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1.

Introduction and Context

Giant Mine is an inactive gold mine that produced gold from 1948 to 2004 in the City of Yellowknife,
Northwest Territories. A by-product of the mining process was arsenic trioxide, a hazardous and water
soluble compound that is currently stored within man-made chambers and stopes in the underground
mine. The existing Effluent Treatment Plant (ETP) was commissioned in 1981 to manage the
contaminated mine pool water. The mine pool water is treated seasonally between June and September.
Once treated, mine water effluent is discharged to Baker Creek.
In 2005, the Government of the Northwest Territories and the Government of Canada began plans to
remediate, care for and maintain the site. The agreement is to remediate the site according to industry
standards, while protecting the health and safety of the public and the environment. The long-term
remediation and closure plan of the Giant Mine site is to infill the surface ponds currently used to
seasonally store water, decommission the existing water treatment plant and construct a new water
treatment plant (WTP) to treat constituents in the mine water.
At the time of this report, design of the WTP is on-going and process treatment efficacy requires
confirmation. In 2012, a WTP Preliminary Design Report (PDR) was produced for a facility that meets the
Metal and Diamond Mining Effluent Regulations (MDMER). However, an environmental assessment
required more stringent discharge objectives for the WTP, including an objective to produce mine water
effluent with an average arsenic concentration of 10 µg/L (MVEIRB, 2013). Treatment options to meet the
mandated 10 µg-As/L discharge objective were conceptualized, but the unique characteristics of Giant
Mine mine water made the efficacy of the proposed treatment solution uncertain. This report documents
the pilot treatment testing completed to support the use of arsenic removal media to meet the mandated
arsenic discharge criteria.

1.1

Previous Work

Mine water treatment has been reported on in the past. The relevant documents considered during the
production of this report include the following:
1.

AECOM Canada Ltd. (AECOM, 2012). Preliminary Design Report for Giant Mine Water Treatment
Plant. November, 2012. This report provided a plan for the treatment of the water within the Giant
Mine site. However, at the time this report was written, the focus was to produce treated water that
was compliant with the Metal and Diamond Mining Effluent Regulations (MDMER).

2. Makenzie Basin Environmental Impact Review Board (MBWB, 2013). Report of Environmental
Assessment and Reasons for Decision. This report mandated that the WTP effluent arsenic
concentration meets 10 µg/L, significantly more stringent than the MDMER requirement.
3. AECOM Canada Ltd. (AECOM, 2013). Giant Mine Water Disposal – Information Request Response.
March, 2013. The report assessed a variety of options to treat the water on the Giant Mine site to
meet or exceed the more stringent arsenic effluent requirement mandated by the MBWB. This report
concluded that Option 2 (arsenic treatment with adsorption/ion exchange) offered an appropriate
balance of achieving water quality requirements and cost. The recommended option used filtration
and adsorptive media for final treatment.
4. AECOM Canada Ltd. (AECOM, 2013). Giant Mine Water Disposal – Information Request Response,
Further Technical Information for Arsenic Removal. June, 2013. The letter documents that adsorptive
media has been used in other cold weather climates by AECOM for arsenic treatment to achieve
drinking water standards. The recommendation was that pilot testing be completed to confirm the
operating parameters and the efficiency of adsorptive media at the Giant Mine site.
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5. AECOM Canada Ltd. (AECOM, 2014). Giant Mine Effluent Treatment Plant Assessment. January,
2014. The report assessed the ETP and determined the work required to support the continued
operation of the existing facility until the long term treatment plant is constructed. It is assumed that
the existing facility will have served the design life and will be completely replaced once the new WTP
is constructed.
6. Golder Associates Ltd. (AECOM, 2017). Giant Mine Remediation Project, Outfall Location: Mixing
and Water Quality Assessment. March, 2017. The report assessed several different locations for the
discharge of the water from the mine site WTP.
7. AECOM Canada Ltd. (AECOM, 2018). Giant Mine Off-Site Pilot Testing Results Memo. The memo
presented the results from an off-site testing experiment. An open procurement program was used to
source adsorptive media vendors. The vendors completed preliminary testing to demonstrate their
product performed sufficiently. Successful vendors were retained for on-site pilot testing.
8. AECOM Canada Ltd. (AECOM, 2018). Pilot Plant Options Analysis. The report details the need for
pilot testing and outlines the alternative piloting options.
9. AECOM Canada Ltd. (AECOM, 2018). Pilot Testing Plan. This report describes the plan to complete
pilot testing on arsenic removal media and the experimental methodology. The design documents for
the pilot plant are included in this report. The document is included in this report as Appendix A.
10. AECOM Canada Ltd., and Golder Ltd. (2019). Giant Mine Remediation Project, Closure and
Reclamation Plan. The plan is a major outline of the remediation activities planned for the entire
Project. The report is not discipline-specific and includes all the activities planned for remediation.

1.2

Objectives of Testing

The objectives of the pilot test include the following:


If arsenic removal media can be used for simultaneous arsenic and antimony treatment



If treatment can reliably meet the Effluent Quality Criteria (EQC) and the Measure 14 of the
Environmental Assessment (i.e., 0.01 mg-As/L)



The projected material costs of using arsenic removal media



If metal leachability from exhausted arsenic removal media will allow disposal within a nonhazardous landfill

The conclusions provided in this report will inform the design of the WTP and address assumptions made
in the Closure and Reclamation Plan (AECOM & Golder, 2019) Specifically, there is a high level of
concern if Measure 14 of the Environmental Assessment can actually be sustainably achieved given the
various contaminates in the raw water diverted from the mine pool and the arsenic removal efficiency
required. The raw water concentration of arsenic in the mine pool is predicted to vary, but is expected to
be more than 1,000 times greater than the treatment objective. The pilot testing is being completed to
provide demonstrated evidence that a conventional treatment process train followed with arsenic removal
media can sustainably achieve the treated water arsenic concentration goal of less than 0.01 mg-As/L.
An additional key benefit of the pilot testing is operational data to identify potential challenges with the
future full scale facility. The knowledge obtained from the pilot testing program will be utilized in the
design process to improve the treatment facility robustness and reliability.
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2.

Pilot Testing Methodology, Materials, and Equipment

The following sections briefly describe the raw materials, equipment, and experimental methodology
used to complete the pilot testing. Refer to Appendix A for a complete set of process drawings and the
Pilot Testing Plan (AECOM, 2018) for further information on the experimental set up of the pilot plant.

2.1

Methodology

The plan to complete pilot testing was initiated when Measure 14 of the Environmental Assessment
(Makenzie Basin Environmental Impact Review Board, 2012) mandated that treated water quality meets
0.01 mg-As/L. The WTP designed in 2012 (AECOM, 2012) did not have the process capability to meet
the treated water quality objectives of Measure 14. Therefore, an additional step in the treatment plant
was required to further treat arsenic. Several alternative unit processes were proposed as technologically
practical options; however, arsenic removal using specialized arsenic removal media was proposed as
the most financially feasible technological alternative (AECOM, 2018a).
Despite the recommendation to use arsenic removal media to meet Measure 14, there were uncertainties
regarding the functionality of using arsenic removal media. The mine water at Giant Mine is a unique and
not comparable to other typical raw water sources that are treated with arsenic removal media. A
perceived risk was that elevated sulphate and other ion concentrations typically found in the Giant Mine
mine water could compromise an arsenic removal media’s ability to produce compliant treated water
quality. Therefore, piloting was recommended to determine that the mandated treatment objective of
Measure 14 could be achieved (AECOM, 2018a).
Prior to initiating pilot testing, an open procurement process was completed to survey the market for
available arsenic removal medias. An off-site experiment was organized with interested media vendors in
order to confirm that the proposed media products would effectively adsorb arsenic and antimony from
the Giant Mine mine water. Giant Mine Polishing pond water (representative of water quality expected to
be treated with arsenic removal media) was sampled and sent to media vendors whom expressed
interest through the procurement process. The vendors mixed proposed media in an alliquote of
Polishing Pond water for ten minutes and then sampled the water for arsenic and antimony. Media
products capable of adsorbing arsenic and antimony were then considered for on-site pilot testing.
During the off-site testing, AECOM completed the plan for on-site testing (AECOM, 2018c). Although the
off-site testing was completed on Polishing pond water, the on-site testing needed to be completed using
a more representative feed water source similar to the feed water expected to enter the arsenic removal
media at the full scale. Fortunately, the existing ETP utilizes the same chemical treatment process
proposed for the WTP. Therefore, Instead of piloting the chemical treatment process, the pilot plant was
designed to draw chemically treated water from the ETP chemical reaction tanks. The chemically treated
water requires physical solids separation before it can be treated with arsenic removal media, so the pilot
plant was designed to include a pilot-scale clarifier and filter before the arsenic removal process. The
treatment processes, piping requirements, pumping requirements and other construction requirements
were designed and included in the Pilot Treatment Plan in Appendix A. A contractor, Pure Elements, was
hired through the Mine Construction Manager, Parsons to construct the pilot plant designed for on-site
testing. AECOM commissioned the pilot plant onsite when construction was completed.
Similar to construction, the operation and experimental plan for the pilot plant is outlined in the Pilot
Testing Plan in Appendix A. A contractor, Pure Elements was hired through the acting Mine Construction
Manager, Parsons to operate the pilot plant during on-site testing. During operation, the contractor
maintained hourly records of the pilot plant unit processes and completed sampling and delivery of
samples to Taiga Environmental Laboratory. Analytical results and operating data were retained by
AECOM for quality control and reporting purposes.
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2.2

Materials & Test Media (Arsenic Removal Media)

Consumable materials used in the pilot plant include polymer, citric acid, cartridge filters, and the arsenic
removal media. Polymer was used to flocculate the ETP feed water and facilitate the settling of solids in
the clarifier. Citric acid was used to acidify the feed water to a pH suitable for efficient adsorption.
Cartridge filters with 5 µm pore sizes were used to remove residual solids that bypassed the clarifier; the
pore size was selected to be representative of a typical deep bed granular filter planned for the WTP. A
summary of the media products is provided below in Table 2-1:
Table 2-1: Arsenic Removal Media Products
Media Products Tested
Product Name

(Desc.)

