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EXECUTIVE SUMMARY

Agnico Eagle has prepared the following document which summarizes the operational and 
maintenance procedures to be followed at the Arsenic Water Treatment Plant (AsWTP).

This report documents the stand alone Operation & Maintenance Manual – Arsenic Water Treatment 
Plant, includes the following requirements:

The manual was prepared in accordance with the “Guidelines for the Preparation of an 
Operation and Maintenance Manual for Sewage and Solid Waste Disposal Facilities in the 
Northwest Territories, 1996”, and adapted for the use of a mechanical contact water treatment 
facility;

The manual includes contingency measures in the event of a plant malfunction; and

The manual includes sludge management procedures.
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IMPLEMENTATION SCHEDULE

This Plan will be implemented upon Board approval and subject to any modifications proposed by the 
NWB as a result of the review and approval process.

DISTRIBUTION LIST

Agnico Eagle Internal:
Process Plant Superintendent 
Process Plant General Foreman
Energy & Infrastructures Services Superintendent
Energy & Infrastructures Services General Foreman
Environmental Superintendent
Environmental Senior Coordinator
Environmental Compliance Counselor
Water Treatment Plant Operator
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1 INTRODUCTION

1.1 PURPOSE

This Arsenic Water Treatment Plant (AsWTP) Operation and Maintenance Manual (OMM) for the 
Whale Tail Gold Project (the Project) has been prepared based on the “Guidelines for the Preparation 
of an Operation and Maintenance Manual for Sewage and Solid Waste Disposal Facilities in the 
Northwest Territories, 1996, prepared by the Department of Municipal and Community Affairs, NWT”.
The OMM has been adapted for the use of a mechanical contact water treatment facility.

This manual is a component of the Whale Tail Environmental Management System. The objectives of 
this plan are summarized as follows:

1. To define the location, design and operating procedures to be used in the treatment of contact 
water generated at the Project; and

2. To provide monitoring requirements for the AsWTP.

The AsWTP purpose is to treat water from the attenuation pond.

1.2 BRIEF DESCRIPTION OF THE PROJECT

Agnico Eagle Mines Limited—Meadowbank Division (Agnico Eagle) is developing Whale Tail Pit and 
Haul Road Project, on a satellite deposit located on the Amaruq property, to extend mine operations 
and milling at Meadowbank Mine. 
The Amaruq Mineral Deposit is considered to be an extension of the currently operating Meadowbank 
mine. A conventional open pit mining operation is forecasted on the Whale Tail deposit. Access to the 
site is via a 64-kilometre road from Meadowbank mine. On-site facilities will include a power plant, 
maintenance facilities, tank farm for fuel storage, Arsenic water treatment plant (AsWTP), sewage
treatment plant, drinking water treatment plant, as well as accommodation and kitchen facilities for 
approximately 400 people. 

The global concept for water treatment at Amaruq is based on the reuse of the two Actiflo® from 
Meadowbank. Actiflo® is designed to treat mainly suspended solids (TSS). In Amaruq, it is expected 
to have arsenic (As) in the surface water due to the leachability of the rock. Therefore, the Actiflo® will 
be integrated into a treatment chain able to remove As to acceptable levels.

Figures 1 and 2 illustrate the location and general arrangement of the AsWTP.
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Figure 1 – Location of ASWTP

AsWTP
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1.3 CONTACT INFORMATION

The individuals responsible for the operation of the As water treatment plant for the Project are the 
following:

Plant Superintendent: 819-759-3555 #4606814
E&I Superintendent: 819-759-3555 #4606632
E&I General Supervisor: 819-759-3555 #4606822

2 DESCRIPTION

2.1 ARSENIC WATER TREATMENT PLANT (ASWTP)

As presented herein, the global strategy is based on the following steps:

Oxidation to oxidize the arsenic from As (III) to As (V). 
pH adjustment. 
Coagulation using ferric sulfate in order to co-precipitate the As (V) as ferric-arsenate 
precipitate. 
Flocculation to enhance the settling of the precipitate formed in the coagulation step.
Clarification to separate the treated water from the precipitate. High-rate ballasted floc clarifiers 
will be used for this step of the treatment process. 
Sludge thickening process to decrease storage requirements. 

The design flow rate in summer is set at 1600 m3/h and 84 m3/h in winter.

2.1.1 Process summary for summer operation

The purpose of the AsWTP (using Actiflo ACP-700R) is to remove Total Suspended Solids (TSS) and 
As from the influent water pumped from the attenuation pond. The equipment has an operational range 
of 6,250 to 38,400 m3/d.

AsWTP is composed mainly of two treatment lines:

One As Removal Reactors used for pH adjustment, As oxidation, As precipitation.
Two Actiflo® treating the exit of the As Removal Reactor, with sludge recirculation.
A sludge dewatering chain with two centrifuges (centrate is recirculating into the Actiflo®).

The AsWTP overflow is designed to meet the Type A Licence final effluent discharge criteria for TSS 
concentrations and As. The final effluent is monitored for pH and turbidity, which are monitored 
continuously. Flow rate is measured continuously.

The AsWTP general flow diagram is illustrated in Figure 3 and Figure 4 for summer operation. The 
following sections describe the AsWTP components.
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2.1.2 Process description

2.1.2.1 Arsenic Oxidation

Arsenic present in water can be found under two main speciations: As III (trivalent) and As V
(pentavalent). Depending on the redox potential of water in the attenuation pond, As III could be 
oxidized into As V. Before entering the As Removal Reactor, a KMnO4 (potassium permanganate) 
solution will need to be added to ensure oxidizing the trivalent As to a pentavalent form.

2.1.2.2 pH Adjustment 

To precipitate As, ferric sulfate has to be added. However, this reagent acidifies water. If inlet water 
does not have enough alkalinity, caustic soda has to be added to prevent pH decrease in the As
Removal Reactor. A pH of 7 is targeted for As uptake.

