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Beginning with Metals Recovery
Nearly thirty years ago, mining industry veteran Brad
Marchant recognized that many acidic mining waste
streams carried valuable metals that were lost when lime
neutralization was used as the treatment method. The use
of lime not only prevented the recovery of these valuable
metals but also created a voluminous metal-laden waste
sludge that required long-term management and storage
in perpetuity. Brad believed that there had to be
something better than lime treatment and out of that
belief was born the BioSulphide® Process, a sulphide
precipitation water treatment technology that selectively
recovers metals of value, reduces waste sludge production,
and lowers water treatment life cycle costs compared to
conventional lime treatment technologies. However, it was
not until 1997 that Brad formed a private company called
Biomet Mining to begin the commercialization of the
process.
Several years of process development and piloting
followed to prove the concept and demonstrate the
potential process economics of BioSulphide® using a
variety of acidic mining waste streams. Rick Lawrence, a
business partner with Brad at a previous venture called
Coastech Research where the two were pioneers in
biohydrometallurgy and acid drainage assessment and
treatment, joined Biomet in 1999. It was at Coastech
where Rick and Brad first started to develop biological
sulphate reduction technology for treating acidic mine
waters.
Promising pilot results led to a formative period in 2000
that saw Biomet go public, change its name to BioteQ
Environmental Technologies and secure financing to
proceed with its commercialization plan for BioSulphide®.
Part of this plan involved the addition of key technical
personnel and in 2001, David Kratochvil joined the
company to help spearhead technical development and
commercialization. It was also at this time that the focus of
BioSulphide® moved from biological sulphate reduction to
biological sulphur reduction with elemental sulphur being
used as a reagent to generate sulphide.
That same year, BioteQ signed its first agreement for a
commercial plant at the Caribou Mine in New Brunswick.
Less than a year later in the early part of 2002, a
BioSulphide® plant was successfully commissioned at the

site (Figure 1) to treat acid mine drainage to comply with
environmental regulations and selectively recover copper
and zinc concentrate products.

Figure 1. First BioSulphide® plant, located in New
Brunswick
In the first year of plant operations, several mining
companies including Falconbridge and Phelps Dodge
toured the facility and completed due diligence on the
technology. This was the start of the expansion plans for
BioSulphide® which led to the development of the related
ChemSulphide® Process and that resulted in the
implementation of the company’s water treatment
technologies with concurrent metal recovery at several
mine sites around the world between 2003 and 2008.
Highlights of these projects include:
• Water treatment at the Raglan Mine in sub-Arctic
Canada where BioteQ’s technology eliminates waste
sludge generation, treats water meeting stringent
environmental criteria for water discharge and recovers
nickel from the mine wastewater (Figure 2).
• Installation of a copper recovery plant to treat acid
mine water leaching from spent copper heap leach
operations near Bisbee, Arizona (Figure 3).
• Significantly reducing the cost of mine drainage
treatment at a former US EPA Superfund site in
Wellington Oro, Colorado by eliminating waste sludge
generation and disposal, with concurrent recovery of
zinc and cadmium.

31
Canadian Contributions to Mineral Processing Technology 1968 to 2018

• Transforming the net annual cost of mine water
treatment at the Dexing Mine in China into a net profit
centre through the recovery of copper from acidic mine
wastewater upstream of a HDS lime treatment facility
(Figure 4).

These projects helped BioteQ to establish itself as a
water treatment company with many of the world’s
leading metal producers including Glencore, FreeportMcMoRan, Kinross and Jiangxi Copper. What made the
company unique was that BioteQ not only offered the
water treatment technology but also the operations and
maintenance of the water treatment plants it designs and
builds. To this day, these projects account for a significant
part of the company’s ongoing business with the Raglan
water treatment plant now entering its 14th operating
season.