Media Product 1

Media Product 2

Media Product 3

Product Type

(Desc.)

Titanium Oxide

Ferric Oxide

Polystyrene w/
Divinylbenzene

Appearance

(Desc.)

White, Sandy

Brown, Sandy

Brown, Beads

Bulk Density

(kg/L)

0.65

0.46 0.57

0.79 – 0.82

Description of
Function

(Desc.)

Titanium oxide media
manufactured for the
adsorption of arsenic.

Iron oxide
manufactured media
designed for the
adsorption arsenic.
Hydroxide ions are
released and targeted
constituents such as
arsenic ions are
adsorbed.

Hybrid ion exchange
resin designed for the
selective removal of
arsenic from water.
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2.3

Equipment

The following sub-sections describe the process equipment used to complete pilot testing.
The general layout of the pilot plant is shown in Error! Not a valid bookmark self-reference.. A 100
millimetre (mm) tank coupling was drilled into the ETP B3 Tank below the operating water level.
Chemically treated ETP process water flowed by gravity from the ETP chemical reaction tanks and into
the clarifier tank through approximately 50 metre (m) of 100 mm PVC that was sloped by 2% to facilitate
gravity flow. Solids settle in the clarifier tank and clarified water is pumped from the supernatant of the
clarifier and into the cartridge filters using a rotary vane pump. A flowmeter is set to flow-pace citric acid
into the filtered water for pH adjustment. The filtered water then discharges into equalization tanks, or
“pH Tanks”. The equalization tanks are operated in batches so that the process water can be assessed
for pH and turbidity before being pumped to the arsenic removal contactors. Once water quality is
confirmed, water is pumped from the storage tanks and into the arsenic removal contactors using a rotary
vane pump. Effluent from the contactors is discharged into a sump and pumped back to the headworks
of the ETP chemical reaction tanks.

Figure 2-1: Pilot Plant Layout
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2.3.1

Clarifier

Clarification was completed in a high-density polyethylene tank. An diaphragm inlet valve was utilized to
control the flow entering the clarifier. The target inlet flow was always slightly higher than the pumped
outlet flow so that an overflow would be surcharged. The overflow ensured that the pump would not draw
air. Clarified water was decanted from the top of the tank and pumped through the cartridge filters. A
drain valve and submersible pump were used to drain sludge that accumulated at the bottom of the tank.
A peristaltic pump was used to dose polymer into the feed piping of the clarifier tank. The feed line from
the ETP to the Clarifier, the Clarifier inlet piping, and the Clarifier outlet piping are shown in Figure 2-2.

Figure 2-2: Clarifer Photographs
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2.3.2

Filtration

Cartridge filters were used to remove residual solids from the clarified water. A 5 µm pore size was
utilized for the cartridge filters to target a particle size removal typical of a deep bed granular filter planned
for the WTP. Two filters in series were used, the second cartridge filter was added as protection against
solids breakthrough from the first filter. Pressure gauges allowed for observation of the differential
pressure and assessment of the filter life. Turbidity was monitored on the filtered water to confirm solids
were not entering the adsorption process. A variable speed rotary vane pump pressurized the filters. The
filter bank, pump, and pump controlled are shown below in Figure 2-3.

Figure 2-3: Filtration Photographs
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2.3.3

Chemical Dosing –pH Adjustment

For all three medias tested, adsorption performance is expected to be more efficient at lower than neutral
pH ranges (approximately 4.5 - 6.5). Therefore, the pH of the alkaline process water was adjusted prior
to adsorption. Citric acid was dosed to target a pH of 6.5 to 7 so that the effluent from the adsorption
process would satisfy the minimum EQC pH requirement of 6.5 while still optimizing the performance of
the arsenic removal media. Citric acid was flow paced using a peristaltic pump and a digital flowmeter.
The pH of the dosed water was manually checked every hour to confirm flow pacing was operating
correctly and the pH of the water was not being compromised. The pH-adjusted water is stored in large
equalization tanks. The citric acid day tank, dosing pump, and flowmeter used for flow-pacing are shown
below below in Figure 2-4.

Figure 2-4: pH Adjustment Photographs
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2.3.4

Arsenic Removal Contactor

Lead-lag configuration allows the full capacity of an adsorption media to be utilized. The lead-lag
configuration employs two contactors in series, the duty contactor in the lead position acts as the main
treatment vessel while the lag contactor acts as the polishing unit. In a single-column configuration, the
media is swapped out at breakthrough, which is defined as the period where constituents in the treated
water no longer meet water quality objectives. However, media still contains adsorption capacity after
breakthrough. When the water quality entering the arsenic removal contactor is identical to the discharge
water quality, the full capacity of the media is realized and the media is said to be exhausted. To minimize
long term consumption costs, the WTP will be configured to fully exhaust the arsenic removal media.
Therefore, the pilot is also configured to exhaust each media bed, meaning that the pilot assembly has
been configured with a lead-lag configuration.
Figure 2-5 illustrates the arsenic removal media process and sampling locations for water quality and
flow analysis. Water quality samples are taken on the feed water, lead-column effluent, and lag-column
effluent to assess the arsenic and antimony treatment performance of the media. Rotameters monitor
treated water production in order to assess the treated water production per unit of media, which can be
used to project operating costs.

= Water Quality Sample

Leed Column 1

Lag Column 1

Leed Column 2

Lag Column 2

Lead Column 3

Lag Column 3

= Flow & Water Quality Sample

Clarified, Filtered,
and Neutralized
Feed Water

Figure 2-5: Basic Pilot Study Flow Diagram
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Water was pumped into each of the arsenic removal contactors using a rotary vane pump and a common
header. The water quality entering each of the different media trains was identical and evenly distributed
through the duration of the piloting. Rotameters and inlet vales were used to manually modulate flow into
each adsorption column. The flow was monitored hourly and adjusted to the target set-point as needed.
Media was loaded into the 100 mm clear acrylic pipe to a depth of approximately 0.5 m. Three different
medias were tested in the adsorption columns, each in lead-lag configuration. Figure 2-6 shows a
picture of the arsenic removal contactors.

Figure 2-6: Photograph of the Arsenic Removal Contactors
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3.

Experimental Results

The experimental results from the pilot testing are discussed in the following sections. The results include
treated water quality, media antimony adsorption capacity, and metal leachability from exhausted media.
The objectives of the pilot testing are to confirm the following:
1.

The arsenic removal media can be used to reliably meet the Effluent Quality Criteria (EQC).

2.

Which media is most cost effective for treatment of Giant Mine process water.

3.

The exhausted media can be safely disposed in a non-hazardous waste landfill.

The sequence of pilot testing operational events includes the following:


August 9 - pilot plant is commissioned.



August 12 - the cartridge filter is over-loaded and suspended arsenic contaminated the arsenic
removal media.



August 19 - new media beds are installed and a second pilot run begins.



August 19 - the adsorption column header is over pressurized and a by-pass line burst. The second
pilot run is paused as repairs are made.



August 22 - Pilot operation is resumed after repairs are made.



August 29 - September 14: Clarifier performance reduces and causes excess suspended solids to
load the cartridge filters. The pilot is intermittently turned off while the clarifier performance is
addressed.



October 5 - The ETP is shut down and feed water quality changes.



November 9 - Media Product 1 is backwashed to relieve pressure.



November 15 - Last sample is taken and pilot is shut off.



November 17 - Decommissioning is completed.