2.1.2.3 Arsenic Co-precipitation

The influent will be sent to the As Removal Reactor (RX75-3 from Veolia). In this reactor, the influent 
will be mixed with ferric sulfate (Fe2 (SO4)3) and recycled sludge to produce a slurry. The ferric sulfate 
forms a floc of ferric hydroxide (Fe (OH)3) which acts both as a bridge to tie colloidal particles together 
and as an active surface which forms surface complexes with many metals, including As. The ferric 
sulfate will also lower the pH in the vicinity of 7.0 where the surface complexation is optimal for As V.

A part of the sludge collected in Actiflo® is recycled in the As Removal Reactor to allow a longer contact 
time between As and iron (Fe) hydroxide sludge (ratio of sludge recycling 4:1). 

2.1.2.4 TSS Removal 

The slurry from the As Removal Reactor will flow to two Actiflo® units (ACP-700R). The proposed 
Actiflo® is designed to remove suspended solids and TSS from the raw. To allow a good clarification 
(settling rate of 60 m/h), the maximum flow for each Actiflo® should be 800 m3/h to respect the targeted 
settling rate (60 m/h). 

Actiflo® are sand-ballasted settling units with a high-rate coagulation/flocculation/sedimentation 
process that utilizes microsand as a seed for floc formation. The microsand provides a surface area 
that enhances flocculation and acts as a ballast or weight. The resulting floc settles very fast, allowing 
for compact clarifier designs with high overflow rates and short retention times. The use of microsand 
also allows the unit to perform well under dramatically changing flow rates without impacting final 
effluent quality.
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Figure 5 – Actiflo® Process

The slurry flows to the first tank section, the coagulation chamber, where the reaction is optimized. The 
coagulated water then overflows to a second tank section called the injection tank. There, the 
microsand and flocculent aid polymer are added. The microsand provides a large contact area for floc 
attachment and acts as ballast, thereby accelerating the settling of the flocs. The flocculent aid polymer 
binds the destabilized suspended solids to the microsand particles by forming polymer bridges. From 
the injection tank, the water underflows to a third tank section called the maturation tank. In this section, 
the microsand and sludge flocs agglomerate and grow into high-density flocs known as microsand 
ballasted flocs. 

From the maturation zone, the water overflows to the settling section of the tank. In the settling zone, 
the microsand ballasted flocs settle quickly to the bottom of the unit. In the settling zone, the settling
efficiency is further increased by the use of the lamella tubes. The clarified water exits the system via 
a series of collection troughs or wires. The clarified water is monitored for turbidity.

The sand-sludge mixture settles to the bottom of the clarifier. Scrapers force the sludge collected at the 
bottom of the clarifier into a centre cone from which it is continuously withdrawn and pumped to a 
hydrocyclone where the sludge and microsand are separated by centrifugal force. After separation, the 
higher density microsand is discharged from the bottom of the hydrocyclone and reinjected into the 
process for reuse. The lighter density sludge is discharged from the top of the hydrocyclone and 
directed to the sludge storage tank and recirculated into the As Removal Reactor or to the sludge 
management facilities.

Also, to maintain a good extraction of sludge and good sand recirculation, the recirculation pumps that 
are existing on both Actiflo® need to be upgraded. Indeed, the two pumps installed on each Actiflo®  
each have a pumping capacity of 34 m3/h which does not address recirculation requirements. To 
address the pumping needs, pumping rate for the extraction pumps needs are 70 m3/h each. This also 
means that the recirculation line and Hydrocyclone were changed (U10-gMAX-3037, Krebs). 
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The excess of sludge is then sent to the centrifuges (expected solid content at 3%).

2.1.3 Process summary for winter operation

During the winter months, the flow rate of the water to treat is significantly lower than in the summer 
months. These conditions require adjustments to the Actiflo® unit which is converted for the winter in 
a standard lamellar decanter also called Multiflo®. When in this mode, the system operates without 
microsand and without microsand recirculation. 

To modify the Actiflo® unit into the Multiflo® mode, microsand needs to be purged from the system. 
This is done by a sludge extraction pump that is added to the system.  Sludge treatment remains the 
same but centrifuge will operate less often than in the summer months. The sludge tank was designed 
to accept one day of water treatment at 84 m³/ h with a maximum concentration of 1000 ppm TSS 
(winter conditions, worse case TSS). Since the chemical dosage requirement is less (due to 10–15
times less flow to treat in the winter), different sets of skid/dosing pumps per chemical will be used to 
improve system robustness.

2.1.4 Sludge Management Strategy

The last step of the AsWTP system is the sludge dewatering, which aims to reduce sludge volume and 
produce a solid cake. The sludge from the Actiflo® is sent to a holding tank. As presented previously, 
a recirculation pump is added to recycle a portion of the sludge in the As Removal Reactor. The recycled 
sludge increases the reagent efficiency and promotes solid growth and thickens the sludge therefore 
avoiding the need to add a thickener equipment before the dewatering stage. The remaining sludge is 
pumped to a sludge storage tank which will feed the centrifuges inlet as shown on Figure 6.

The sludge from the sludge storage tank is pumped in two (2) centrifuges (Andritz D4L) in parallel, 
capable of producing a cake of about 25 ± 5% solid content. The sludge dryness is dependent on the 
dewatering method, TSS content in the influent, flow rate and nature of the solid particles. In addition 
to the solids included in raw water that enters the AsWTP, the sludge will contain adsorbed As and
ferric hydroxides from the coagulant addition. 

The centrifuge is fed continuously with constant solid content slurry. A cationic polymer is injected in 
the feed pipe to increase the cake dryness. The separation between liquid and solid is achieved using 
centrifugal forces 500 to 3000 times the force of gravity. Centrate contains cationic polymer and can be 
recycled upstream of the water treatment plant. The centrifuge is automatic such that minor manual 
operation is required.

The cake produced by the centrifuges will go into a container trailer, while the centrifuge filtrate is 
returned to the As Removal Reactor.

