
Mining EnginEEring  octobEr 2009     17

From the late 1880s until the 
early 1970s, the Wellington 
and Oro mines were integral 

parts of Colorado’s rich mining his-
tory. Together, they were called the 
Wellington Oro Mine and produced 
silver, gold, lead and zinc. The mines, 
just outside of Breckenridge, CO in 
the mountains of Summit County, 
ceased operations in 1972 and left 
behind miles of tunnels and an un-
intended environmental legacy of 
contaminated water.

The water from the mine was 
found to be polluted with dissolved 
metals including zinc and cadmium.  
This water is called acid mine drain-
age, which happens as a result of a 
process that occurs at an estimated 
70 percent of mines when exposed 
rock containing sulfide-based miner-
als is exposed to water and oxygen 
along with common bacteria to cre-
ate an acidic water that dissolves 
residual metals from the rock.

In the case of the Wellington Oro 
site, rainfall and snowmelt, which is heavy in the ski-resort 
town of Breckenridge at an altitude of about 3,000 m 
(10,000 ft), entered the mine’s tunnels and became acidic, 
dissolving zinc and cadmium while passing through the 
natural watershed to French Creek and eventually the 
Blue River and Dillion Reservoir, which supplies drinking 
water to Denver. The elevated levels of zinc and cadium 
found in French Creek also had a severe impact on the 
brown trout fishery in the Blue River downstream.

In 2005, shortly after the town of Breckenridge and 
Summit County joined forces to purchase the site as 
part of 728 hm2 (1,800 acres) of open space, the U.S. 
Environmental Protection Agency (EPA), which had 
previously identified the site as a potential Superfund 
Listing, issued an international call for proposals to find 
the best technology to treat the water coming from the 
Wellington Oro Mine.

In addition to removing the metal contaminants from 
the water to a level that would meet Colorado Water 
Quality standards from zinc and cadmium content, the 
consortium of the town, county, Colorado Department 
of Public Health and Environment and the EPA also 
wanted to limit the amount of waste product that would 

be produced.
They found Vancou-

ver-based BioteQ. 
BioteQ won the bid 

with its sustainable wa-
ter treatment solutions 

that removes the metals from the water and provides 
the added benefit of producing a salable product before 
recycling the water. In Wellington Oro’s case, raw zinc 
is removed from the water at a rate of about 1,814 kg/m 
(4,000 lbs/month).

Process
The water from the Wellington Oro Mine is treated 

using a process called sulfide precipitation. The contami-
nated water is collected in an underground tank, and is 
pumped into the plant, where the water chemistry condi-
tions are adjusted in a contactor tank, using ChemSul-
phide technology developed by BioteQ Environmental 
Technologies.

Metals recovered from mine water 
provide new revenue stream

the Wellington oro water treatment plant in breckenridge, co uses bioteQ’s 
chemSulphide technology to remove zinc and cadmium from the water con-
taminated by the closed Wellington oro Mine. the process also produces sal-
able zinc concentrate.
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the chemSulphide schematic flowsheet shows that 
following metal precipitation in the contactor, the flow-
sheet and process operation is the same as in the bio-
Sulphide Process.
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In the ChemSulphide pro-
cess, chemical sulfide is added 
to the contactor tank where 
it mixes with the water to be 
treated under controlled con-
ditions to selectively precipi-
tate metals as a metal sulfide. 
The precipitated metals and 
water are pumped to a clarifier 
tank where the clean water is 
separated from the metal solids 
and discharged or recycled. By 
changing the water chemistry, 
the dissolved metals precipi-
tate to form solid, high-grade 
metal particles. These particles 
are then recovered using a 
clarifier and filter, producing a 
high grade metal product that 
can be recycled into useful products, and clean water that 
can be safely discharged to the Blue River.

The treated water from the Wellington Oro plant meets 
Colorado Water Quality Standards for both metals and is 
returned to the French Gulch with less than 225 parts per 
billion of zinc and 4 parts per billion of cadmium. 