With the exception of the backwashing completed on November 9, all operational events affected each
media product. Backwashing can cause new flowpaths in the media bed and expose fresh media; it is
standard operating procedure to backwash a media bed as it approaches exhaustion and prior to
disposal. Unfortunately, there was insufficient piloting time to approach exhaustion and complete this
step. Only one arsenic removal media was backwashed during the testing period, therefore a
comparative assessment of the arsenic removal media will be biased toward the arsenic removal media
that was backwashed. As discussed in Section 3.3, the antimony adsorption capacity was conservatively
selected prior to the backwash step to avoid comparative bias.
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3.1

Raw Water Quality

The pilot operated from August 22nd, 2018 to November 15, 2018. During this time, the raw water quality
entering the ETP had higher arsenic concentration, but was otherwise typical of the Akaitcho dataset. A
summary of the feed water quality to the ETP during pilot testing is provided in Table 3-1 below.
Table 3-1: Mine Water Quality during Pilot Testing
EQC
Parameter

Unit

pH

-

Total Suspended Solids

mg/L

Total Ammonia

Average

Water Quality at SNP 43-21 during Piloting
Grab

6.5 to 8.0

Median

95th Percentile

Sample
Population

8.01

8.14

13

15

30

2.9

5.64

13

mg-N/L

-

-

0.22

0.95

13

Un-ionized Ammonia

mg-N/L

0.5

1.0

0.03

0.04

13

Total Antimony

mg/L

0.2

0.3

0.82

0.88

13

Total Arsenic

mg/L

0.01

0.02

44.4

75.6

13

Total Copper

mg/L

0.024

0.033

< 0.005

-

13

Total Lead

mg/L

0.003

0.008

0.0006

0.0007185

13

Total Nickel

mg/L

0.1

0.15

0.0298

0.0362

13

Total Zinc

mg/L

0.08

0.16

0.042

0.0501

3

Radium-226

Bq/l

0.37

1.11

n.m.

n.m.

-

Cyanide

mg/L

0.5

1

0.0098

0.01404

13

Total Petroleum Hydrocarbons

mg/L

3

5

n.m.

n.m.

-

The pilot feed water was taken from the ETP effluent. The ETP treats mine water using a coagulation
process and is considered representative of the planned WTP process water. However, the ETP uses
sedimentation ponds to separate coagulated solids from the process water. This is a considerable
distinction from the planned mechanical solids separation processes planned for the WTP. Therefore,
instead of drawing water from the settling ponds, pilot feed water obtained from the ETP chemical
reaction tank and solids were removed from the feed water using a pilot-scale clarification and filtration
processes. Furthermore, after solids separation, the feed water was acidified using citric acid to enhance
the performance of the arsenic removal media. The feed water characteristics being fed into the arsenic
removal contactors is presented below in Table 3-2. The arsenic and antimony concentration in the
contactor feed water exceeds the EQC. From the feed water characterization, it is clear the total arsenic
and total antimony are not meeting the EQC and require further treatment.
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Table 3-2: Influent Water Quality Entering the Arsenic Removal Contactors
Unit

EQC
Average
Grab

Median

pH

pH units

6.5 to 8.0

7.2

7.7

65

Total Suspended Solids

mg/L

15

30

4.0

6.5

30

Un-ionized Ammonia

mg-N/L

0.5

1.0

0.001

0.006

30

Total Antimony

mg/L

0.2

0.3

0.283

0.385

65

Total Arsenic

mg/L

0.01

0.02

0.255

0.596

65

Total Copper

mg/L

0.024

0.033

0.002

0.006

30

Total Lead

mg/L

0.003

0.008

0.000

0.166

30

Total Nickel

mg/L

0.1

0.15

0.02

0.02

30

Total Zinc

mg/L

0.08

0.16

0.003

0.007

30

Radium-226

Bq/L

0.37

1.11

n.m.

-

0

Cyanide

mg/L

0.5

1

<0.005

-

30

Total Petroleum Hydrocarbons

mg/L

3

5

n.m.

-

0

Parameter

3.2

Feed Water Quality
95th
Sample Count
Percentile

Treated Water Quality

The treated water quality produced from the arsenic removal contactors is presented in Table 3-3. It
should be noted that the treated water quality presented is sampled from the lag column, therefore, the
sampled water has passed through the lead and lag column. Refer to Figure 2 for an illustration of the
sampling point. This distinction is important to note because later in the report water quality samples from
the lead column effluent are used to track exhaustion and adsorption capacity of the respective media.
Treated water quality was sampled throughout the duration of the piloting period, however, throughout the
pilot test, two of the lag column contactors showed evidence of antimony or arsenic breakthrough. Only
water quality samples obtained prior to lag column breakthrough are incorporated into Table 3-3. The
larger the sample population, the longer the respective media lasted before contaminant breakthrough.
The treated water quality results and comparison to the EQC, all three media products can produce a
treated water quality that meets the EQC.
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Table 3-3: Treated Water Quality

Parameter
pH
Total Suspended Solids

Unit

Effluent Quality
Criteria
Maximum Maximum
Average
Grab

-

6.5-8.0

Media Product 1

Media Product 2

Media Product 3

Average

Max

Count

Average

Max

Count

Average

Max

Count

7.2

7.4

44

7.3

7.8

64

7.3

7.6

29

mg/L

15

30

3.7

8.0

21

4.0

20.0

29

4.2

12.0

12

mg-N/L

0.5

1

0.0002

0.0007

21

0.0006

0.0013

29

0.0002

0.0005

12

Total Antimony

mg/L

0.2

0.3

0.008

0.144

44

0.078

0.173

64

0.179

0.298

29

Total Arsenic

mg/L

0.01

0.02

0.004

0.016

44

0.003

0.017

64

0.004

0.013

29

Total Copper

mg/L

0.024

0.033

0.0023

0.0119

21

0.0029

0.0235

29

0.0004

0.0005

12

Total Lead

mg/L

0.003

0.008

0.001

0.0071

21

0.0024

0.043

29

0.0001

0.0001

12

Total Nickel

mg/L

0.1

0.15

0.011

0.023

21

0.006

0.016

29

0.005

0.008

12

Total Zinc

mg/L

0.08

0.16

0.002

0.0187

21

0.0074

0.057

29

0.0004

0.0009

12

Radium-226

Bq/L

0.37

1.11

n.m.

n.m.

n.m.

n.m.

n.m.

n.m.

n.m.

n.m.

n.m.

Cyanide

mg/L

0.5

1

0.004

0.005

21

0.005

0.005

29

0.005

0.005

12

Total Petroleum
Hydrocarbons

mg/L

3

5

n.m.

n.m.

n.m.

n.m.

n.m.

n.m.

n.m.

n.m.

n.m.

Unionized Ammonia
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3.3

Adsorption Capacity

Based on the current ETP treatment efficiency, arsenic and antimony will both require treatment with
arsenic removal media to meet EQC. However, antimony is only slightly above the EQC (see
Figure 3-1a). Improvements in precipitation treatment may allow antimony to be compliant with the EQC
without the use of arsenic removal media. In this case, only arsenic would requires treatment by the
arsenic removal media.
To be conservative, during pilot testing both arsenic and antimony were monitored and reported relative to
the EQC requirements. The influent and effluent arsenic and antimony water quality are plotted on
Figure 3-1. The time series in Figure 3-1 has been converted to an adsorption capacity trend shown in
Figure 3-2. Effluent data plotted in Figure 3-1 and Figure 3-2 represent water quality from the lead
column. Refer to Figure 2 for an illustration of the lead column sample location. Dissolved arsenic
began to break through the Media Product 1 first, followed by Media Product 3, and then Media Product
2. Despite experiencing initial arsenic breakthrough, none of the media products were exhausted for
arsenic due to time restrictions with the pilot. Therefore, the arsenic adsorption capacity of each media
based on processing Giant Mine water has not been determined. The arsenic adsorption capacity is
required to improve the accuracy of the operating cost estimate of the arsenic removal media.
Dissolved antimony began to break through Media Product 3 first, followed by Media Product 2, and then
Media Product 1. Media Product 2 and Media Product 3 were run to exhaustion for antimony. Media
Product 1 was nearly exhausted near the end of the pilot test; however, antimony exhaustion was not
completely achieved. For the purposes of comparison, antimony exhaustion for Media Product 1 is
interpreted as the date where the antimony concentration exiting the lead column reached the highest
concentration, November 7, 2018. For Media Product 2 and Media Product 3, exhaustion occurred when
the antimony concentration reached or exceeded the influent antimony concentration.
During further advancement of the design improved antimony precipitation and removal through
clarification and filtration to achieve compliance with the EQC is the recommended approach. It will
simplify the design. This will allow the arsenic removal media to focus on arsenic removal only. It will
simplify the design and reduce the expected operating cost by extending the life of the media.
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a)
0.5

Dissolved Arsenic (mg/L)

0.4

0.3

0.2

Grab EQC
0.1

Average EQC

0

b) 0.45

Dissolved Antimony (mg/L)

0.4

Grab EQC

0.35
0.3
0.25
0.2
0.15

Average EQC

0.1
0.05
0
8/21

8/31

9/10

Media Product 1

9/20

9/30

Media Product 2
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10/30

Media Product 3

11/9
Influent

Figure 3-1: a) Dissolved Arsenic and b) Dissolved Antimony Concentration Time-Series

Prepared for: Public Services and Procurement Canada
318-ETP Pilot-19-RPT-0002-Rev0_20190812 (testing summary).docx

AECOM
16

Giant Mine Remediation Project
Pilot Treatment Plant - Testing Summary

a)

1.8

Arsenic Adsorption Capacity
(g-As/L-media)

1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

b)

0.0
2.0

Antimony Adsorption Capacity
(g-Sb/L-media)

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
8/21

8/31
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9/20

9/30
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10/20

10/30

11/9
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Figure 3-2: a) Dissolved Arsenic and b) Dissolved Antimony Adsorption Capacity
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3.4