The volume of sludge will be 2–4 m3/h approximately (depending on the TSS concentration which can 
vary from 250 to 500 ppm).

The cakes will be disposed at the WRSF.
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2.1.5 Service Water System

The service water system consists of two (2) multimedia filters, two (2) heaters, one (1) filtered water 
tank and two (2) service water pumps. Service water is used in the preparation of dry chemicals and 
for polymer makeup systems. Coagulant and polymer require filtered heated water. Treated water from 
the AsWTP is used to produce service water.

2.1.6 Reagents

The main chemicals used in the AsWTP are presented below: 

KMnO4

The potassium permanganate will oxidize trivalent As (As III) to produce pentavalent As (As V) that is 
easier to precipitate and separate from water. The selected oxidant to oxide As is Hydrex 9571, it will 
delivered in a small bag of 25 kg (dosage 1 mg/L). A preparation system will be used to obtain the 
prescribed solution. The dosage will be performed using a mechanical diaphragm metering pump. 

Coagulant

The selected coagulant is Hydrex 6266, a ferric sulfate coagulant. It will be received in bulk bags.
Content will be dissolved in water. Sulfuric acid is required for the solution preparation. The dosage of 
coagulant would be 30 mg/L. The dosage will be performed using a mechanical diaphragm metering 
pump.

Sodium Hydroxide

The coagulant consumes alkalinity from the water. In the event that the water doesn’t contain enough 
alkalinity, an alkali source, such as sodium hydroxide, is added. The sodium hydroxide will be received 
in 25 kg bags and dissolved in water with a preparation system. The expected dosage is 10-15 mg/l.

Polymer

The use of a flocculation agent is essential for a metal removal process. Polymer enables the 
attachment of the floc onto the microsand and as such is required in order to obtain good process 
performance. The polymer will be Hydrex 6105 at a dosage rate of 1 mg/L. It is a solid, anionic polymer 
used to enhance flocculation and will be received in 25 kg bags. One existing Hydra-Pol automatic 
preparation system will be supplied to prepare a 0.2 % solution. The water used for the polymer 
preparation need to be filtered water at 10-20 °C. The automatic polymer preparation/dilution system 
is an automatically controlled batching unit capable of preparing polymers. The system utilizes 
sequential batching from a high shear first stage wetting system into a mix tank with a low shear mixer.

A second automatic polymer preparation system is required for the sludge dewatering step. The 
polymer type (cationic type Hydrex 3613/6324) dosage will be approximately 8 g/kg TSS.

Microsand

The presence of microsand allows:

o An increase in the probability of encounters between particles;
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o An increase in the exchange surface and consequently in the adsorption capacity 
compared to conventional flocculation;

o The formation of solid and dense ballasted flocs which will resist an energetic stirring 
followed by rapid settling.

These properties lead to very short residence times for flocculation as well as settling thus entailing 
great process. The microsand is recycled in the process but about 1 g/m3 of raw water need to be 
added, depending on initial turbidity. ActisandTM, the microsand, will be supplied in 25 kg bags and will 
be added manually to the Actiflo® as required, approximately once or twice a week.

Every spring, to switch from Multiflo to Actiflo®, 5000 kg of actisand will need to be added.

Sulphuric Acid

Sulphuric acid is used for ferric sulfate preparation. Sulphuric acid is a commodity and will be received 
in bulk containers of 1 m3 at 93 % concentration. Sulfuric acid has a freezing point of -30 °C. It is a 
hazardous product (class 8-corrosive) and needs to be handled accordingly. The product can be used 
as is and the dosage is done in using mechanical diaphragm metering pumps (7 mg/l approximately).

The MSDS sheets are provided at Appendix A.

2.1.7 Controls

In the summer months (July to September), the AsWTP will treat a higher volume of water resulting 
from the snow and ice melts. The raw water pumping station is designed to provide a total flow rate of 
up to 1600 m3/h with diesel pump. In the winter months (October to June), the AsWTP will treat a much 
lower flow coming primarily from pit seepages. The pumping station is designed to provide a maximum 
flow of 105 m3/h with electrical pump. Both winter and summer pumps are working on an ON/OFF mode 
that allows the flow to be constant during ON mode.

The raw water turbidity meter is used to monitor the water quality. An alarm is triggered when a high-
high turbidity is reached. The high-high turbidity alarm value is a setting that will be determined during 
the commissioning phase and will depend on the quality of the water to be treated.
Turbidity level and pH values in the effluent are monitored continuously with in-line instrumentation. If 
effluent concentrations reach a set point indicating that final effluent discharge criteria may be 
exceeded, an alarm is sent to the Operator, who will manage the system to meet effluent criteria. A 
second alarm is sent to the Operator if effluent concentrations reach a second set point that is just 
below the final effluent discharge criteria.

Addition of the required reagents is proportional to the influent water flow. Since this flow is constantly 
maintained, no manual adjustment is required. If the operator has to modify the influent water flow, 
adjustment of the reagent dosing system will be required to maintain the target dosage rate. The 
reagent dosing systems are equipped with pumps that maintain a constant flow rate when running at a 
constant frequency. The flow can be modified by changing the electric motor frequency. 

The reagent dosing system is equipped with valves and graduated cylinders allowing the Operator to 
measure the addition rate of the reagent using a stop watch. The Operator will determine the required 
flow of a specific reagent by a formula based on influent flow rate. Based on this calculation, a manual 
adjustment to the reagent pump will be done in order to obtain the required dosage. Initially, the formula 
will be based on laboratory testing and will be adjusted accordingly to the treatment plant performance.
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More information on instrumentation can be found in Appendix B.
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3 OPERATION AND MAINTENANCE

3.1 PUMPING

The system includes mainly pumps for the operation of the AsWTP. Some of these pumps are equipped 
with a variable frequency drive (VFD) that could be adjusted by the Operator or by an automatic system. 
In all cases the pumps can only be started by the Operator.