Sulphidization Expertise and SART
In the late 1990’s, SGS Lakefield Research and Teck
Corporation developed the Sulphidization, Acidification,
Recycle, Thickening (SART) Process for the recovery and
recycling of cyanide consumed in gold leaching operations
by base metals. Although SART became a public domain
technology following a successful pilot demonstration at
the Lobo-Marte Project, its adoption by the industry was
slow. This can be attributed to the perceived risks
associated with the process scale-up, potential H2S and
HCN emissions with the use of sulphide at acidic pH on
cyanide solutions on a large scale, and the challenge
related to producing metal sulphide products that could be
easily dewatered and sold as high-grade sulphide
concentrates.
Having taken sulphide precipitation technologies that
produce saleable metal concentrates from bench scale to
full-scale plants, BioteQ was uniquely positioned to help
the industry overcome these challenges with SART. The
fact that Chris Fleming, one of the developers of SART at
SGS Lakefield, joined BioteQ’s Board of Directors in 2010
also helped to cement the company’s leadership in SART.
Subsequently, BioteQ has successfully applied this knowhow to several large-scale SART projects with different
metallurgical flowsheets presenting unique sets of
requirements for process integration.

Figure 2. ChemSulphide® plant in sub-Arctic Canada

Figure 3. BioSulphide® plant in Arizona

Sulphate Control
The next chapter in the history of BQE Water began when
regulatory agencies around the world started to get
concerned about sulphate levels in mining wastewater.
Conventional wisdom dictated that reverse osmosis (RO)
was the right technology to achieve incoming sulphate
discharge limits ranging from 250 to 1,000 ppm. However,
Brad and David knew that while RO was an effective
technology for seawater desalination, its application in
mining could become problematic and cost prohibitive for
the industry due to the chemical complexity of many mine

Figure 4. ChemSulphide® plant in China
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impacted waters. In addition, their early experience in
biological sulphate reduction steered them towards a
different solution for sulphate removal.
There were two main considerations that led to the
exploration of alternatives to RO for sulphate removal
from mining wastewater. First, mine waters are typically
rich in calcium hardness and other constituents that would
foul the RO membrane. And second, the disposal of waste
brine produced by RO could be difficult whereas seawater
desalination applications of RO simply discharges the
waste brine back into the ocean.
It was at this time that Brad identified the GYP-CIX ion
exchange process that was in the initial development
stages in South Africa as a promising alternative to RO.
David carried out a technical due diligence on GYP-CIX and
identified
several
flowsheet
modifications
and
performance enhancements that needed to be resolved.
Confident that the process challenges could be overcome
with further testing and development, the company
acquired the rights to the process and re-branded it SulfIX™. The work undertaken with Sulf-IX™ has resulted in a
process that reduces Total Dissolved Solids (TDS) in
wastewater by selectively removing sulphate and calcium
while producing clean gypsum solids as the only byproduct.
The first company that showed interest in Sulf-IX™ was
Freeport-McMoRan (FMI). Following an initial scoping
study comparing Sulf-IX™ to other sulphate treatment
options and a successful laboratory scale demonstration,
FMI was ready to proceed to the next stage. Realizing that
the successful development and commercialization of a
new technology is best carried out with an end user as a
partner, BioteQ formed a partnership with FMI in 2007.
The focus of the partnership was to develop an industrial
scale demonstration of Sulf-IX™.
After a review of possible site locations, Sierrita Mine in
Arizona was selected for the demonstration with seepage
water saturated with gypsum the target stream for SulfIX™ treatment (Figure 5). Following the initial design and
construction of the plant in the latter part of 2010, it took
several years to optimize the process and implement
design modifications necessary for achieving high plant
availability, process automation and consistent
performance.
A
steady-state
fully
automated
demonstration was completed by continuous plant
operation in 2015.
The demonstration plant results confirmed all
performance expectations including: near complete
removal of calcium and calcium-balanced sulphate from
typical neutral mine water, greater than 98% water
recovery, and a high purity gypsum by-product that could
be re-used in construction or mine reclamation activities.
Furthermore, according to a FMI internal cost assessment,

Sulf-IX™ reduces the Life Cycle Cost of sulphate removal by
24% compared to RO combined with solar evaporation.

Figure 5. Aerial of Sulf-IX™ plant in Arizona
This was an important milestone for Sulf-IX™ in mining.
Unlike the Sierrita Mine site which is located in the Arizona
desert where solar evaporation is possible and land is
available, many mine sites are located in geographical
areas with positive water balances and/or land footprint
limitations as well as harsh weather environments where
the disposal of RO waste brine could be problematic. SulfIX™ provides a viable option to achieve water quality
targets cost-effectively without the long-term liabilities
associated with either the build-up of contaminants
caused by brine recycling or the disposal of highly soluble
sodium sulphate crystals that result from the evaporation
and crystallization of RO brine.