Metal Leachability

A critical design assumption for the remediation project is that exhausted media can be safely disposed of
in a non-hazardous waste landfill. The key concern is confirmation that the exhausted media can be
classified as a non-hazardous waste material. To determine if the media is non-hazardous, a toxicity
characteristic leaching procedure (TCLP, SW-846 EPA test method 1311) was completed on the partially
exhausted media from the pilot test.
The waste material is submerged in a synthetic acidic solution meant to simulate the characteristics of a
landfill leachate. The waste and synthetic leachate are continuously mixed for a period of 20 hours. After
mixing, the synthetic leachate is tested for metals. In the Northwest Territories, guidelines and regulations
are in place that regulate the concentration of allowable metal leaching for hazardous waste classification.
The results from the TCLP test and regulation criteria are presented in Table 3-4. All three exhausted
media products passed the TCLP and are classified as non-hazardous waste.
Table 3-4: TCLP Results
Analyte

Units

BC Hazardous
Waste
Regulation
(2017)

Guideline for
Hazardous Waste
Management
(NWT; 2017)

Media
Product 1

Media
Product 3

Media
Product 2

Antimony

mg/L

-

0.6

0.026

0.076

0.0915

Arsenic

mg/L

2.5

2.5

0.355

0.211

0.102

Barium

mg/L

100

100

<1.0

<1.0

<1.0

Beryllium

mg/L

-

5

<0.050

<0.050

<0.050

Boron

mg/L

-

500

<0.50

<0.50

<0.50

Cadmium

mg/L

0.5

0.5

<0.001

0.001

<0.001

Chromium

mg/L

5

5

<0.050

<0.050

<0.050

Cobalt

mg/L

-

100

0.24

0.105

0.05

Copper

mg/L

100

100

<0.10

<0.10

<0.10

Iron

mg/L

-

-

<1.0

<1.0

2

Lead

mg/L

5

5

<0.010

<0.010

<0.010

Mercury

mg/L

0.1

0.1

<0.002

<0.002

<0.002

Nickel

mg/L

-

-

0.21

0.235

0.2

Selenium

mg/L

1

1

<0.020

<0.020

<0.020

Silver

mg/L

5

5

<0.002

<0.002

<0.002

Thallium

mg/L

-

-

<0.010

<0.010

<0.010

Uranium

mg/L

10

2

<0.020

<0.020

<0.020

Vanadium

mg/L

-

-

<0.050

<0.050

<0.050

Zinc

mg/L

500

500

<0.50

<0.50

<0.50

Zirconium

mg/L

-

-

<0.050

<0.050

<0.050

Extraction
4.94
4.94
4.94
Fluid pH
Final
5.215
4.95
5.02
Extract pH
Notes:
1: Data represents average of two samples, no significant deviation was observed between sample replications
Prepared for: Public Services and Procurement Canada
318-ETP Pilot-19-RPT-0002-Rev0_20190812 (testing summary).docx

AECOM
18

Giant Mine Remediation Project
Pilot Treatment Plant - Testing Summary

4.

Conclusions and Recommendations

As described within previous sections of this report, a pilot test was completed in 2018 to demonstrate
treatment of mine water using arsenic removal media. The pilot tested three media products installed
downstream of a simulated version of the planned WTP. The simulated version of the WTP consisted of
the ETP chemical reaction process, followed by pilot-scale gravity clarification, cartridge filtration, pH
adjustment and arsenic contactors.
The pilot testing assembly was built at the ETP. Once the pilot treatment assembly was constructed,
testing, commissioning and trial operating periods were completed. After the constructed assembly was
demonstrated to be fully functional, the test period commenced. The goal prior to commencing the onsite testing was to fully exhaust the media twice to demonstrate the repeatability of the arsenic removal
media performance. Due to challenges on-site during the construction and commissioning phase of the
project, the treatment process period from August 22 to November 15, 2018 was not long enough to fully
exhaust all the test media. The testing was terminated on November 15, 2018 due to the cold winter
weather.
The desired data was not collected, but valuable information that will inform the design, construction and
operation of the long term WTP was obtained. The key conclusions from the pilot testing program
completed during the summer of 2018 are the following:
1.

The use of conventional water treatment processes for the removal of particulate and contaminates
prior to the arsenic removal contactors is a suitable approach. The discharge from the ETPs
chemical reaction tanks was diverted to a gravity clarification basin followed with cartridge filtration.
For ease of construction and operation simple clarification and filtration processes were built and
both process functioned suitability. As a result, a properly designed clarification process
downstream of a reaction basin for the addition of lime and coagulants, followed by granular media
filtration is expected to provide sufficient pre-treatment to support the sustainable operation of the
arsenic removal media.

2.

Arsenic removal media may be used to treat arsenic and antimony to achieve the EQC target of
less than 0.01 mg/L of arsenic and 0.2 mg/L of antimony. As noted previously, meeting the
antimony treatment target is likely achievable prior to the final process polishing step meaning the
arsenic removal media could be optimized for arsenic only.

3.

The arsenic removal media does not interfere with or impede the other water quality parameters of
the EQC.

4.

It is recommended that arsenic removal media is incorporated into the WTP process to treat for
arsenic and antimony in order to meet the EQC.

5.

Three arsenic removal media products were tested. Media Product 1 is estimated to provide the
most cost-effective treatment. However, all three media effectively removed both arsenic and
antimony from the process stream. For development of the pre-design, Media Product 1 will be
used; however, the specific selection of the arsenic removal media should be delayed until detailed
design of the WTP is completed.

6.

All three exhausted media products passed the TCLP for classification as non-hazardous waste.
Disposal of the exhausted media produced during the long term operation of the WTP can occur at
the on-site non-hazardous waste landfill.

7.

All three media products were not run to exhaustion and the test was not repeated. It is anticipated
that a future test would continue to demonstrate the ability to remove arsenic and antimony and
achieve the treated water quality objectives identified in the EQC. However, without exhausting the
media and repeating the test, providing accurate operating cost projections is not possible at this
time.
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1. Introduction
A long term closure and reclamation plan is being developed for Giant Mine. The long term water management plan
for the Giant Mine site includes the ongoing collection and treatment of contaminated water at the mine site. To
facilitate a long term sustainable treatment plant that consistently achieves the treated water quality objectives, a
treatment solution is needed that balances process risk against capital and operating cost.
Analysis of the treatment options has been completed in the past. Currently the coagulation, pH adjustment and
sedimentation in earth ponds provide a reduction in the order of 98% for arsenic removal. However, even with this
level of treatment the arsenic levels are still roughly 20 times greater than the treatment target. Previous analysis
has indicated that mechanical sedimentation and filtration followed with ion exchange media for final polishing of the
process flow offers a cost effective method to reliably remove arsenic and antimony to achieve the water quality
objectives. Although this general approach has been successfully used at other facilities, some challenges specific
to the characteristics of the Giant Mine site run-off water are:
 There are numerous other ions present that may compete with arsenic and antimony for affinity onto
adsorption media.
 The concentrations of the arsenic entering the ion exchange process are in the order of the 0.298 mg/L. This
is significantly higher than drinking water design target of 0.010 mg/L and higher than the arsenic
concentrations typically found in raw drinking water sources. Therefore, there is a risk that ion exchange
media will not function as designed.
Ion exchange media manufacturers and distributors have indicated interest in participating in the pilot testing and
have proposed media options. An off-site bench test will be completed by each vendor to demonstrate the
adsorption properties of each proposed media. Only media that has demonstrated the ability to achieve the
performance with a water sample collected from the Giant Mine site will be considered for on-site pilot testing. The
process of identifying media capable of achieving the treatment objectives is ongoing.
This plan describes the objectives and methodology of the on-site pilot test for the media selected through the initial
screening process. The results of the initial screening followed with on-site pilot test will produce data which will
inform the design and operation of the long term Giant Mine Effluent Treatment Plant (ETP).