All pumps are regularly inspected by the Operator who will ensure the pumps continue to operate 
efficiently and will address any deficiencies. If the pumps require maintenance, the Operator will report 
the situation and take appropriate action. Some of the pumps are installed with a standby unit that 
allows the Operator to switch from one pump to the other if necessary. In some situations, it may be 
necessary to temporarily shutdown the AsWTP for servicing of the equipment.

A preventative maintenance program, as recommended by the pump supplier, will be followed by the 
Maintenance Crew to ensure the pumps are always kept in good working order.

3.2 REAGENT MIXING

The reagent mixing system is fully automated system. The only requirement is to change the reagent 
bag when it is empty. Since one bag will last for many days, daily verification of the dry reagent level is 
sufficient to ensure stable operation of the process.

During the daily inspection, the Operator will monitor the different reagent systems and prepare 
additional reagent, as required, according to the reagent preparation procedures. The water levels in 
the mixing and distribution tanks are connected to the control system, which will ensure sufficient water 
is supplied to the reagent preparation systems. In the event of a lack of water supply, a low level alarm 
will occur to notify the Operator.

Preventive maintenance of the mechanical equipment will be performed according to the supplier 
operating manual specifications. Chemical dosage will be optimized to improve the AsWTP efficiency 
over the time.

3.3 CENTRIFUGES

Centrifuges will be operated when the sludge tank are full. In summer, the centrifuge will be operated 
in continuous. However, the frequency to use centrifuge will depend on the TSS concentration in the 
feed water. 

3.4 EFFLUENT QUALITY CONTROL

The Operator will conduct regular inspections of the entire operating system to ensure it operates as 
intended. Any upset condition will be reported immediately by the Operator and corrective actions will 
be applied accordingly. The Operator will also record process key values that will allow the process to 
be optimized and any discrepancies between the process and expected performances to be detected.

The quality of the final effluent is monitored on a continuous basis by pH and turbidity (Nephelometric 
Turbidity Unit (NTU)) probes. The turbidity measurement is an indirect indication of the TSS in the 
water, and will be used to infer the effluent TSS. Agnico Eagle is committed to proactive and effective 
response to any potential TSS problems; the monitoring program has been designed to provide quick 
feedback. Based on experience at the Meadowbank Mine, this is not possible using TSS as a direct 
measure, because of the time required to analyze TSS in the field. Consequently, and consistent with 
the recommendations of the DFO (DFO, 2000), Agnico Eagle has developed a relationship between 
turbidity and TSS, allowing the use of turbidity as a surrogate for TSS and obtaining real time results. 
The TSS-turbidity relationship was developed using paired data collected across a range of TSS 
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sources and concentrations and previously approved in the Meadowbank Water Quality Monitoring and 
Management Plan for Dike Construction and Dewatering. The resulting linear regression was as 
follows:

log10(turbidity) = 0.62196 + (0.95619 * log10(TSS)) [p<0.001; r2-adj = 0.81

The output of these instruments (turbidity and pH) will send an alarm indicating that the levels are higher 
than the set point, but lower than the maximum discharge criteria. This allows the Operator to act on 
the process before the limit is exceeded. In the event that the discharge limit is about to be reached, a
second alarm will send a signal to the Operator. The system will be equipped with an uninterruptable 
power supply for instrumentation and controls.

The final effluent will be sampled for water quality following the frequency and parameters stipulated in
the NWB Water License and the Metal and Diamond Mining Effluent Regulations (MDMER) and sent 
to a certified laboratory for analysis. The results generated by the laboratory will be compared with 
those obtained with the plant instrumentation to detect any deviations. All the probes and 
instrumentation within the plant will be calibrated and serviced as per the preventative maintenance 
program.

As stipulated in the Type A Water License and the Metal Mining Effluent Regulations (MDMER), the 
final effluent discharged shall not exceed a pH range between 6.0 and 9.5 and a maximum average 
concentration for TSS of 15 mg/L, and for As of 0.1 mg/L. The Table 1 presents the treatment 
requirement from Licence A. Note that only pH, TSS, As and Fe will be treated within the AsWTP. 

Table 1: Water quality requirement

Parameters Unit Monthly Mean 
Concentration 

Maximum 
Concentration in a 

Grab Sample 

pH - 6.0–9.5 6.0–9.5
Total Suspended Solids (TSS) mg/l 15 30
Total Dissolved Solids (TDS) mg/l 1400 1400
Total Ammonia (NH3-N) mg-N/l 16 32
Total Phosphorus (P) mg-P/l 0.3 0.6
Aluminium (Al) mg/L 0.5 1
Arsenic (As) mg/L 0.1 0.2
Cadmium (Cd) mg/L 0.002 0.004
Chromium (Cr) mg/L 0.02 0.04

Copper (Cu) mg/L 0.1 0.2 

Iron (Fe) mg/L 1 2
Lead (Pb) mg/L 0.05 0.1
Mercury (Hg) mg/L 0.004 0.008
Nickel (Ni) mg/L 0.25 0.5
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Zinc (Zn) mg/L 0.1 0.2
Total Petroleum Hydrocarbons
(TPH) mg/L 3 6

3.5 MONITORING

To ensure efficiency of As-WTP, samples of water must be collected periodically. Table 2 presents 
sampling schedule to assess that performance comply with operational target values. 

Table 2: Monitoring program for operational efficiency assessment.

Parameters Frequency Aim 
Process follow-up

Flow rate - volume Daily
Process 
performance

TSS feed concentration
Daily Process 

performance

Feed turbidity
Daily Process 

performance

Feed pH
Daily Process 

performance

Treated water turbidity and TSS
Daily Process 

performance

Treated water pH
Daily Process 

performance

Centrifuge cake solid percentage and 
volume

Daily Process 
performance

Actiflo sludge solid percentage and volume
Daily Process 

performance
Regulatory follow-up

Attenuation Pond (feed of As-WTP) –
Group 1*

4 time per 
year Licence A

Treated water after As-WTP - Volume Daily Licence A

Treated water after As-WTP – Field 
measurement

Weekly Licence A

Treated water after As-WTP – Group 1 Weekly Licence A
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3.6 TROUBLESHOOTING AND MAINTENANCE PROCEDURES

The sections below outline the general operational and maintenance procedures at the plant; further 
details are available in the manufacturer’ operating manuals in Appendix C.