Addressing the Selenium Challenge
Beginning in 2010, selenium emerged as a new major
water challenge for the mining industry. Following
advancements in the understanding of selenium toxicology
and the accuracy of selenium measurements in mine
water, North American regulatory agencies started to
introduce selenium limits for mine discharge water varying
from 1.6 to 3.1 parts per billion depending on the receiving
environment. This left the mining industry in a difficult
position to identify and implement a Best Available
Technology (BAT) for selenium removal from wastewater
in a very short period of time. The only technologies that
could claim to have been commercially available at the
time included RO, ion exchange (IX) and biological
selenium reduction.
Similar to sulphate removal, the difficulties with
managing waste brines produced by membranes and
conventional IX, dismissed RO and IX from further
consideration for most mine applications. Through this
process of elimination, biological selenium reduction was
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chosen by the industry as the BAT. This happened despite
the fact that at the time there were no large-scale
applications of biological selenium reduction in the mining
industry. Only four small industrial plants operating on
relatively low flows of warm flue gas desulphurization
scrubber water in the power generation industry existed,
and concerns by the power industry regarding
performance and costs were largely drowned out by the
pressing need to implement something quickly.
In this environment, engineering firms, environmental
consultants, and equipment vendors all lined up behind
the chosen BAT to participate in its implementation.
Meanwhile, BioteQ’s senior technical experts had a
different view and decided to follow a different approach.
The company’s expertise in water treatment provides a
deep understanding of the vast differences between
treating relatively constant and low flows of warm
scrubber water in the power industry to that of mine water
which is typified by highly fluctuating flows, variable mass
loading of contaminants, cold temperatures, remoteness
of operations, and limited disposal options for selenium
laden biosolids residue. None of these differences
favoured the implementation of biological selenium
reduction in mining. In addition, the costs associated with
implementing biological selenium reduction in power
generation were very high, and given the extra challenges
in mining, the costs would certainly be outside the range
that the mining industry could accept and remain
competitive.
BioteQ’s sulphate removal experience with Sulf-IX™
suggested that if an IX resin with an acceptable capacity for
selenium could be identified, and if there was a way to
recycle the spent IX regenerant, which would eliminate
waste brine production, then there could be a more cost
effective alternative available compared to biological
selenium reduction. The technical team came up with the
idea to use electro-cells to remove selenium from the IX
regenerant which then allowed the regenerant to be
reused. The resulting process was named Selen-IX™ and
bench scale testing got underway immediately. The key
features of Selen-IX™ include the selective removal of
selenium to levels below one part per billion (ppb) to meet
stringent regulations without introducing any new
substance that was not already present in the water. A
robust process, Selen-IX™ performance is unaffected by
water temperature changes or selenium metal load
fluctuations and the by-product of the process is a stable
and non-hazardous selenium-rich inorganic residue (Figure
6).
One of the companies that took a strategic view to
selenium control and decided to invest time and resources
into finding alternatives to biological treatment was Teck
Resources. Despite having been mandated to implement a

biological selenium reduction system at one site in the Elk
Valley, Teck approached BioteQ in 2012 with an interest to
evaluate Selen-IX™.

Figure 6. Selen-IX™ solids residue
After successful laboratory scale demonstrations, a
continuous flow Selen-IX™ pilot plant was constructed and
operated for several months (Figure 7). The selenium
removal
results
were
extremely
encouraging,
demonstrating that selenium removal to levels below one
ppb were possible.