“The results we have been getting recently have been 
very good,” said Mark Meyer, plant manager for the Town 
of Breckenridge. “We are removing a huge percentage 
of the zinc. And one of the desirable things is we can 
leave a lot of the iron, we don’t have to remove it and 
this process doesn’t create sludge volume.”

Meyer said that peak times come in the early spring 
with the snow runoff from the peaks surrounding the 
mine. During a tour of the plant in July, the plant was 
processing about 276 L/min (73 gpm) from the collection 
box. It can handle as much as 568 L/min (150 gpm) and 
has an added benefit that, in the event of disruption, water 
can be pumped back into mine for temporary storage.

The alternative to BioteQ’s technology is called “lime 
treatment.” Instead of using sulfide precipitation to re-
cover solid metal particles, lime treatment would use lime 
(Ca(OH)2) to precipitate the metals as a sludge.

“Using the lime treatment system, you would be 
pumping out a lot of sludge,” Meyer said. “With this 
process, we are recovering the zinc.”

During the July tour for media representatives, five 
907 kg (2,000 lb) containers of zinc were waiting to be 
sold and shipped. For BioteQ, the Wellington Oro plant 
is one of the smaller of its eight plants, but serves as a 
good illustration of the process.

“A true benefit of this process is that it does produce 
a salable product,” said Tanja McQueen, vice president 
of corporate development for BioteQ. “We have a plant 
in Bisbee, AZ that is also operating at a closed mine site 
and it recovered nearly 590 t (1.3 million lbs) of copper. 
We also have a plant in China that recovered nearly 453 
t (1 million lbs) of copper in its first year of operation.”

BioteQ was formed in 1997 and went public in 2001. 
It currently operates at the Raglan Mine in Quebec; Mt. 
Gordon, Australia; Dexing, China; Lluvia de Oro, Mexico 
and the Caribou Mine, New Brunswick.

The Raglan Mine is an operating nickel mine in the 
Canadian Arctic with strict environmental regulations 
that BioteQ is meeting with its ChemSulphide process.

BioteQ has two other core technologies — Biosulphi-
de process and the Sulf-IX process.

The BioSulphide process has two 
stages: biological and chemical. In 
the process, sulfur-reducing bacteria 
in an anaerobic bioreactor produce 
hydrogen sulfide gas (H2S). The gas 
is transferred to a contactor tank 
where it mixes with the water to be 
treated under controlled conditions 
to selectively precipitate metals 
as metal sulfides. The precipitated 
metals and water are pumped to a 
clarifier tank where the clean water is 
separated from the metal solids and 
discharged or recycled. The metal 
solids are filtered to remove excess 
water, producing a high grade metal 
product suitable for refining. To 
recover separate metal sulfide prod-
ucts, separate contactor and clarifier 
tanks are set up in series.

Metals that can be recovered into 

the Dexing Mine in china is bioteQ’s largest operation.

Zinc is recovered at Xstrata’s raglan Mine in northern Quebec. 
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valuable products include copper, zinc, nickel and cobalt. 
Toxic metals such as arsenic, antimony, lead, cadmium 
and manganese are also removed from the water.

The process is used to treat acid mine drainage, leach 
solutions, industrial wastewater, water in mineral pro-
cessing and metallurgical operations, and contaminated 
ground water.

BioteQ operates the plant at a mine site in the U.S., 
in joint venture with a large mining firm.

The Sulf-IXTM ion exchange process is a two-stage 
process employing two different resins to remove calcium 
and sulfate ions (Ca2+ and SO4

2-) from water. The resins 
are regenerated using the low-cost reagents, sulfuric acid 
and lime, so that the only products of the process are 
clean water that can be discharged or re-used, and a solid 
gypsum product that can be used in building products 
and fertilizer production.

