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ON THE COVER - 75e¢ Ekati Diamond Mine’s remote location comes with many challenges,
including limiting timeframes for transporting waste materials from the site to a treatment

facility, and the high costs of transporting these materials. In response to these costs, the Ekati mine

management undertook a project to treat contaminated materials in a self-contained, on-site area.
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MESSAGE FROM THE EDITOR

KEN JOHNSON

s | stated last year, the Arctic is certainly used to
change, but 2020 was a milestone year that pre-
sented changing circumstances that remain with us
today. The current edition (2021) is the 17th edition
of the Journal, which has maintained its importance to the NT-
WWA throughout the past 17 years and gained a new impor-
tance for communication with, and a deliverable for associa-
tion members with the cancellation of the NTWWA Annual
Conferences over the past two years. The theme for the 2021
issue of the Journal is remediation, with articles on six reme-
diation related projects in the Arctic. Along with the themed
articles, there are articles on sewer COVID testing in the NWT
and water emergency planning. The current water emergency

Do Einicgn Divers

MARINE $ CONTRACTORS

situation in Iqaluit has brought to light the critical nature of
water emergency planning and the unique responses necessary
under Arctic conditions.

I would like to thank Pearl Benyk once again this year for
her editorial and plain language review of the Journal articles
— this is icing on the cake for my editorial activity of bringing
the Journal to press.

If any readers have any questions or comments
on the Journal do not hesitate to contact me at EXP
(ken.johnson@exp.com or 780.094.9085 [voice or text]). Stay
well in the coming year, and with some luck and some good
public heath management, | hope to see you in Yellowknife in
the fall of 2022. &
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HYDROCARBON CLEANUP AT THE
EKATI MINE SITE USING BACTERIA

Edited from an article by Robert Lacey, Delta Remediation, and Kurtis Trefry, Dominion Diamonds

he Ekati Diamond Mine is lo-
cated near Lac de Gras in the
Northwest Territories, approx-
imately 300 kilometres north
of Yellowknife. The mine is only acces-
sible by air, except for the brief period of
winter road operation. This remote loca-
tion comes with many challenges, includ-
ing limited timeframes for transporting
waste materials from the site to a treat-
ment facility, along with the high costs of
transporting these materials.

In response to these costs, the Ekati
mine management decided to under-
take a project which would treat con-
taminated materials in a self-contained,
on-site area. Since Ekati has high environ-

mental standards to meet, all spills and

contaminated materials must be treated.
Ekati looked for innovative, alternative
solutions which could be done on site
and become part of the mine’s operating
practices.

Ekati decided to clean hydrocarbon-
contaminated soil by using microbiology,
which would make use of bacteria to
consume (metabolize) the hydrocarbons.
This method would be cost-effective and
result in soil that meets the appropriate
regulatory criteria (Canadian Council of
Ministers of the Environment [CCME]
Agricultural Guidelines).

The effectiveness of bacteria at con-
suming hydrocarbons has been proven
in the cleanup of thousands of contami-

nated sites under a variety of conditions.

However, typically these sites have been
located in warmer temperatures than
those at Ekati Arctic environment, and
these warmer temperatures result in
faster cleanup of the hydrocarbon-con-
taminated soils. Also, it has been shown
that soils that have moisture in the range
of 10 to 20 per cent have healthier com-
munities of bacteria that consume the
hydrocarbons quicker, which are gener-
ally conditions not encountered in the
cold and dry Arctic climate.

The formal name for using bacteria
to clean up soil is called “land farming”,
and Ekati set out to determine whether
this method would be effective with the
cold temperatures, the extreme changes

in daylight over the course of the year,
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and the dry climate conditions. The ini-
tial phase of the project was completed
in June 2018 using 1,400 cubic metres of
hydrocarbon-contaminated soil. The
project made use of a “designer” bacteria
contained in a product called Biologix,
which is a blend of bacteria with a supe-
rior ability to consume hydrocarbons and
other chemicals.

Biologix was added to the landfarm soil
and evaluated to determine if it was ap-
propriate for the conditions at the mine
site (cold temperatures, hours of daylight,
and moisture content of the soil). The
evaluation was completed by testing the
number of hydrocarbons in the soil be-
fore and after the bacteria were added to
the landfarm. The landfarm also requires
the occasion aeration by excavating the
pile to hasten the transfer of oxygen into
the landfarm soil.

The hydrocarbon-consuming bacte-
ria also need nitrogen and phosphorous
nutrients to complete the job, and it was
found that the contaminated soil at Ekati
did not contain enough nutrients to sup-
port the Biologix bacteria. Therefore, in
addition to the bacteria, nitrogen and
phosphorous were added to the soil to
provide the bacteria with all the neces-
sary ingredients to thrive and consume
the hydrocarbons.