Figure 7. IX columns in Selen-IX™ pilot plant
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Figure 8. Interior of Selen-IX™ pilot plant
Half way through the pilot project, Teck requested that
nitrate also be removed with Selen-IX™. Unfortunately,
Selen-IX™ is very selective for selenium removal and could
not meet the new requirement for concurrent nitrate
removal. This did not stop further Selen-IX™ development.
Building on the success from the first pilot, other mining
companies with selenium and no nitrate removal
requirements engaged BioteQ to pilot Selen-IX™ on a
variety of mine impacted water sources. Since the initial
pilot campaign with Teck, three additional pilot projects
have been completed. In all cases, the key features and
performance expectations of Selen-IX™ were successfully
demonstrated to the industry and regulatory agencies who
have issued approvals for new mining projects based on
the results of these pilot campaigns. Figure 8 shows the
interior of the Selen-IX™ pilot plant

Becoming BQE Water
The most recent chapter in the company’s history began to
unfold when David became the President and CEO in
March 2014. Since that time, the company has
transformed from being a technology developer and
provider into a mine water specialist offering a broad and
diversified scope of services spanning all stages of the
mine life from permitting to closure. In March 2017, we
changed our name from BioteQ Environmental
Technologies to BQE Water to reflect our transformation.
There were two reasons for this transformation. First
was the recognition that technologies in themselves are
successful at creating value only if they are applied in the
right context and with the full understanding of the larger
regulatory and cost framework. This entails taking into
account all aspects of water and contaminant
management requirements at mine sites which is very
much site specific. Second, David realized that the industry

finds itself in an increasingly difficult situation; on one
hand it has to find ways to operate in an increasingly
stringent and evolving modern regulatory environment
while adopting more socially and environmentally
responsible methods of managing water issues, and on the
other, it has to be smarter than ever about allocating
resources to areas outside of the core expertise of mineral
extraction and processing.
BQE Water’s goal is to help bridge this gap and provide
mine water treatment and management expertise through
all phases of the mine life. One of the catalysts for the
transformation was the Mount Polley tailings dam failure.
This event took place within British Columbia provincial
borders and both industry and mass media reported
heavily on the incident. The more we learned, the more we
saw the need to look at water issues holistically and to
develop new methodologies and approaches to mine
water and water quality management.
These approaches must incorporate the proper
assessment of risk and understand the interdependencies
between water management options, the value of water,
water quality management, mining and mineral processing
methods, tailings management, and the environmental
liabilities through all stages of the mine life from
permitting to post-closure. Recognizing this need, BQE
Water started to evaluate water management and
treatment options using Risk Adjusted Life Cycle Costs
(RALCC) where risks associated with different water
management options are translated into costs that are
rolled into the capital and operating life cycle costs.
Examples of the successes BQE Water has achieved
with its transformation include:
• Enabling Seabridge Gold to receive federal and
provincial approvals for the Kerr-Sulphurets-Mitchell
Project by providing a viable solution for selenium
control.
• Providing JDS Silver with a solution to achieve costeffective environmental compliance at their Silvertip
Mine project by avoiding the major capital and
operating expenses related to HDS lime plants with a
portable treatment unit targeting only the constituents
of concern. This involved changing the water treatment
process (Figure 9) in the permit application which in the
end created more flexibility for the mine operation in
addition to reducing water treatment life cycle costs.
• Enabling AuRico Metals to receive an Environmental
Assessment certificate for the Kemess Project by
assisting in the permitting stages to define water
treatment solutions for the removal of metals and
selenium from excess tailings supernatant water to
ultra-low levels.
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Figure 10. BC Minister of Environment, Mary Polak, visiting
the Selen-IX™ pilot plant (Oct. 2015)

Figure 9. ChemSulphide® plant at Silvertip Mine
All these examples involved creative thinking about
mine water management and demonstrates that BQE
Water provides not just technology but also the strategy
and methodology for the assessment, permitting and
implementation of different water treatment and water
quality management solutions. That said, technology
development is alive and well at BQE Water with the
technical team currently working on new treatment
methods for the simultaneous removal and value recovery
of nitrogen species such as ammonia and thiocyanate in
mine waters.
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The Future for BQE Water
BQE Water is a small Canadian company run by water and
mining industry professionals who are not afraid of
thinking outside the box. We challenge entrenched views
about mine water, and core to our company is investing in
innovation. As such BQE Water is now shaping discussions
about future water management and treatment practices
not only within the industry but also through dialogue with
regulatory agencies and the communities where mining
activities take place. Where some see only costs, risks and
liabilities associated with water, we see value and
opportunities. Our belief is that you do not have to be a big
company to make a big impact, but thinking big is a must.
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