (referred to as acid 
rock drainage or ARD) represent two 

of che most intractable issues faced by the non­
ferrous metal and coal mining sectors. The 
recent creation of a number of high-level 
national and international initiatives clearly 
demonstrates the continuing concerns of indus­
try, government and ocher stakeholder groups. 
Once initiated, the cycle of chemical and biolog­
ical reactions chat generates acidic, metal-conta­
minated waters, via the oxidation and leaching of 
sulphides, may be difficult or impossible to stop. 

Although there is evidence 
to suggest chat the degree of 
contamination in acid 
drainage will decrease rapidly 
within a relatively short cime­
frame, experience in historic 
mining regions of rhe world 
indicates chat the problem 
may persist for centuries at 
certain sites. Add to chis the . 
global depletion of oxidised 
(non-acid generating) ore 
deposits and the increasing 
dominance of sulphide ores, 
and the potential for increas­
ing acid drainage is clear. 
Indeed, acid drainage from 
mine workings and waste dis­
posal is considered by many 
to be the most serious long­
term and widespread envi­
ronmental impact caused by 
mining and the industry's 
greatest environmental challenge. 

Current best practice in dealing with acid 
drainage places the emphasis on prediction and 
prevention, planned from the outset of the 
operation and integrated wi th each phase of 
the mine site lifecycle. The elements that con­
stitute best practice are becoming more clearly 
defined and as chis process of clarification con­
tinues cutting edge companies will undoubt­
edly accelerate the process of best practice 
implementation, detaching themselves from 
the historic image of mining as a despoiler and 
polluter oflandscapes. 

However, it is equally clear that despite the 
best efforts of industry and regulators, acid 
drainage will continue to be an issue during 
operation and pose-closure at many sites; a 
legacy derived from operational and strategic 
decisions made decades ago, before the risks 
and impacts of acid generation were properly 
understood. In addition, the generation of 
contaminated drainage from poorly managed 
operations and from historic and abandoned 
sires, and it seems certain chat remedial treat­
ment will be required for the foreseeable future 
to protect water quality, the ecosystem and 
human health. 

LIME TREATMENT OF ARD 
Despite the recent advances in predictive 

and preventative measures, treatment tech­
nologies have been static for several years, and 
remain dominated by the application of lime 
in a number of basic and more sophisticated 
guises. Although the drawbacks and deficien­
cies of lime-based systems are well known, the 
absence of cost-effective alternatives has 
ensured that it remains the treatment of choice 
at the majority of sites facing the issue of acid 
drainage. Although the negative aspects of 
lime-based systems vary according to site-spe­
cific factors, it is possible to draw up a generic 
list, which includes: 

The K250 system in place at the treatment point. 

♦ relatively high capital cost of the dosing 
system and ancillary equipment; 
♦ chemical instability of treatment sludges 

leading to possible classification as hazardous 
wastes chat require high-cost disposal at desig­
nated sires; 
♦ poor handling characteristics of treat­

ment sludges, which may require extensive 
land areas for disposal, or expensive mechani­
cal dewatering; 
♦ high pH required to remove metals such 

as manganese may in turn cause other metals 
(eg zinc and aluminium) to resolubilise, neces­
sitating a multi-stage treatment to reduce all 
metals to acceptable concentrations; 
♦ limited potential for resource recovery; 

treatment sludges normally have no commer­
cial value and reprocessing to extract the metal 
content is uneconomic with existing technolo­
gies due to the large excesses of lime chat are 
often used during treatment to ensure com­
plete metal precipitation; and 
♦ long-term liability associated with 

sludge disposal sites as a result of the potential 
for contaminant redissolucion. 
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Although lime is widely accepted at present 
on the basis of operational costs and its capac­
ity to treat acid drainage, it is becoming appar­
ent chat these and other drawbacks will 
continue to undermine its dominant position 
in the next century and help overturn industry 
hesitance towards alternative innovative tech­
niques. 