The operation of the Actiflo® process is relatively simple and a visual inspection will determine whether 
the process is performing as expected. A critical component of the process for monitoring is the 
maturation tank. The agitator of this tank is equipped with a VFD and the speed is adjusted to obtain a 
gentle mixing in this tank. When the process is operated correctly, big flocs of about 5 mm are visible 
in the tank and moving slowly. The agitation must be adjusted in a way that the flocs are maintained in 
suspension and not broken down. The water between the flocs should look clear. If flocs are visible but 
the water is cloudy, it is an indication that the coagulant dosage is insufficient. If the water is clear but
the flocs are small, it is an indication that the flocculant addition is insufficient.

The system must also contain enough micro-sand to obtain flocs that are heavy enough to sink in the 
clarifier section. If large flocs are visible but are present at the top of the clarifier, this is an indication of 
insufficient micro-sand. Usually, the micro-sand load is maintained by adding one bag at a time. The 
frequency of the addition of micro-sand is determined by trial and error. There is no environmental issue 
with an excessive addition since it would be compensated by an increased loss within the sludge.

The hydrocyclone is also an important part of the system since it allows the micro-sand to be recycled
in the system. The underflow of the cyclone should never be blocked and the flow should have an
umbrella shape.

Centrifuges have to be periodically inspected to evaluate the wear of rotating part. In case of premature 
wear, replacement of the part will be required to assure an efficient operation of the centrifuge.

3.7 DAY-TO-DAY OPERATION

The Table 3 presents the daily operation of the As-WTP that operator should performed. 

Treated water after As-WTP – Group 1 
MMER**

4 times 
per year

Licence A

Treated water after As-WTP - Group 3 
MMER toxicity (Rainbow Trout and 
Daphnia magna)

1 before 
discharge 
the 
monthly

Licence A

Treated water after As-WTP - Group 3 
Sub-lethal toxicity

2 times 
per year

Licence A

* Group 1- pH, turbidity, hardness, alkalinity, ammonia nitrogen, total metals (aluminum, arsenic, 
barium, cadmium, chloride, chromium, copper, fluoride, iron, lead, manganese, mercury, 
molybdenum, nickel, nitrite, nitrate, selenium, silver, thallium, zinc) sulphate, TDS, TSS. 

**  Group 1 MMER - Arsenic, copper, lead, nickel, zinc, total suspended solids, pH, effluent 
volumes and flow rate of discharge

24



Operation & Maintenance Manual 
Arsenic Water Treatment Plant

November 2018

Every day, the items 1 to 4 should be performed by the operator to ensure an optimal As-WTP 
operation. 
Item 5 of the table 2, will be periodically performed according to the supplier recommendations. This 
preventive maintenance will allow keeping the As-WTP in good conditions. 
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Table 3: Routine Operation and Maintenance Checkups

Item Item Action Comments 

[1] 
Process 
parameter

Flow rate Daily -
Flow rate totalizer Daily Volume discharge
TSS feed concentration Daily For chemical adjustment 
Feed turbidity Daily For chemical adjustment
Feed pH Daily For chemical adjustment
Treated water turbidity and TSS Daily Quality control
Treated water pH Daily Quality control
Duration of the operation Daily -
Actiflo sludge solid percentage Daily Dewatering performance
Cake solid percentage Daily Dewatering performance
Volume of sludge per day Actiflo Daily Dewatering performance
Volume of cake per day Daily Dewatering performance

[2]
Chemical

Security and PPI
Daily Verify/use PPI and security procedure to 

manipulate chemical
Coagulant set point Daily Chemical consumption
Polymer anionic set point Daily Chemical consumption
Polymer cationic set point Daily Chemical consumption
Permanganate set point Daily Chemical consumption
Caustic set point Daily Chemical consumption

Microsand concentration Daily Chemical consumption – add micro sand if 
needed

Coagulant bag used Daily Recharge make down system if required
Polymer anionic bag used Daily Recharge make down system if required
Polymer cationic bag used Daily Recharge make down system if required

Microsand bag used Daily Add sand if concentration too low in the 
Actiflo

Permanganate bag used Daily Recharge make down system if required
[3]
Environment

Weather Daily -
Temperature of water Daily -

[4]
Mechanical 

Complete Visual Inspection 
before Start-Up

Daily Complete a good inspection before 
operating. 
Ensure that no alarms are active on the 
PLC. Ensure equipment is in good order, 
with no leaks and all safety devices are in 
place.

Complete Inspection 
after Start-Up

Daily Complete a good inspection while in 
operation. 
Ensure that no strange noises are audible. 
Make sure auxiliary equipment (valves & 
level probe) and PLC operate correctly. 
Look, Listen, Smell, and Feel.

Water Flow comparison Daily Compare flowmeter VS water level 
Pressure Daily Feed and discharge line

Visual Leak On Piping Daily Ensure not water leaks are visible on the 
piping

Sump Level Daily Empty sump if needed

26



Operation & Maintenance Manual 
Arsenic Water Treatment Plant

November 2018

[4]
Mechanical

Pump and centrifuge Speed Daily Verify they are at the appropriate value

Manual Valve at 
the pump discharge

Daily Ensure manual valve is fully open at the 
pump discharge. Valve must be fully open to 
avoid premature wear.

Building
Daily Ensure the wall exhaust fans are 

operational. Excess of humidity must be
evacuated outside.