By September 2019, the 1,400 cubic
metres of contaminated soil that was
treated by the bacteria and clean enough
to meet the regulatory criteria. This

proved that it was not necessary to haul
the contaminated soil to a treatment
facility in Yellowknife. Another hydro-
carbon cleanup project was initiated at
the land farm for 1,000 cubic metres of
contaminated soil that will ultimately be
used as a cap on the landfill site when it
reaches capacity.

The project has successfully proven

that using bacteria to clean up hydro-

"Aerating the landfarm soil at Ekati.

carbon-contaminated soils can be effec-
tive in the Canadian Arctic. This method
reduces the costs and greenhouse gas
emissions associated with screening,
bagging, and hauling hydrocarbon-con-
taminated soils to Yellowknife for clean-
up. Using the Biologix process resulted in
a savings of $200 per cubic metre of soil
over hauling it to Yellowknife for treat-

ment. &
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TUNDRA MINE
REMEDIATION PROJECT

By John Mackenzie, AECOM

he Tundra Mine site is located

approximately 240  kilome-

tres northeast of Yellowknife,

NWT, on the east side of Mat-

thews Lake, and ultimately discharges

into the east arm of Great Slave Lake.

The site is remote and lies within the

Akaitcho Territory, the Wek'eeshii and

Monwhi Goga De Nittaee areas of the

Tlicho Land Claim Agreement and North
Slave Métis traditional lands.

Tundra Mine, owned by Royal Gold,

was operated as an underground gold
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Thawing frozen water lines, sewer lines,
valve and load lines and culverts.

mine from 1964 until 1968 and supported
operations at the nearby Salmita Mine
from 1983 to 1987. During its lifetime,
Tundra Mine produced some 3,250 kg
(104,480 troy ounces) of gold. In 1987,
the mine was permanently closed, and
in 1999, it reverted to the Crown when
the mine’s owner went into receivership.
Crown-Indigenous Relations and North-
ern Affairs Canada (CIRNAC) is currently
the custodian of the site.

The Canadian government is respon-
sible for numerous orphan mine sites

SEE THE VIDEO AT WWW.ARCTICBLASTER.COM
ITJUST MIGHT BE THE BESTTOOL YOU'LL BUY THIS YEAR™!

<

Tundra Mine features of site cleanup.

across the Arctic. Historically, mining
operations were started with no closure
plan in place or funding set aside for site
remediation and reclamation when min-
ing stopped. As in many cases, as the
profitability of the mines decreased, the
owners declared bankruptcy and aban-
doned the mine, along with all the as-
sociated contamination, equipment, and
buildings.

After the site became the responsi-
bility of CIRNAC, it was assessed, and
a plan was made for the cleanup. The
initial phase of the cleanup was started
over a decade ago, with tailings and hy-
drocarbon contamination remediation
work completed in the initial phase. Dur-
ing this phase of the project, it was found
that two tailings ponds on the site were
reaching precariously high levels and the
dams were at risk of failing. This failure
would result in the release of millions
of litres of arsenic-contaminated water,
as well as tailings that could potentially
contaminate the surrounding watershed
for hundreds of kilometres.

This critical situation meant it was
urgent to reduce the volume of arse-
nic-contaminated water in the tailings
ponds to reduce the risk of dam failure
to manageable and acceptable levels. At
this point, 100,000 cubic metres of tail-
ings water was treated so that the con-
taminant levels were reduced to well
below acceptable background levels in
the discharge streams. At the same time,
this activity eliminated the risk of a dam
failure and a discharge of contaminated
water into the environment (See article
titled “Tundra Mine Emergency Treat-
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ment Challenge” in the 2010 NTWWA
Journal).

During this phase, work was also done
on the tailings area, which originally in-
cluded two tailings ponds. In total, over
10,000 cubic metres of hydrocarbon
contaminated soils were collected from
the two tailings ponds, in addition to de-
bris and waste rock which could poten-
tially acidify rain and snow melt water.
These soils were moved into a central
tailings area, which was covered with lay-
ers of geomembrane and covered with
gravel and sand to protect the liner and
control erosion. Placing all the tailings
and other contaminated materials into
the one tailings area will reduce the po-
tential for surface water to become con-
taminated, thereby keeping “clean water
clean”. Consolidating the materials into
one place also limits the actual footprint
where contaminated materials still ex-
ist on site. Later, the tailings ponds were
covered with erosion protection materi-
al, and they continue to serve as drainage
and flow-through areas for clean surface
water.

An important part of the design of the
new consolidated tailings area was the in-
stallation, through the cover material and

tailings, of ground temperature sensors
and instruments to measure the under-
ground water pressure. These monitoring
instruments were placed in several loca-
tions so the information collected from
them would give a good representation
of the conditions, in various places and
at various depths, of the area holding
the tailings. The data collected by these
instruments can be recorded at daily or
hourly intervals so the conditions of the
ground, tailings and ground water can be
assessed throughout the seasons.