SILICA MICRO ENCAPSULATION 
The Klean Earth Environmental Company 

(KEECO) has been aware of the drawbacks of 
lime-based treatment systems for a number 
of years. In response the company has been 
developing an innovative, cost-effective 

and high-perform­
ance treatment system 
chat has the positive 
characteristics of lime­
based systems ( eg 
responsive to varia­
tions in flow and 
degree of contamina­
tion, capacity to treat 
highly acidic waters, 
and performance 
that is independent 
of temperature), but 
none of the draw­
backs. The KEECO 
Silica Micro Encap­
sulation (SME) system 
is based on a range of 
unique and proprietary 
calcium/ silica-based 
reagents. To date, 
these have been 
applied in the treat­

ment of acid drainage, industrial effluents, tail­
ings and mine waste, brownfield sites and the 
removal of radioisotopes from mixed and 
aqueous wastes, and the list of potential appli­
cations continues to grow: 

The reagent optimised for such applications 
as removal of heavy metals from acid drainage 
and industrial effluents is KB-I™ which con­
tains three major components: a pH adjuster 
to initiate the precipitation of heavy metals; a 
polymerising component that traps the precip­
itated metals in a three-dimensional structure, 
or matrix, composed primarily of silica; and a 
support component that carries the pH 
adjuster and polymeriser, increasing the avail­
able surface area and minimising reaction 
times. 

Together, the three components cause the 
silica micro encapsulation of dissolved conta­
minants, producing decontaminated water and 
silica encapsulated metal precipitates in the 
form of a fasc-sectling, sand-like product, 
which is environmentally benign, non-haz­
ardous and resistant to degradation under nat­
urally occurring conditions. Due to the coarse 
size and high density of the encapsulated parti­
cles (relative to precipitates resulting trom lim-



ing) , no flocculent is required to induce set­
tling, which occurs naturally at a high rare. 
As solid-liquid separation rapidly occurs, 
high-cost dewarering techniques are not 
necessary and the land sterilised by sediment 
disposal is also dramatically reduced. The 
photograph shows the encapsulation of a 
copper arsenate precipitate. 

KB-1 may be applied in dry or slurried 
form, depending on rhe dosing system 
required. For continuous high flow regimes, 
the K500 is used. The K500 is a self-modu­
lating and compact plant chat achieves rapid 
and economic removal of heavy metals. 
The system can treat in excess of 40 lirres/s 
in a single pass and rhe entire mixing process 
is achieved by air, directed dry KB-1 powder 
and controlled turbulent effluent flow with­
out any form of mechanical stirring, with an 
energy requirement oflirtle over 3 kW. 

For lower flows, irregular flow scenarios, ! 
or sires where the space is at a premium (eg 
underground treatment stations), KEECO 
developed the K250 shear-mixing unit. This 
machine utilises a system char blends KB-1 
powder with a bleed stream from the main 
acid flow. Efficient mixing is accomplished 
through the blending action of a high shear 
mixer to homogenise rhe KB-1 slurry and 
maximise its chemical reactiviry. 
Compressed air is then used to assist the 
injection of slurry into the main waste 
scream. As rhe sheared KB-1 slurry is 
extremely reactive it is dispersed through a 
chemically resistant, ventilated plastic mani­
fold to facilitate rapid dispersion · of the 
reagent throughout the stream. This process 
results in rapid reaction between dissolved 
metals and rhe KB-1. As rhe unit is designed 
to inject slurry directly into the water stream, 
it is capable of creating highly variable flows 
up to or in excess of 150 litres/s. This signifi­
cantly reduces the capital outlay char is often 
associated with systems that must respond to 
seasonal or production-related changes in 
flow. 

KEECO believes chat KB-1, the K500 and 
K250 represent the first serious alternative to 
lime treatment char delivers reliable perfor­
mance, a high level of environmental protec­
tion and is a waste management tool char meets 
the wider requirements of sustainable develop­
ment at low capital and operating cost. Its 
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pH returns co approximately 7. 

Silica micro encapsulation of copper arsenate 
precipitates. 