PLC functionality - alarm Daily No abnormal operation. Solve each alarm
Centrifuge operation duration Daily -

[5]
Maintenance

Lamella cleaning As needed Clean lamella when As-WTP is off line
Hydrocyclone wear part 
replacement As needed According to supplier (approx. 1-2 per year)

Dosing pump calibration As needed, monthly 
approx. Verify set point VS real flow rate

Metering pumps, Scraper, 
mixer, Pump, centrifuge 
maintenance

Periodically, 2 per 
year approx. 

According to supplier recommendations. 
Grease several time a year (approx. 3 per 
months). In case of major maintenance or 
malfunction, the use standby equipment. 
Critical spare part will be kept in inventory 
for process which are not redundant.

Instrumentation calibration Periodically –
monthly approx.

Turbidity meter, pH meter, According to 
supplier recommendations

Instrument cleaning Periodically –
monthly approx.

Turbidity meter, pH meter, According to 
supplier recommendations

Pumps, Metering pumps,
Scraper, mixer, centrifuge oil 
change

Every 3 months 
approx. According to supplier recommendations

Winterization
If As-WTP need to 
be shut down for 
long period of time.

Flush – drain – clean equipment, dosing skid 
cleaning, instrumentation (leaning, 
disconnecting and draining if needed), air 
network to be purged, shut down power.

Motor bearing Every year approx. Change/reaper  according to supplier 
recommendations

3.8 RECORD KEEPING

Records of the operational and maintenance and sampling procedures will be accessible to assist in 
the evaluation of the AsWTP performance. Details of any maintenance undertaken at the AsWTP will 
also be recorded.

The volume, pH, turbidity and temperature of effluent discharged to environment will be recorded on a 
continuous basis. The data will be saved on a network data base.

3.9 SAFETY PROCEDURES FOR OPERATORS

Operators working in the AsWTP facility must be trained prior to work so that they are aware of the 
health and safety risks as well as the operational procedures associated with the AsWTP. The following 
are important safety considerations:
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Working within the plant, especially with chemicals, requires adequate personal protective 
equipment (PPE) for Operators. This includes wearing steel toed boots, hard hat, rubber 
aprons, safety glasses with side shields and gloves.
Operators are required to conduct good housekeeping of the working area to minimize the risk 
of incidents.
Lock-out/tag-out procedures must be applied when servicing equipment.
The MSDS for reagents used in the AsWTP will be readily available for the Operator at all 
times.
Eyewash stations are located within proximity of reagent systems in the AsWTP.

3.10 CONTROLLING ACCESS TO THE ASWTP

Access to the AsWTP will be restricted to authorized personnel only. Signs will be posted at the AsWTP
entrance.
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4 EMERGENCY RESPONSE

4.1 FIRE

In case of fire at the AsWTP, the on-site emergency response team (ERT) will be notified as per Agnico 
Eagle’s protocol. Instructions from the on-site emergency response team will be followed by all 
personnel at the AsWTP. Further details of fire response are provided in the “Risk Management &
Emergency Response Plan”. The AsWTP will include the necessary fire safety protection measures in 
accordance with the Nunavut and North West Territories Mine Act.

4.2 SPILL

Spill kits and the necessary secondary containment will be provided within the building of the AsWTP.
In the event of a spill at the AsWTP, the Environment Department will be notified immediately and 
provide support, as required. In the event of a large spill, the on-site ERT will be notified as per Agnico 
Eagle’s protocol. Instructions from the ERT will be followed by all personnel at the ASWTP. A spill kit 
will be available at the AsWTP. All spills will be reported and treated according to the “Spill Contingency 
Plan”.

4.3 PLANT MALFUNCTION

If there is a major problem or failure in the AsWTP, it will be likely due to a problem with the reagent 
addition systems caused by the malfunction of the pump or due to a cyclone blockage on the sludge 
reclaim system.

In the case of an operational upset, the most likely consequence could be an increase of TSS and As
in the effluent. This would be managed by adjusting the feed flow rate, dosage of chemical. Once the 
problem is resolved and the water quality returns to concentrations within discharge criteria, the valves
will be re-opened to allow discharge to environment.

In the case of a cyclone underflow blockage, the micro-sand will be completely lost to the rejected 
sludge. New sand will then need to be added.

Two centrifuges will be operated in parallel. In case of one centrifuge malfunction, the other one can 
continue to be operated during the maintenance of the other.
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Working within the plant, especially with chemicals, requires adequate personal protective 
equipment (PPE) for Operators. This includes wearing steel toed boots, hard hat, rubber 
aprons, safety glasses with side shields and gloves.
Operators are required to conduct good housekeeping of the working area to minimize the risk 
of incidents.
Lock-out/tag-out procedures must applied when servicing equipment.
The MSDS for reagents used in the AsWTP will be readily available for the Operator at all 
times.
Eyewash stations are located within proximity of reagent systems in the AsWTP.

3.10 CONTROLLING ACCESS TO THE ASWTP

Access to the AsWTP will be restricted to authorized personnel only. Signs will be posted at the AsWTP
entrance.
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4 EMERGENCY RESPONSE

4.1 FIRE

In case of fire at the AsWTP, the on-site emergency response team (ERT) will be notified as per Agnico 
Eagle’s protocol. Instructions from the on-site emergency response team will be followed by all 
personnel at the AsWTP. Further details of fire response are provided in the “Risk Management &
Emergency Response Plan”. The AsWTP will include the necessary fire safety protection measures in 
accordance with the Nunavut and North West Territories Mine Act.

4.2 SPILL

Spill kits and the necessary secondary containment will be provided within the building of the AsWTP.
In the event of a spill at the AsWTP, the Environment Department will be notified immediately and 
provide support, as required. In the event of a large spill, the on-site ERT will be notified as per Agnico 
Eagle’s protocol. Instructions from the ERT will be followed by all personnel at the ASWTP. A spill kit 
will be available at the AsWTP. All spill will be reported and treated according to the “Spill Contingency 
Plan”.