When the mine was established in the
1960s, the natural drainage path between
Mill Pond and Hambone Lake was cut
off. Restoring this drainage path, which
was done during the latter part of the
project, added tremendous value for the
natural environment and First Nations’
stakeholders.

When the remedial work was com-
pleted in 2018, the Tundra Mine reme-
diation project shifted to a management
phase, during which monitoring, and as-
sessments will determine whether the
remediation works will withstand the
environmental conditions at this site and
are performing as expected. This deter-
mination will include assessment of both

FM 01548 EMS 583748

CSA Z245.30 compliant

the remedial work done and the environ-
ment downstream from this area.

The accomplishments in each phase
of this remediation project at the Tundra
Mine site resulted in significant improve-
ments to the site and the surrounding
environment. Removing and disposing
of hazardous materials off site, as well
as the demolition and on-site landfilling
of non-hazardous materials and derelict
buildings, was a necessary and critical
first task to ensure safe work conditions
for the public and for following phases
of the work.

With the completion of the Tundra
Mine remediation project, the immedi-
ate risks to the public have been elimi-
nated and the environment is protected
in a manner consistent with the Water Li-
cence and Land Use Permit. The design of
the project deliberately considered the
low maintenance of the entire site in the
future, along with the appropriate level
of monitoring for the low maintenance
framework.

The Tundra Mine Remediation project
was an award-winning submission to the
Consulting Engineers of Alberta at the
2019 Showcase Awards. é
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SOIL MICROBES
CLEAN UP OLD
CROW FUEL SPILL

Edited from an article by Steven Mamet and
Steven Siciliano, University of Saskatchewan

DLl riglused forsitelussessment 0ROl Grovghydrocrbonk pill

ld Crow, Yukon, is a com-

munity accessible year-

round only by air. Without

an all-weather road, con-
struction costs are very high and access
logistics are complicated. When unex-
pected events like hydrocarbon spills
occur, the logistical challenges are many
and the costs high, not only for assess-
ment of the spill, but also for the cleanup
of the spill.

Old Crow is also in an area with com-
plicated geology, including continuous
permafrost and associated issues within
the active layer. There are no land farms
for soil remediation (bioremediation) in
the community or nearby. The cold cli-
mate limits the biological activity of bac-
teria activity needed for land farming,
and there are various legal requirements
regarding land farms in the community.

Microbes will work for food

These various constraints in the com-
munity made it necessary to find new
and innovative remediation methods to
use at sites needing cleanup (referred to
as in situ bioremediation). In situ biore-
mediation uses bacteria already in the lo-
cal ground to treat the hydrocarbon con-
taminants in the soil and groundwater.
The local bacteria can be used to treat
hydrocarbons in the process of their bio-
logical activity because they can adapt
to consuming hydrocarbons to obtain
the energy to grow and reproduce.

The bacteria get energy from the hy-
drocarbons by using oxygen to break
down chemical bonds in the hydrocar-
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Rather than taking microbes out of the soil in

Old Crow and testing them in a laboratory, a

different process was used.

bons. The bacteria “invest” this energy
and the carbon from the spill to pro-
duce more cells. This process of breaking
down hydrocarbon contaminants with
the help of oxygen is called aerobic res-
piration. In aerobic respiration, some of
the carbon molecules are broken down
to form carbon dioxide and the rest of
the carbon is used to produce new cells.

One of the challenges with in-situ bio-
remediation is that the available oxygen
is often quickly used up, and additional
oxygen must be added. Fortunately,
there are many bacteria that don’t need
oxygen to break down hydrocarbons.
These microorganisms need nutrients
like nitrate, sulfate, and use iron instead
of oxygen to break down the hydro-
gens. Groundwater can provide these
nutrients, but unfortunately, most of
the hydrocarbons in a spill sit above the
groundwater in the soil. Hydrocarbon
breakdown under these circumstances
can take much longer to complete.

Part of the solution to this problem is
to provide the necessary conditions for
the local microorganisms to consume
the hydrocarbons. This selection of the
right combination of biochemical condi-
tions for the bacteria living in the perma-
frost soils of Old Crow required some
study.

Bio-stimulating northern
microbes and tracking their
metabolic activity

Rather than taking microbes out of the
soil in Old Crow and testing them in a
laboratory, a different process was used.
Radioactive substances known has radio-
tracers were used to measure changes in
the biological activity (biostimulation)
of the microorganisms in samples of soil
taken from the location of the contami-

nation. These changes were encouraged
by the number of hydrocarbons that
were available.