Table 2 Sediment analysis by SEM-EDS (Wt%) 

"Element Primary' stage Secondary stage 

.Al 2.48 ,2.Q9 
Ca 9.iO 6.16 
Fe 31.07 3.60 
Mg 1.40 3.68 
Mn 1.36 7.72 
0 . 37.98 32.47 
s 4.80 6.58 
Si 3.94 .4.38 
Zn 7.44 33.05 

Total 99.56 , 9.72 

application as a dry powder or as a slurry 
means char there is no need for major reinvest­
ment in terms of ancillary equipment for sires 
already using lime, removing one very signifi­
cant obstacle often seen in the introduction of 
innovative technologies. Its position as a seri­
ous contender with lime is being confirmed by 
an upsurge in field trials and commercial con-

tracts in the last twelve months, of which 
one of the first was the treatment of an acid 
scream emanating from the Kellogg runnel 
of the Bunker Hill mine. 

BUNKER HILL MINE 
The Bunker Hill mine (part of the Bunker 

Hill mining and metallurgical complex) was 
one of the largest lead and zinc mines in rhe 
US and has been in virtually continuous 
operation for over 100 years. Ir has 31 levels, 
over 240 km of drifts, and nearly 10 km of 
major inclined shafts. Researchers have esti-
mated char the total volume of disturbed 
ground associated with mining activity is 20 
km3. The sulphide mineralogy of rhe mine 
is complex and gives rise to a broad range of 
metals and meralloids in rhe acid discharge, 
including lead, zinc, iron, copper and man­
ganese. The mine is an archetypal example 
of rhe chronic problems associated with acid 
drainage that are so often seen in histo ric 
underground s.ulphide mine workings. 
Preventative measures have been hindered 
by the infiltration and percolation of incipi­
ent rainfall through several thousand feet of 
sulphide-bearing r0ck overlying the mine 
workings. 

The main entrance to the mine is at Level 
9 (the Kellogg runnel); a 3 km drift chatter­
minates in the heart of the mountain overly­
ing rhe mine. The runnel is the main haulage 
route into, and our of, the mine and is the 
ievel at which water percolating down 
through overlying sulphide-bearing strata is 
combined with water pumped from the 
lower levels and discharged. 

Until relatively recently the mine was 
under a carecand-maintenance regime and 
its acid discharge was treated in a lime-based 
system that dealt centrally with effluents 
from the whole area. This was built in the 
early 1970s, after federal law made it illegal 
to discharge uncreated mine was te waters 
directly to surface waters, and is now over-

seen by the US EPA. Much of the remedial 
work in the area has been funded through the 
Superfund and, after its purchase in 199 1 by 
the N ew Bunker Hill Mining Co., liabili ty for 
the part of the mine' s acid discharge was trans­
ferred to rhe new owners. At the time of the 
field trials, the company mine was under pres­
sure to improve the quality of water being dis-
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charged from rhe mine and thereby reduce rhe 
load on the central treatment facility. Standard 
treatment processes had proved unsuccessful 
or uneconomic (including the use of lime­
based systems) and subsequenrly KEECO was 
invited to undertake trials ar the mine. Ar rhe 
rime an acid stream of approximately 40 lirres/s 
at a pH of 1.96 was emanating from a large 
underground working and this discharge was 
chosen as the most appropriate for rhe trial. 

To accommodate underground treatment a 
K250 system was chosen in preference to the 
K500. The compact nature of rhe K250 is dis­
played in the photograph on page 7, which 
shows rhe control and shearing system in the 
background and the plastic manifold delivery 
system in rhe foreground, discharging KB- I 
slurry into a trench carrying the water from its 
source ro the portal of Level 9, 3 km away. The 
only additional space required beyond char 
shown is for the reagent feed hopper and 
reagent storage (relative ro lime the latter is 
lower per tonne due ro the higher bulk density 
ofKB-1). 