4.3 PLANT MALFUNCTION

If there is a major problem or failure in the AsWTP, it will be likely due to a problem with the reagent 
addition systems caused by the malfunction of the pump or due to a cyclone blockage on the sludge 
reclaim system.

In the case of an operational upset, the most likely consequence could be an increase of TSS and As
in the effluent. This would be managed by adjusting the feed flow rate, dosage of chemical. Once the 
problem is resolved and the water quality returns to concentrations within discharge criteria, the valves
will be re-opened to allow discharge to environment.

In the case of a cyclone underflow blockage, the micro-sand will be completely lost to the rejected 
sludge. New sand will then need to be added.

Two centrifuges will be operated in parallel. In case of one centrifuge malfunction, the other one can 
continue to be operated during the maintenance of the other.
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Appendix A: Reagent MSDS Sheets
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Appendix B: Drawings
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GENERAL DESCRIPTION 

AEM is currently developing the Amaruq Mine in Nunavut Canada as an open pit mine. With this 
new mine development AEM currently has a requirement to treat for TSS and Arsenic (As) 
concentration which is also expected to rise up. Therefore, an As and TSS treatment system is 
required before discharging the surface water to the environment.  

The proposed treatment system includes: 

A new metal precipitation reactor. The purpose of this step is to precipitate the 
arsenic. The influent is sent to the Arsenic Removal Reactor. In this reactor, the influent 
water is mixed with ferric sulfate (Fe2(SO4)3). The ferric sulfate forms a floc of ferric 
hydroxide (Fe(OH)3) which acts both as a bridge to tie colloidal particles together and 
as an active surface which forms surface complexes with many metals, such as arsenic. 
The ferric sulfate also lowers the pH in the vicinity of 7.0 where the surface 
complexation is optimal for arsenate. In summer operation (ACTIFLO mode), some 
sludge from the sludge splitter box that collects the sludge from the ACTIFLO’s is 
recycled to the metal precipitation reactor. This sludge recirculation makes it possible 
to increase the efficiency of the reactor and thereby reduce its size and especially 
prevent from having to use two units during the operation in ACTIFLO mode (high flow 
rate). 

Two ACTIFLO’s (reused from the Meadowbank site). The water from the Metal 
Precipitation Reactor flows to the existing ACTIFLO’s. The ACTIFLO is designed to 
remove suspended solids from the raw water. Sand-ballasted settling is a high-rate 
coagulation/flocculation/sedimentation process that utilizes microsand as a seed for 
floc formation. The microsand provides a surface area that enhances flocculation and 
acts as a ballast or weight. The resulting floc settles very fast, allowing for compact 
clarifier designs with high overflow rates and short detention times. The use of 
microsand also permits the unit to perform well under dramatically changing flow rates 
without impacting final effluent quality. The water flows to the first basin, the 
coagulation chamber where the reaction is optimized. The coagulated water then 
overflows to a second tank section called the injection tank. There, the microsand and 
flocculant aid polymer are added. The microsand provides a large contact area for floc 
attachment and acts as a ballast, thereby accelerating the settling of the flocs. The 
flocculant aid polymer binds the destabilized suspended solids to the microsand 
particles by forming polymer bridges. From the injection tank, the water underflows to 
a third tank section called the maturation tank. In this section, the microsand and 
sludge flocs agglomerate and grow into high-density flocs known as microsand 
ballasted flocs. From the maturation zone, the water overflows to the settling section of 
the tank. In the settling zone, the microsand ballasted flocs settle quickly to the bottom 
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of the unit. In the settling zone, the efficiency of settling is further increased by the use 
of the lamella tubes. The clarified water exits the system via a series of collection 
troughs or weirs. The clarified water is monitored for turbidity and is discharged by 
gravity to the clarified pump station. The sand-sludge mixture settles to the bottom of 
the clarifier. Scrapers force the sludge collected at the bottom of the clarifier into a 
centre cone from which it is continuously withdrawn and pumped to hydrocyclones 
where the sludge and microsand are separated by centrifugal force. After separation, 
the higher density microsand is discharged from the bottom of the hydrocyclone and 
reinjected into the process for reuse. The lighter density sludge is discharged from the 
top of the hydrocyclone and directed to the sludge management facilities. Also, to 
maintain a good extraction of sludge and good sand recirculation, the recirculation 
pumps on both existing ACTIFLO® units have been upgraded. The two 34 m³/h each 
pumps installed on each ACTIFLO® from the Meadowbank project have been replaced 
by two new 70 m³/h extraction pumps. This means that the recirculation line and 
hydrocyclones also had to be replaced. 

A new sludge dewatering system. The dewatering step aims to reduce sludge volume 
and produce a solid cake. In summer operation, the sludge from the two Actiflo’s is sent 
to a sludge splitter box (existing tank reused). The sludge overflow of the splitter box 
flows back to the Metal Precipitation Reactor. The recycled sludge increases the 
reagent efficiency and promotes solid growth. It also helps to optimise the contact time 
between ferric hydroxide and arsenic to improve adsorption (this physical process is 
taking about an hour). It also thickens the sludge, so no thickener equipment is 
required before the dewatering stage. The remaining sludge is pumped to a storage 
double tank which is used as a feed tank to the centrifuges. In winter operation, the 
sludge from the Actiflo’s (used as Multiflo’s) is pumped directly to the storage double 
tank without going through the sludge splitter box and without being recirculated to 
the metal precipitation reactor. Then, both for summer and winter operation, the 
sludge from the storage double tank tank is pumped into two centrifuges capable of 
producing a cake of about 20±5 % dryness. The sludge dryness is dependent on the 
dewatering method, TSS content in the influent, flow rate and nature of the solid 
particles. In addition to the solids included in raw water, the sludge will contain 
adsorbed arsenic as well as ferric hydroxides from the coagulant addition. The lower 
the hydroxide fraction, the greater the dry solid content is achieved in the cake. The 
final cake dryness must be defined by carrying laboratory tests. The centrifuges are fed 
continuously with constant solid content slurry. A cationic polymer is injected in the 
feed pipe to increase the cake dryness. The separation between liquid and solid is 
achieved using centrifugal forces 500 to 3000 times the force of gravity. The thickened 
sludge produced by each centrifuge is carried away to a container for disposal through 
a screw conveyor. Centrate from the centrifuges and from the screw conveyors flows 
by gravity to sump pump pits. Centrate contains cationic polymer and can be recycled 
back upstream of the water treatment plant, in the metal precipitation reactor. 
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A new potassium permanganate (KMnO4) preparation and dosing system. KMnO4 is 
used to oxidize the arsenic trivalent to produce arsenic pentavalent that is much easier 
to precipitate and separate from water. The selected oxidant to oxide As is 
Hydrex 9571. It is delivered dry in bags of 25 kg. The solution preparation is be made 
using a new manual make-up system. The dosage is performed using a new dosing skid 
equipped with mechanical diaphragm metering pumps. The KMnO4 dosing point is 
located upstream from the precipitation reactor. 