1.1. Objectives
The following objectives of the pilot test have been used to design the experiment methodology:
 Identify the removal efficiency of arsenic and antimony for each media and confirm the media can
produce treated water that meets water quality objectives outlined in Table 1.
 Rank media performance in terms of volumetric production of treated water per volume of media.
 Rank media performance in terms of volumetric production of treated water per dollar spent.
 Estimate operational cost for full-scale treatment using the most cost effective media.
 Develop full-scale design parameters based on the performance characteristics observed and
measured.
 Quantify and characterize waste streams produced by the exhausted media and the volume of media
that will require disposal in the on-site landfill. Additionally, the exhausted media will be tested to confirm
that it complies with EPS’s SW-846 Test Method 1311: Toxicity Characteristics Leaching Procedure.
Table 1 – Water Quality Objectives
Parameter
Value
Treated Water Antimony Concentration
< 0.006 mg/L
< 0.010 mg/L
Treated Water Arsenic Concentration
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2. Experimental Plan
The pilot test will rank and compare the performance of three ion exchange adsorption media. Three media have
been sourced through the Relative comparisons between the media will be completed based on the data collection
from the pilot columns operated in parallel to each other. However, the feed water entering the adsorption process
will need to represent conditions expected at a full-scale treatment plant to ensure data can be used to inform
decisions that extend beyond relative comparisons between media vendors. The following paragraphs describe the
testing plan to produce water for testing which will closely represent full scale water characteristics entering the ion
exchange adsorption contactors.
Water is currently treated at the mine site with coagulation, pH adjustment, flocculation, and extended clarification in
earth ponds. The sedimentation in the earth ponds occurs in 2-stages. The proposed full-scale treatment plant will
use high-rate clarification, filtration and adsorption process downstream of the existing coagulation, pH adjustment
and flocculation processes.
A low cost method is needed to produce feed water for testing which will closely represent full scale water
characteristics entering the ion exchange adsorption contactors. The plan is to divert a sidestream flow from the ETP
after flocculation and prior to discharge to the earth clarification ponds during the regular summer operation. For the
pilot testing, simple equipment will be moved to site for clarification, filtration, and pH adjustment upstream of the
pilot ion exchange adsorption test columns. The ion exchange adsorption process will be operated in lead-lag
configuration to represent a full scale application.
Lead-lag configuration allows the full capacity of an ion exchange adsorption media to be utilized. The lead-lag
configuration employs 2 contactors in series, the duty contactor in the lead position acts as the main treatment
vessel while the lag contactor acts as the polishing unit. In a single-column configuration, the media is swapped out
at breakthrough, which is defined as the period where constituents in the treated water no longer meet water quality
objectives. However, media still contains adsorption capacity after breakthrough. When the water quality entering the
ion exchange adsorption contactor is the same as the discharge for the targeted parameters, the full capacity of the
media is realized and the media is said to be exhausted. The full scale ETP will be configured to allow the media to
be exhausted. To mimic the full scale ETP and extrapolate the media operational costs with confidence, the pilot
assembly will be configured with lead and lag contactors.
Given the relatively high concentration of the arsenic entering the ion exchange contactors, it is expected that
breakthrough could begin early in the run cycle resulting in loading on the lag contactor. An item to demonstrate is
that breakthrough of the lag contactor will not occur as the lead contactor reaches exhaustion. Achieving the arsenic
treatment target of 0.010 mg/L is critical and given the high concentration of arsenic entering the system it is
suspected that loading on the lag contactor could create a concern that impacts the operating costs. To quantify this
issue the pilot assembly will be configured for lead-lag operation with sample points at the discharge of the lead and
lag contactor.
Figure 1 illustrates the basic pilot test process. Although 5 media trains are listed, the results from the off-site testing
will determine exactly how many media will be evaluated in the pilot test. A more detailed set of piping and process
drawings is provided in Appendix B – Site and Process Drawings.
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Clarified, Filtered,
and Neutralized
Mine Site Water

= Water Quality Sample

Media 1

Media 2

Media 3

Media 1

Media 2

Media 3

= Flow & Water Quality Sample

Figure 1 – Basic Pilot Study Flow Diagram Train

The overall pilot program is subdivided into stages as follows:



Stage I: Pilot Plant Setup and Diagnostics Testing. The pilot assembly will be designed to be a simple
assembly consisting of generic plumbing supplies configured in a manner to achieve the desired test results.
Based on a pilot assembly schematic design, a local contractor will be hired to complete all wiring and piping to
the pilot equipment. Once this is complete, hydrostatic testing, equipment setup and calibration will be
completed, thereby bringing the unit processes to a state of readiness for the commencement of testing.



Stage II: Comparative Testing of Ion Exchange Adsorption Media. This stage of pilot testing will assess the
performance of each adsorption media and record the first iteration of the results for development of the Pilot
Treatment Testing Program Report. Testing will be performed in a comparative manner, to support a
recommendation for the most beneficial ion exchange media for the full scale Giant Mine ETP.



Stage III: Replication of Comparative Testing. This stage of pilot testing will re-assess the performance of
each adsorption media and record the second iteration of the results for development of the Pilot Treatment
Testing Program Report. The results will be replicated to demonstrate repeatability and robustness of the
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adsorption media. Practically, Stage II and Stage III of the testing procedure equate to running the media to
exhaustion two consecutive times.

2.1. Schedule
It is important to accurately design the pilot test equipment according to the project schedule. The key time constraints
for the pilot testing program is aligning with the seasonal operation of the existing ETP and providing enough time to run
the ion exchange media to exhaustion two consecutive times.
For the purpose of planning it is assumed that there is a 2.5 month period for on-site testing. Based on this available time
and a rough review of the media characteristics, a water flow rate for testing has been estimated. Using the flow passing
through the media the reaction time for adsorption can be determined based on the media depth. Preliminary
calculations based on vendor performance estimates have been completed to determine adsorption column size which
will lead to media exhaustion twice within the available test schedule.
An estimate of the project schedule is presented in Figure 2. The schedule is intended to be used as a prediction for
implementation of the pilot test, but the actual duration of each task and the overall schedule may be subject to change.

Ancillary Objectives

Pilot Testing

Pilot Treatment Testing Specs and Drawings (Draft)
Pilot Treatment Testing Specs and Drawings (Final)
Contractor Hire Period
Pilot Test Equipment Construction Period
Stage I - Setup and Diagnostics
Stage II - Comparative Testing
Stage III - Replication Testing
Pilot Treatment Testing Program Report (Draft)
Pilot Treatment Testing Program Report (Final)
Figure 2 – Estimate of Pilot Testing Schedule

2.2. Stage I: Pilot Plant Setup and Diagnostics Testing
Once the pilot equipment is plumbed, the water supply to the pilot assembly will need to be tested to confirm the
supply of process water is reliable. Additionally, water processed through the test assembly will need to be
discharged. To minimize the water supply and disposal logistics it is assumed that the pilot testing assembly will be
located at the location of the existing ETP.
To reduce the risk of interruption during testing, the pilot testing assembly will be trial tested with water to confirm the
function of the equipment. Once the pilot test assembly is proven to function reliably, the next stage of testing will be
completed.

2.3. Stage II: Comparative Testing of Adsorption Media
The Stage II test period will be the culmination of operational and performance data during the first iteration of the
pilot test. Flowrate, arsenic, and antimony data will be monitored every other day for each media. Additional data will
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be taken from the pilot test as described in Section 4 – Analytical Sampling Plan. Phase II will continue until the lead
column for each media has been exhausted. Media columns have been sized to exhaust media within an estimated
15-20 day time period. However, column size is based on media water quality characteristics and vendor
performance estimates of 4,500 - 5,500 bed volumes of treated water production, or 11 – 13 days of treated water
production, before constituent breakthrough. An additional 2 – 7 days of run time is assumed to reach media
exhaustion. The schedule is based on vendor performance estimates and will be subject to change depending on
water characteristics and real media performance. Provision for a 36 day Stage II test period has been considered in
the schedule as contingency in case media performance exceeds expectations and/or arsenic and antimony loading
is lower than the considered media values. Upon completion of testing, the following will be known and/or achieved:



capability of each media to produce treated water that meets the water quality objectives;



dollar cost per volume of treated water for each media; and



leaching properties of the exhausted media – this will be determined by analyzing the exhausted media in
accordance with the EPA SW-846 Test Method 1311.

2.4. Stage III: Comparative Testing of Adsorption Media
The Stage III will repeat the pilot test completed in Stage II. Each media in the lead and lag adsorption columns
will be replaced with fresh media. The goal of Stage III testing is to demonstrate that adsorption media will
perform consistently.
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3. Pilot Testing
On-site pilot testing will be completed at the mine site near the existing ETP. The general layout of equipment,
ground conditions, feed water tie-in point, and treated water discharge will need to be finalized in the On-site Pilot
Testing Specifications and Drawings.
The pilot equipment will require a power source, feed water source, and treated water disposal. Servicing of the pilot
equipment will be required during the operation of the pilot study. The configuration of the pilot is designed to be
simple allowing for consistent results with minimal operation input.
A power supply will be needed to power three pumps and instrumentation for the pilot testing equipment. The
flowrate is small and the pump sizes are expected to require only single phase 120/240 volt power. It is assumed
that a 1-phase power connection from the existing power supply within the ETP can be provided to the pilot testing
site.
The pilot testing feed water source will be the chemically processed water from the existing ETP. The pilot testing
3
media columns have been sized based on a feed water flowrate of 4.9 m /d. The flowrates are specified so that 4 L
of media is expected to run to exhaustion twice within the amount of time projected for pilot testing (see Figure 2 for
schedule). The hydraulic profile of the pilot testing equipment will depend on the inlet pressure of the feed water
source. Discharge tanks at the ETP are 10 ft (3 m) high and the grade at site is relatively level, so It is assumed that
a minimum of 50-60 kPa of inlet pressure will be available to supply the clarification process under gravity flow
conditions.
Process flow diagrams are provided in Appendix B. The chemically processed water from the existing ETP will be
diverted through a clarification tank followed by pumping and filtration. A small pump is proposed for the clarified
water to overcome the headloss through the cartridge filters. Once the water is filtered, the pH of the process stream
will be lowered in pH adjustment tanks to work more effectively with the ion exchange adsorption media. All overflow
and waste streams will be collected in a wet well and discharged to the surface of tank B-3 of the ETP with a
submergible pump.

3.1. Pilot Testing Operation
In addition to the analytical sampling program outline in Section 4 – Analytical Sampling Plan, operation staff will be
responsible for routine operating procedures at the pilot treatment plant. The operational labour demand is expected
to be approximately 24 - 32 hours/week during the pilot test. Some of the tasks include:


Weekly wasting (or as required) of settled sludge in the clarifier tank.