How well did bio-stimulation
work?
Measurements revealed that small
amounts of nutrients added to the con-
taminated soil tripled the rate at which
the hydrocarbons were broken down
compared to the rate in the soil to which
nothing had been added. Even with the
short warm season in Old Crow, using
a bio-stimulatory solution can be pre-
dicted to clean up the contaminated site
within one to two years, compared to
the six to 35 years (depending on which

hydrocarbon is present) that would be
required for degradation of the hydro-
carbons to occur naturally, with no help.

For a site the size of a small building
(3,800 cubic metres), this means that bio-
remediating the contaminated soil where
it is, by introducing nutrients for the mi-
croorganisms, would mean more than
eight metric tonnes of contaminated soil
would not have to be added to the land-
fill, and this would prevent the emission
of more that 30 kilotonnes of carbon
dioxide equivalents—as well as reducing
costs by 30 to 70 per cent compared to
solutions in which the contaminated soil
is removed. This led to the opinion that
successful and sustainable bio-stimula-
tion processes, in areas where the local
ground water contains low levels of or-
ganic matter, can be used to remediate
hydrocarbon contaminated soils, with-
out moving the soil, even where the tem-
peratures are low. é
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Giant Mine Remediation project sign.

he history of Yellowknife is in-
trinsically linked to its start as
a mining town. The two most
longstanding and productive
mines, the Con and Giant Mines, were
a result of the original exploration. Both
mines closed underground operations in
the early part of the new millennium, but
both mines have left extraordinary con-
taminant legacies on the shores of Great
Slave Lake.
The rock mined at Giant was rich in
gold and arsenopyrite, a mineral with a

Water conveyance system
at Giant Mine.

GIANT MINE WATER
MANAGEMENT

Update to 2010 NTWWA Journal article entitled
“Giant Mine Water Management System”

high arsenic content. Extracting the gold
from the ore produced by Giant Mine re-
quired a “roasting” process to extract the
gold from the arsenopyrite rock. Arse-
nic trioxide dust was created during the
production of more than seven million
ounces of gold over a 50-year period.
When the ore was roasted to release the
gold, arsenic was also released as a gas.
Much of the arsenic gas escaped into the
air, but as the remainder cooled, it be-
came arsenic trioxide dust.

Pollution-control hardware installed
in the late 1950s prevented most of the
arsenic gas from going up the stack, but
that created a new problem of storage of
the dust. The solution to this storage is-
sue was to make use of the mined out
underground chambers. Over a 50-year
period, 237,000 tonnes of toxic arsenic
trioxide were produced, which is still be-
ing stored to depths of nearly 250 me-
tres (800 feet) below ground in various
chambers.

Arsenic trioxide dust is water soluble
and contains approximately 60 per cent
arsenic. It is therefore critical to maintain
the stored material “high and dry” to en-
sure that arsenic is not released into the
environment. This effort requires that
the ground water level be maintained
below the arsenic trioxide dust storage
level.

The arsenic trioxide at Giant Mine
is stored in 15 underground cham-
bers behind one-metre-thick concrete
bulkheads, constructed after the mine
closed, which act as plugs to the cham-
bers. Permafrost around the chambers
was expected to provide a seal around

the chambers. However, the mining ac-

tivity thawed the permafrost, and water
began seeping into the chambers, be-
coming contaminated with arsenic, with
the potential of leaking into the ground-
water around the mine. In response to
this new issue, the groundwater has been
pumped from the mine to a treatment
facility on the surface since 2008.

Over the years since 2008, the con-
taminated water was temporarily stored
in a decommissioned tailings pond over
the course of a year and during the
summer, the water was pumped into a
water treatment plant. The water treat-
ment plant removes arsenic and other
contaminants. Once treated, water goes
into additional settling ponds for further
treatment before being discharged into
Baker Creek and ultimately into Yellow-
knife Bay.

This original treatment system is ap-
proaching the end of its operating life,
and a plan has been developed to re-
place the water treatment plant and set-
tling ponds as part of a current remedia-
tion phase of the entire Giant Mine site.
Once a new water treatment plant is
completed in the next several years, the
original water treatment plant along with
the settling and polishing ponds will no
longer be needed.

This site water will continue to be col-
lected and processed at a new water
treatment plant when it replaces the ex-
isting water treatment system, with the
target of ensuring the water is drinkable
- containing no more than 10 micrograms
per litres (10 parts per billion). The objec-
tive is for the new water treatment plant
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to reduce arsenic to a concen-
tration well below the “Guide-
lines for Canadian Drinking Wa-
ter Quality”.

The $900-million Giant Mine
Remediation Project is a job of
tremendous scope and com-
plexity, and a 13-year-long con-
sultation process provided the
framework for the remediation
work, which will include moni-
toring for a full century into the
future.

Most of the details of the
cleanup plans have already been
reviewed by stakeholders and
discussed at length during two
technical sessions and a “closure
criteria” workshop.

The current phase of the Gi-
ant Mine Remediation project
began in 2021. é

Profile of Giant Mine water management system.
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