The Sulf-IX process is particularly suited for the 
removal of sulfate from lime plant effluent but is ap-
plicable for the treatment of any process stream or 
wastewater high in total dissolved solids (TDS) and 
Ca/Mg hardness. The complete process cycle includes 
resin loading, regeneration and rinsing. Feed water is 
first passed through a series of contactors containing 
cation exchange resin to remove primarily calcium and 
magnesium by loading the cations onto the resin, and 
then through contactors containing anion exchange 
resin to remove sulfate.

Operations 
At the Raglan Mine,  located in northern Quebec, 

where the harsh climate limits the period of water treat-
ment to only five to six months of the year, oxidation of 
residual sulfide minerals in openpits and waste rock piles 
results in the contamination of drainage at the site. The 
water has a neutral pH, but contains elevated acidity 
levels in the form of dissolved nickel and must be treated 
before it is discharged to local receiving waters. Prior to 
construction of the BioteQ plant, water was treated in a 

low-density sludge lime treatment plant.
The plant was constructed in 2003 and has been 

operational since 2004. Recent design changes have in-
creased the capacity of the plant to 240 m3/hour (8,475 
cu ft/hour), double the original design capacity. In 2007, 
BioteQ treated 920,000 m3 (32.5 million cu ft) of water. 
The plant recovers nickel from the contaminated water 
to produce a high-grade concentrate that is transported 
with the Raglan production concentrate for refining off 
site. The effluent from the BioteQ plant can be discharged 
directly to the environment. The BioteQ treatment plant 
has replaced a lime treatment plant.

BioteQ provided all capital and commissioning costs 
of the plant, totaling $1.8 million, and charges Xstrata 
a monthly capital fee of $31,800 as well as an ongo-
ing treatment fee of $1.12/m3 of water treated. Xstrata 
guarantees an average water volume for treatment each 
year of 530,000 m3 (18.7 million cu ft) and a minimum of 
350,000 m3/a (12.4 million cu ft/year). Current mine life 
is estimated at more than 30 years.

In April 2008, BioteQ commissioned its water treat-
ment plant at the Dexing Mine in China, in a 50/50 joint 
venture with Jiangxi Copper Company Ltd., China’s 
largest copper mining company. The Dexing plant is 
the first of six projects identified in the joint venture 
agreement signed in 2006 between BioteQ and Jiangxi 
Copper Co. The plant removes copper using BioteQ’s 
ChemSulphide process. The project partners share 
equally in the capital and operating costs, as well as 
revenues from copper recovered. BioteQ manages the 
plant operations.

The Dexing copper mine, located near Dexing City 
in Jiangxi province, China, currently produces 120 kt/a 
(132,000 stpy) of copper concentrate from flotation 
concentrate and also operates a heap leach using solvent 
extraction-electrowinning (SX-EW) to produce copper 
cathode from low-grade stockpiles. Daily production 
at the mine is 100 kt (110,000 st) of ore and the current 
resource provides 50 years of operation at current pro-
duction rates. Mine drainage from waste dumps and low 
grade stockpiles is acidic and contains copper.

In its first six months of operations, the plant treated 
more than 3 billion L (792 million gal) of water and 
recovered more than 317 t (700,000 lbs) of copper. The 
copper concentrate is shipped to Jiangxi Copper Co.’s 
refinery at Guixi City. The volume of water treated is 
expected to gradually increase during the next several 
years, as additional water becomes available at the site. 
The plant has been designed to recover up to 1.6 kt (3.6 
million lbs) of copper annually, when operating at full 
capacity.

The Dexing water treatment plant won the 2008 
China Mining Environmental Protection Award, rec-
ognizing BioteQ’s sustainable technology and Jiangxi 
Copper Co.’s leadership in protecting and preserving 
the environment.

In the treatment of industrial waste water, BioteQ 
has been named one of Canada’s Top 50 Most Socially 
Responsible Corporations in the 2009 Jantzi-Maclean’s 
Corporate Social Responsibility Report. BioteQ has 
been recognized for its role in helping resource compa-
nies around the world to convert contaminated industrial 
wastewater from an environmental liability into a useful 
resource. n

the Wellington oro water treatment plant was commis-
sioned in 2008 in breckenridge, co.