Daily check the pressure differential across the duty cartridge, if the differential is 5 psi within the maximum
allowable, the operator will manually adjust the valves so that the stand-by filter is in operation. Once the
duty filter is isolated the filter can be replaced.



Perform daily batch pH adjustment according to the procedure described in Section 3.2.3.



Maintain a daily log of the activities;



Collect samples and deliver to the selected laboratory for analysis;



At the end of Stage II, the operator will need to replace spent adsorption media with fresh media.
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3.2. Pilot Testing Equipment
3.2.1. Clarification
Clarification will be completed in a commercially available high-density polyethylene. Under the flow conditions
3
3
mentioned (4.9 m /d) above, a 5.8 m tank will allow for approximately 7 hours of settling. The clarified water will be
decanted from the top of the tank and conveyed to the next process for further treatment. To address solids build-up
in the bottom of the tank a drain valve will be provided. During the pilot testing period, the drain valve can be
manually opened by the operator to waste the precipitated solids material from the bottom of the tank and into the
discharge wet well. Additionally, a roof access will be provided so settled sludge can be pumped from the tank if
required.

3.2.2. Filtration
Cartridge filtration will be used to polish feed water prior to media adsorption. Two cartridge filters will be operated in
duty/stand-by configuration. A pressure gauge will be placed upstream of each filter to allow for the operator to
monitor and replace duty cartridges as needed. A continuous pump will operate upstream of the cartridge filter to
apply adequate pressure and maintain a constant flowrate.

3.2.3. Chemical Dosing – pH Adjustment
Media adsorption is expected to be more functional at roughly a neutral pH. Therefore, the pilot test will be operated
at an optimal pH so that the results may be representative of the full-scale operational costs. Unfortunately, optimal
pH varies for each media and the pH of the water diverted from the existing ETP will be elevated for the precipitation
of metals. After filtration feed water pH for each media will be lowered to 6.0 – 6.5. This pH aligns with the
requirements of the treated water objectives and will avoid the need for downstream alkalinity dosing. A batch pH
adjustment tank that services all 5 media columns is proposed for the pilot testing equipment.
The chemical dosing system will operate in batch. Two tanks will be connected downstream of the filtration process.
The tank will be sized to store water for two days of flow from the process stream and have an emergency overflow
that ties into the effluent pond. Once full, an operator will sample 1 liter of water from the tank and determine the
volumetric ratio of acid regent required to adjust the entire tank volume to a pH value between 6 - 6.5 using a field
pH probe. The operator will then dose the tank with reagent and use a mechanical mixer to equalize the tank pH.
Once the tank has been sufficiently mixed, the valve system is manually configured so that the newly prepared tank
is being drawn from and the previously operational tank will be filling up.

3.2.4. Adsorption
Water from the pH tanks will be pumped into a common header shared between each adsorption column.
Rotameters and inlet vales will be used to control the flow into each ion exchange adsorption contactor. A contactor
pipe diameter of 100 mm will provide slow flow-through velocity and sufficient reaction time between the media and
the water constituents. Five trains of unique adsorption media will be tested in parallel. Each parallel train will run
two columns of the media in a “lead-lag” configuration. The lead-lag configuration will be representative of a fullscale operation and is meant to capitalize on the full capacity of each respective media.
Each column will be equally sized to allow similar volumes of water and similar reaction times to interact with each
respective media. At the inlet to the header, a sampling port will be available for influent arsenic and antimony
monitoring. At the discharge of each of the first columns, a flow element and a sampling port will measure the
volume of water treated and residual arsenic and antimony concentration. The columns have been sized to contain 4
L of media which is expected to be exhausted within 15 to 20 days based on preliminary performance quotations
from various vendors. The objective is to run the media to exhaustion twice to demonstrate reproducible results.
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Considering the 72 day pilot testing schedule, sizing for a 20 day exhaustion period allows for contingency in case of
delays.
To capture the key adsorption performance metrics, arsenic, antimony, and volumetric output are recorded every
day during pilot testing. Further, acidification and cartridge filtration have been designed for a daily operational
service frequency.
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4. Analytical Sampling Plan
4.1. Sampling Program
For the duration of the pilot testing program, water quality sampling will proceed on a continuous daily basis. Table 2
lists the various water quality sampling and monitoring to be completed during each pilot stage. It is assumed that
off-site laboratory testing will be coordinated by AECOM. AECOM will be responsible for QA/QC of laboratory data,
tracking samples and managing data.
Table 2 – Summary of Sampling Plan During Pilot Test
Sample Location

Parameter

Influent Line

Full Parameter Sweep
Total Arsenic + Antimony
Dissolved Arsenic + Antimony
pH
Conductivity
Chloride
Sulphate
Column Flow Rate
Total Arsenic + Antimony
Dissolved Arsenic + Antimony
pH
Conductivity
Chloride
Sulphate

Influent Line

Lead Column
1
Effluents

Frequency
2

Lag Column
1
Effluents

Full Parameter Sweep

Lag Column
1
Effluents

Total Arsenic + Antimony
Dissolved Arsenic + Antimony
pH
Conductivity
Chloride
Sulphate

2

nd

Every 2 day

Analytical Lab
Turnaround
Regular

nd

Every other 2 day
(when full parameter
sweep is not being
sampled)

Regular

Every day

Rush

Every 2 days

Regular

3

Regular

3

3

4

nd

Every other 2 day
(when full parameter
sweep is not being
sampled)

1: Lead and lag column effluent samples will be taken for each of the three media adsorption columns
2: Full parameter list is provided in Appendix D
3: Regular delivery time means results are delivered within 10 days (including weekends) of sampling at the pilot test plant
4: Rush delivery time means results are delivered within 2 days (including weekends) of sampling at the pilot test plant

4.2. Sampling Protocol
Collect all organic and inorganic water quality samples as grab samples from the denoted sample points.
Clean sample bottles of adequate volume should be obtained for all sampling. Prior to sampling, sample
containers will be clearly marked and identified with a permanent ink marker and double checked that the
sample ID matches the sampling port. As a minimum, sample ID shall contain: name of operator taking
sample, date (accurate to the hour), and the tag ID of the sampling port used to take the sample. If sampling
from a sample tap, one litre should be flushed from the sample port. Rinse water from the flushing activity
should be used to rinse the sample container with brief washes at least three times before taking a
permanent sample. During this rinsing and sampling period, care should be made to avoid causing the
internal parts of the sample container and lid to touch any foreign surface.
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After the sample has been taken, the sample container will be covered and immediately placed in a cooler.
Once all the daily samples have been taken, the batch will be sent to the laboratory to be analyzed. Two
record logs of all samples in each shipment will be completed. One copy of the log will be kept and filed by
the pilot plant operator(s), and one copy will accompany the samples. Regular communication will be
maintained with the off-site laboratory, AECOM staff, and operation staff to ensure that samples are received
at the laboratory and that samples are analyzed within their allowable holding period.
At the end of Phase II and Phase III, the lead column for each tested media will be sampled and sent to an
analytical laboratory for leaching characterization using EPA SW-846 Test Method 1311. Briefly, the SW8846 Test Method 1311 exposes the spent media to an acidic solution. After an 18 hour extraction period,
the extraction solution is measured for metals and compared to regulatory guidelines. The operator will
complete sampling of the media and send the media to AECOM to coordinate testing.

4.3. On-Site Analysis
On-site analysis will be limited to the recording of the flow indicator readings. The flow indicator recordings
will be completed daily by operation staff and will include the respective date, accurate to the hour. The
timing when the flow indicator reading is recorded needs to coincide with the timing in which the respective
lead column grab sample is taken for off-site laboratory analysis. An example of the on-site flowmeter data
recording expectation is shown as a datasheet in Appendix A.

4.4. Sampling & Laboratory Analyses
All samples will be carefully collected according to the sampling protocol described above to minimize the
risk of contamination and to ensure collection of a representative sample. Proper QA/QC will be conducted
by the laboratories on all instruments used for analyses. All samples will be refrigerated and analyzed within
the allowable holding time period of the parameter to be analyzed. A copy of the results of each analysis will
be sent to and filed by the pilot plant operations staff.

4.5. Data Collection & Storage
AECOM will routinely collect and file data sheets from both the on-site operator and off-site laboratories.
Data will be stored in the form of a Microsoft Excel spreadsheet database, allowing trending in the data to be
readily analyzed.
A sample data collection sheet for on-site operator data collection is attached in Appendix A. The sheet is
intended to be a guide and not to supersede the testing requirements identified in Table 2. Operation staff
will email AECOM an updated copy of the On-Site Data Sheet every time on-site data is collected (refer to
Table 2). Data analysis done by off-site analytical laboratory will be emailed to AECOM as analysis are
completed and AECOM will compile both data sources into a spreadsheet on a continuous basis to monitor
the performance of the media.
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Appendix A – On-Site Data Sheet
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Media 2 Lead Column

Media 3 Lead Column

Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
Flow Meter:
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Appendix B – Civil, Process, and
Electrical Drawings
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PILOT TREATMENT PLANT STATEMENT
OF WORK

1.

GENERAL
The Pilot Treatment Plant Statement of Work references the Arsenic and Antimony Ion
Adsorption Pilot Testing Drawing Package. The drawing package should be reviewed in
conjunction with this document.

1.1

Equipment

1.