Results of rhe trials were exceptional. The 
K250 treatment system was assembled and 
running within hours of its arrival at the mine 
sire. Previous laboratory rests had indicated 
char a dose rare of 3-4 g KB- I/litre would be 
required ro reduce metal concentrations ro 
acceptable levels. However, the high efficiency 
of rhe K250 reduced this ro 2.0 g/litre under 
field conditions, at a cost of under one-tenth of 
US$0.01/lirre. Ar chis dose rare rhe treated 
waters achieved discharge criteria and in fact 
were sufficienrly clean ro satisfy US drinking 
water criteria for arsenic, cadmium, 
chromium, lead and zinc (see Table 1). The sil­
ica-encapsulated sediments also passed rhe US 
EPA Toxicity Characteristic Leaching 
Procedure (TCLP), confirming the non-haz­
ardous nature of rhe waste and eliminating the 
expense of hazardous waste disposal. Ir would 
therefore be feasible ro return rhe encapsulated 
sediments ro worked-our areas of rhe mine, 
removing rhe need for a surface disposal sire, 
wirh the decanted clean water_ discharged 
direcrly ro surface waters. 

LOOKING TO THE FUTURE 
KEECO and Bunker Hill mine evaluated 

rhe possibility of recovering a zinc product 
from rhe contaminated water as an integral 
part of the treatment process. Preliminary rests 
were very promising. Using a primary treat­
ment step wirh the addition of KB- I to raise 
the pH ro 5.5 , and a secondary step where fur­
ther KB-I is added ro bring rhe pH ro 8.5, 
zinc-depleted and zinc-rich sediments can be 
separated. A typical analysis of rhe primary and 
secondary stage sediments is shown in Table 2. 
The primary stage sediment passed the TCLP, 
while rhe secondary stage sediment was com­
prised of approximately one-third zinc, with 
rhe other major components being calcium, 
iron and manganese. KEECO is now exploring 
processing options for the economic recovery 
of rhe zinc; based on rhe chemical stability of 
the sediment, ir is likely char a pyromerallurgi­
cal process will be the most appropriate route. 
While this approach would not be suitable for 
every operation, the fact char no additional 
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KB- I is required offers a tremendous potential 
at certain sires ro generate additional revenue 
ro offset the cost of treatment. 

CONCLUSIONS 
Ir is certainly worthy of nore thar the mine 

owner has stated char rhe KEECO process rep­
resented a substantial reduction in the capital 
expenditure required for water treatment and 
was unmatched by anything he was aware of, 
while still providing the desired water quality 
results. The ability ro implement a consistent 
treatment programme char can adequately 
address any requirements for both present and 
future regulatory criteria was the primary reason 
for the mine owner's decision ro evaluate rhe 
KEECO process. Understandably, rhe mining 
industry is relatively conservative when invest­
ing its funds in new technologies or approaches. 
This reflects in part rhe low profit margin of 
many companies. However, new technology 
must be incorporated into mine design and clo­
sure plans as ir becomes available. So far, it 
appears char the project at the Bunker Hill mine 
was a success, and a substantive stepping-scone 
on rhe way to the increased implementation of 
the SME process, and the next generation of 
environmental technologies for water and waste 
treatment in the mining industry. 

With a number of full-scale contracts under­
way or completed, and rapidly expanding 
interest, rhe credibility of rhe SME process has 
been firmly established; something that 
KEECO has worked hard to achieve against a 

background of financial troughs and peaks in 
the mining industry. KEECO is, however, 
keen ro ensure that ir continues to contribute 
ro the safe and clean development of the min­
ing industry. It is, therefore, working ro 
develop techniques ro specifically target and 
encapsulate pyritic materials ro prevent acid 
generation from existing, new and planned 
mine wastes. Resource recovery from metal­
contaminated waters via control of the SME 
process is also being examined further at spe­
cific sires. Conscious of the financial pressures 
under which most, if nor all, mining compa­
nies operate, KEECO will continue ro work 
with clients to find ways ro drive costs down 
and move from waste management ro pollu­
tion prevention via integration of the SME 
process with mine development and plant 
design. 
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