The Contractor is responsible for supply of the equipment specified in this Section
and in the On-site Pilot Treatment Testing Drawings.
(a)

2.
1.2

If the equipment specified is unavailable within the required time-frame,
the Contractor may propose an alternative to be approved by the
Engineer.

Equipment will be owned by the Contractor and it will be the responsibility of the
Contractor to remove the equipment from site after completion of the pilot test.

Shop Drawings
.1 “Shop Drawings” mean custom drawings, specific product data, diagrams, illustrations,
schedules, performance charts, brochures and other data, which are to be provided to
illustrate details of a portion of the Work. Provide a complete installation schematic for
all the works required for the pilot testing assembly. This is required to ensure there is
no confusion with the scope of work or installation requirements. The shop drawing
shall be submitted and approved by the Engineer prior to starting the installation.
.2 Arrange for the preparation of clearly identified shop drawings as specified or as the
Engineer may reasonably request. Shop drawings are to clearly indicate materials,
methods of construction and attachment or anchorage, erection diagrams,
connections, explanatory notes and other information necessary for completion of the
Work. Where articles or equipment attach or connect to other articles or equipment,
clearly indicate that all such attachments and connections have been properly
coordinated, regardless of the trade under which the adjacent articles or equipment will
be supplied and installed. Shop drawings must be submitted with the appropriate
Specification Sections attached. Notify the Engineer in writing of any deviations in shop
drawings from the requirements of the Contract Documents.
.3 Examine all shop drawings prior to submission to the Engineer to ensure that all
necessary requirements have been determined and verified and that each shop
drawing has been checked and coordinated with the requirements of the Work and the
Contract Documents. Examination of each shop drawing shall be indicated by stamp,
date and signature of a responsible person of the Subcontractor for supplied items and
of the General Contractor for fabricated items. Shop drawings not stamped, signed and
dated will be returned without being reviewed and stamped "Resubmit".
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.4 Submit shop drawings with reasonable promptness and in an orderly sequence so as
to cause no delay in the Work. Failure to submit shop drawings in ample time is not to
be considered sufficient reason for an extension of Contract Time and no claim for
extension by reason of such default will be allowed. Jointly prepare a schedule fixing
the dates for submission and return of shop drawings.
.5 The Engineer will review and return shop drawings in accordance with the schedule
agreed upon or otherwise with reasonable promptness so as to cause no delay in the
Work. Allow sufficient time for review and consideration by the Engineer. Claims for
costs or contract extensions due to such review time will not be allowed.
1.3

Installation
1.

The Contractor is responsible for any groundwork required to functionally support
the installed equipment. The existing surface at the Overhead Shelter Laydown
Area appears to be compact well-graded base and the ground work is expected to
be limited to raking course gravel from underneath the tank laydown areas.
Reference Appendix A for a picture of the Overhead Shelter Laydown Area.

2.

Equipment that is not part of the pilot treatment plant will be removed from the
Overhead Shelter Laydown Area by others before construction of the pilot treatment
plant begins.

3.

The Contractor is responsible for the installation of the pilot treatment plant within
the Overhead Shelter Laydown Area and surrounding tie-in easements. The
installation work will generally require the following items:
.1

Tie-in of the 100 mm PVC Supply Pipe into the bottom of an existing elevated
stainless steel main shown in C-100. This connection should be made prior to
the operation of the Effluent Treatment Plant (July) so that the pipe will be
empty. Pictures of the tie-in point are available upon request. Coordinate tiein with Engineer and Owner.
(a)

.2

Alternative tie-in approaches may be proposed by the Contractor, to be
approved by the Engineer.

PVC pipe and bends as indicated on the Civil and Process Drawings.
(a)

Pilot plant to be as shown in the Process Drawings. The Civil Drawing
presents a general pilot plant layout. The Contractor may propose
modifications to the layout with detailed shop drawings for approval by
the Engineer.

(b)

Contractor can use all the space available in the Overhead Shelter
Laydown Area.
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.3

Construct temporary structural framing to support the vertical adsorption
columns against lateral wind loads and a vertical service load of 20 kN per
pair of adsorption columns.

.4

Construct temporary elevated scaffold adjacent to the pH adjustment tanks.
The proposed schematic in drawing C-100 is a proposed structure for height
requirements. The Contractor will be responsible for building the temporary
elevated scaffold to conform to applicable standards.

.5

Install a temporary electrical control panel within the Overhead Shelter
Laydown Area and service the control panel with power from the existing
control panel in the Effluent Treatment Plant located adjacent to the
Overhead Shelter Laydown Area. See E-100 for details. Coordinate
connection with Engineer and Owner.
(a)

All equipment and parts shall be installed as per the manufacturers’
recommendations, unless otherwise indicated in the drawings and specifications.

4.
1.4

Commission
The Contractor will be responsible for demonstration of the pilot treatment plant
operation. The Contractor will be required to complete a successful leak test of the
pilot treatment plant as per item 3.1 below. The leak test will demonstrate proper
operation of the pumps.

1.

1.5

Operation
1.

Operation tasks are described in this Section.
.1

2.

Pumping equipment to be energized through the newly installed
electrical control panel.

Operation of the pilot treatment plant will be completed by others under a
separate contract.

PRODUCTS
1.

Storage
.1

2.

The Contractor will provide a lockable toolbox with at least 1 cubic meter of
storage space to house spare equipment, sampling bottles, and consumable
reagents.
Compressed Air
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.1

3.

Drip Trays
.1

4.

All major wetted equipment will be placed in Drip Trays. Drip trays will be
made of durable material capable of resisting the equipment operational
service weight. Drip trays will capture leaks and are not intended to be full
containment vessels.
Pipe

.1

All piping shall be solvent welded Schedule 40 PVC pipe unless otherwise
indicated on the drawings. PVC pipe will be certified to CSA Standard B137.3
NSF Standard and certified to ASTM D1785 Standard.

.2

Temporary tubing will be provided for backwash sequences:

5.

(a)

Air hose with quick couple connections that are compatible with the air
compressor provided as per 2.2.1 and adsorption column couplings
specified in the process drawings (1/4“ hose quick couple).

(b)

Two 5/8” diameter 25 meter long water hoses with compatibility to
connect to the service water at the Effluent Treatment Plant and
adsorption column connections specified in the process drawings (¾“
garden bib)

Valves
.1

6.

Valves shall be PVC socket ends complete with unions for all mainlines and
sampling ports. Valves 75 mm or smaller will be Chemline Type 21 ball
valves. Valves 100 mm or greater will be Chemline Type 21 ball valves or
globe valves.
Flow Indicators

.1

7.

Flow indicators shall be rotameter type and be of the same manufacturer and
model for all three adsorption column trains. The rotameters shall be rated to
service a flowrate of 40 – 80 L/hr.
Pressure Indicators

.1
8.

The Contractor shall provide an air compressor capable of providing at least
3 cubic feet per minute of air flor at a 20 psi pressure. The compressor will be
compatible with 120 V power from the control panel (see electrical drawing).

Pressure indicators shall be pressure gauges with 0-60 psi pressure ranges.
Pumps
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.1

Clarifier Discharge Pump (P-101) will be a Fluid-o-Tech TMFRSS-201 rotary
vane pump. The pump will be connected to a Fluid-o-Tech FEE2AWR1
controller. The controller will allow for manual modulation of the pump motor
rpm between 1500 and 2000 rpm.
(a)

The Contractor will provide a spare pump and controller for P-101.

.2

Adsorption Column Pressure Pump (P-102) will be Fluid-o-Tech TMFRSS201 rotary vane pump. The pump will be connected to a Fluid-o-Tech
FEE2AWR1 controller. The controller will allow for manual modulation of the
pump motor rpm between 1100 and 1500 rpm.

.3

The Submersible Pump/Sump (P-103) will be a Liberty Pumps model 405
centrifugal pump/sump. The pump will provide at least 2,000 Litre/hour of flow
at a discharge pressure of 9 meter. The sump tank capacity will be 19 Litre.
(a)

9.

The Contractor will provide a spare pump and sump for P-103.

Tanks
.1

Clarifier Tank (T-100) will be made from HDPE material. T-100 will have a
length at least 3.5 times greater than the width and the inlet and outlet will
need to be at opposite ends respective to each other. The outlet will be offset
from the inlet so that process water naturally flows to the outlet by gravity.
The minimum liquid depth in T-100 is 1 meter. Minimum volumetric capacity
of T-100 is 5 cubic meter. Large septic tanks are commonly available and
suitable for the T-100 equipment specification.

.2

pH Adjustment Tanks (T-101/T-102) will be manufactured by Equinox and be
model E-2000V with a 9 cubic meter capacity. T-101/T102 will be placed so
that the lids are accessible from the mixing platform as possible.

10.

Cartridge Filters
.1

The cartridge filter (F-101/F-102) will be manufactured by HART model
HWP005A10P. The filter will retain a nominal particle size of 5 µm. The
housing material will be suitable for the specified cartridge filters and a 350
kPa internal pressure.
(a)

11.

The Contractor will provide 60 Hart, HWP005A10P cartridge filters (sold
in boxes of 30).

Adsorption Columns
.1

Adsorption columns will be made from 100 mm clear transparent PVC pipe.
Columns need to be clear to measure media bed depth.
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.2

Media support will be made from POREX Underdrain Plates. The plate
material will be cored from rectangular plants using a circular bit and fit snug
into the clear PVC columns. The edge of contact between the POREX
Underdrain Plates and the PVC column will be sealed with silicon to prevent
water from running through the edges. The bottom edge of the media support
will be supported with rigid setting caulking. The media support will be placed
at the bottom of the adsorption columns.

.3

Contractor will provide connections at the outlet of each lead and lag column:

.4
12.

¼” hose quick couple for compression hose connection with isolation
ball valve or globe valve.

(b)

3/4“ hose bib for service water connection complete with isolation ball
valve or globe valve.

The Owner will purchase the media directly from the different vendors. The
media will be provided to the contractor for their installation.
Electrical

.1
3.

(a)

See drawing E-100 for details.

EXECUTION
1.

Commissioning
.1

The Contractor will demonstrate that the equipment will operate without
leaking by filling the clarifier tank and both pH adjustment tanks with potable
water supplied by the Owner.

.2

All tanks will each be flooded using the potable water source for 5 minutes to
ensure the overflow lines drain to the discharge sump.

.3

P-102 will be turned on to begin filling the adsorption columns; draining from
both T-101 and T-102 for 5 minutes each.

.4

While P-102 is operating and the clarifier tank is being flooded with potable
water, P-101 will be turned on to test filter joints and discharge into T-101 and
T-102. Ball valves downstream of F-101 and F-102 will be modulated during
operation of P-101 to simulate 35 psi discharge pressure through the filters
for 5 minutes each.

.5

Finally, the influent line will be commissioned by opening the ball valve near
the tie in point and closing the ball vale near the clarifier tank. The influent
line will then be fed with potable water until the pipe is filled up to the
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elevation of the upstream ball valve. After the influent main has been filled,
the influent main will be left to sit under pressure for 30 minutes.
(a)

.6
2.

If at any point the pilot treatment plant shows a sign of leaking, the
commission test will be stopped and the source of the leak will be fixed
promptly. Once the leak has been fixed, the leak test will be re-started.

The contractor shall provide a complete, fully functional pilot assembly that
functions to the satisfaction of the Engineer.
Operation

.1

Operation of the pilot treatment plant will be completed by others under a
separate contract.

.2

The operator of the pilot treatment plant will be required to supply the
following resources and consumable reagents:

.3

(a)

An operator with WHIMS training and the appropriate Personal
Protective Equipment to avoid exposure to hazards associated with
citric acid powder.

(b)

A suitable supply of food-grade citric acid powder. Consumption rate is
not certain until operation; assume a requirement of 100 kg.

(c)

A 120 V AC powered drill with suitable mixing capabilities to disperse
acid solution into T-101 or T-102.

(d)

A 120 V AC powered field pH probe, accurate to 0.1.

(e)

Suitable standards for field pH probe calibration, as a minimum 4, 7,
and 10 pH standards will be supplied.

(f)

Sampling containers.

(g)

Shipping of sample containers to the Owner-approved Analytical
Laboratory.

The operator of the pilot treatment plant will be required to complete the
following routine tasks.
(a)

Weekly wasting (or as required) of settled sludge in the clarifier tank by
partially draining clarifier tank contents into the sump.

(b)

Check daily the pressure differential across the duty cartridge filter.
Swap out the duty filter if the pressure differential is 5 psi within the
manufacturers recommended change-out specification.
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(c)

Perform daily batch pH adjustment procedure.
(i)
(ii)
(iii)

(iv)
(v)

(vi)

(vii)
(viii)
(ix)

(x)

Sample 1 litre of process water from T-101 or T-102, whichever
has been most recently filled.
Measure the pH of the sampled process water using a field pH
probe, accurate to one decimal place.
Combine 908 grams (2 lb) (or more if required; solubility limit is
1,170 g/L) of citric acid powder into a 20 liter bucket with 10 liter
of potable service water to produce the acidic solution.
Add 50 mL volumes of acidic solution to the 1 litre sample of
process water, mix and measure pH with pH probe.
Continue step (iv) until the process water pH reaches 6 – 6.5.
Note the volume of acid solution required to adjust 1 litre of
process water as X (mL of acidic solution/L of process water).
Calculate the volume of the water in T-101 or T-102, whichever
the sample process water was drawn from. Calculate the volume
by measuring the water level with a measuring tape and
multiplying it by the area of the tank. Report the volume as Y
(litre of process water)
Calculate the dose of acid solution required to lower the pH of T101 or T-102 to 6 – 6.5 as X multiplied by Y.
Measure out the acid solution dose volume and pour it into T101 or T-102.
Mix T-101 or T-102 with an electrically powered hand mixer until
the pH has stabilized. Check pH with pH probe every minute to
ensure pH has stabilized.
Switch the newly prepared acidified process water into duty
configuration.

(d)

Daily recording of rotameter readings entering each adsorption column
train on the On-site Data Sheet. Flowrates should be recorded before
the operator manually adjusts flows. Daily, the operator will control the
flow rate entering the adsorption columns so that:
(i)
the difference in flowrates between any of the adsorption column
trains is less than 5 L/hr,
(ii)
the indicated flow for all of the adsorption column trains is less
than 70 L/hr, and
(iii)
the indicated flow for all of the adsorption column trains is
greater than 60 L/hr.
(iv)
It may be necessary to use the by-pass to control flow within the
specified range.

(e)

Update a data sheet with flow indicator readings and send to the
Engineer, daily.
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(f)

Collect daily samples and organize for the samples to be delivered to
an analytical laboratory approved by the Engineer for water quality
analysis.
(i)
Water quality analysis required is presented in Table 1 below:
Table 1 – Water Quality Sampling Details

Sample Location

Parameter

Influent Line

Full Parameter Sweep
Total Arsenic + Antimony
Dissolved Arsenic + Antimony
pH
Conductivity
Chloride
Sulphate
Column Flow Rate
Total Arsenic + Antimony
Dissolved Arsenic + Antimony
pH
Conductivity
Chloride
Sulphate

Influent Line

Lead Column
1
Effluents

Frequency
2

Lag Column
1
Effluents

Full Parameter Sweep

Lag Column
1
Effluents

Total Arsenic + Antimony
Dissolved Arsenic + Antimony
pH
Conductivity
Chloride
Sulphate

2

nd

Every 2 day

Analytical Lab
Turnaround
Regular

nd

Every other 2 day
(when full parameter
sweep is not being
sampled)

Regular

Every day

Rush

Every 2 days

Regular

3

Regular

3

3

4

nd

Every other 2 day
(when full parameter
sweep is not being
sampled)

1: Lead and lag column effluent samples will be taken for each of the three media adsorption columns
2: Full parameter list is provided in Appendix B
3: Regular delivery time means results are delivered within 10 days (including weekends) of sampling at the pilot test
plant; includes shipping time to analytical laboratory.
4: Rush delivery time means results are delivered within 2 days (including weekends) of sampling at the pilot test
plant; includes shipping time to analytical laboratory.

(g)

Sample and replace exhausted media in adsorption columns. Ship
exhausted adsorption media to an analytical laboratory selected by the
Engineer.
(i)
Allow for cost to ship six 2 kg samples via standard international
shipping to Austin, Texas, USA.
END OF SECTION
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Pilot Treatment - Water Testing - Expanded Parameter List

Field Parameters

Conventional (Routine)
Parameters

Major Ions

Temperature
Disolved Oxygen
Disolved Oxygen Saturation

pH
Specific Conductivity
Hardness, as CaCO3

Bicarbonate, as CaCO3

pH
Oxygen Reduction Potential
Turbidity
Specific Conductivity

Total Alkalinity, as CaCO3

Carbonate, as CaCO3

Total Disolved Solids
Total Suspended Solids
Total Organic Carbon
Disolved Organic Carbon
Turbidity

Chloride
Fluoride
Hydroxide, CaCO3

Bromide
Calcium

Magnesium
Potassium
Sodium
Sulphate
Silica

Nutrients

Total Metals

Disolved Metals

Nitrate
Nitrite
Nitrate + nitrite

Aluminum
Antimony
Arsenic

Aluminum
Antimony
Arsenic

Total Ammonia
Total Kjeldahl nitrogen
Total phosphorus (a)
Total phosphorus (b)
Dissolved phosphorus (a)
Dissolved phosphorus (b)
Orthophosphate

Barium
Beryllium
Bismuth
Boron
Cadmium
Chromium
Cobalt
Copper
Iron
Lead
Lithium
Manganese
Mercury
Molybdenum
Nickel
Selenium
Silicon
Silver
Strontium
Sulphur
Thallium
Tin
Titanium
Uranium
Vanadium
Zinc
Zirconium

Barium
Beryllium
Bismuth
Boron
Cadmium
Chromium
Cobalt
Copper
Iron
Lead
Lithium
Manganese
Mercury
Molybdenum
Nickel
Selenium
Silicon
Silver
Strontium
Sulphur
Thallium
Tin
Titanium
Uranium
Vanadium
Zinc
Zirconium
Cesium
Rubidium

(a) - Phosphorus concentration obtained from the nutrient analysis method (colourimetric).
(b) - Phosphorus concentration obtained from the metals analysis method (collision-cell mass spectrometry).

Other
Total cyanide
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