A coagulant dosing system. The selected coagulant is Hydrex 6266, a ferric sulfate 
coagulant. It will be received in bulk bags. The existing coagulant preparation system 
from the Meadowbank site is reused. For summer operation, the dosage is performed 
using a new dosing skid equipped with mechanical diaphragm metering pumps. For 
winter operation, the existing dosing system with progressive cavity pumps from the 
Meadowbank site is reused. The coagulant dosing point is located in the metal 
precipitation reactor. 

A sulphuric acid dosing system. Sulphuric acid is used for ferric sulfate preparation 
(coagulant). Sulphuric acid is a commodity and will be received in bulk containers of 
1 m3 at 93 % concentration. The product can be used as is and the dosage will be 
performed using a new dosing skid equipped with mechanical diaphragm metering 
pumps. The sulphuric acid dosing point is located in the maturation tank of the 
coagulant preparation system. 

A caustic soda (NaOH) preparation and dosing system. The coagulant consumes 
alkalinity from the water. In the event that the water doesn’t contain enough alkalinity, 
an alkali source, such as sodium hydroxide, will need to be added. The sodium 
hydroxide will be received dry in 25 kg bags. The existing preparation and dosing 
systems from the Meadowbank site are reused. The NaOH dosing point is located 
upstream from the precipitation reactor. 

An anionic polymer preparation and dosing system. The use of a flocculation agent is 
essential for a metal removal process. Polymer enables the attachment of the floc onto 
the microsand and as such is required in order to obtain good process performance. 
The polymer will be Hydrex 6105 or equivalent. It is a solid anionic polymer used to 
enhance flocculation and will be received in 25 kg bags. The existing Hydra-Pol 
automatic preparation system from the Meadowbank site is reused to prepare a 0.25 % 
solution. The automatic polymer preparation/dilution system is an automatically 
controlled batching unit capable of preparing polymers. For winter operation, the 
anionic polymer dosing system from the Meadowbank site is reused. For summer 
operation, a new dosing system with 3 dosing skids is used. The existing polymer 
preparation from the Meadowbank site is also reused for summer operation. The 
anionic polymer liquid solution injection points are located in the injection and 
maturation tanks of the two ACTIFLO’s. 
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A cationic polymer preparation and dosing system. Cationic polymer is required for 
the sludge dewatering step. A new Hydra-Pol automatic preparation system is used to 
prepare a 0.3-0.5 % solution. The water used for the polymer preparation needs to be 
filtered water with temperature between 10- 20 °C. The automatic polymer 
preparation/dilution system is an automatically controlled batching unit capable of 
preparing polymers. A new dosing system with 3 dosing skids is used.  The cationic 
polymer liquid solution injection points are located upstream from the two centrifuges. 
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SAFETY

1 GENERAL

It should be recognized that potential hazards exist in any processing system.  By 
including this section in the operating manual, Veolia Water Technologies Canada Inc. is 
in no way attempting to override the plant safety rules laid out to the employees by their 
employer.  However, because of our concern for good, efficient operation of the 
equipment furnished, we recognize our obligation to point out certain hazards.  We also 
recognize that this section cannot cover every possible hazard; rather, it merely points 
out some of the most common and important ones.

In each plant, the hazards vary slightly because of the particular chemical or material 
that is being processed. However, there are some safety recommendations that apply to 
all operations.  These hazards can be broken down into three general areas, namely 
utility hazards (compressed air, electrical, etc.), equipment hazards, and chemical 
hazards.  These three areas will be covered separately in the following sections.

One of the most important ways to avoid hazards is to have a good understanding of the 
process.  Familiarity with the system and good common sense will enable operators to 
run the system smoothly and safely.

WHMIS Safety Data Sheets (SDS) should be available for each chemical product.

2 OPERATION AND MAINTENANCE MANUAL

It is important that the operator has understood the instructions of use, security and 
maintenance before using the Veolia Water Technologies Canada Inc. system. The 
manufacturer can not be held responsible for use or improper maintenance resulting 
from a breach or non-compliance with instructions. The Operation and Maintenance 
manual contents must be kept permanently close to Veolia Water Technologies Canada 
Inc. system in a safe place.

3 PLANT SAFETY PROCEDURES

As stated earlier, the safety rules and guidelines issued to the employees are the 
primary precautions that are necessary for the prevention of accidents.  The employee 
should be very familiar with these rules. The safety pictograms used in the plant are to 
be respected at all times.

Operators should always wear the safety equipment that is provided or required by their 
management.  Such items as hard hats, safety shoes, safety glasses, gloves, breathing 
protection, protective clothing, protection harness and hearing protection are very basic 
and go a long way in preventing accidents.
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Operators should be aware of the location of fire extinguishers, eye wash stations, safety
showers, self-contained breathing apparatus, first aid stations, and other safety 
equipment furnished for the plant.

Good housekeeping will also eliminate safety hazards such as tripping or slipping. When 
spills happen, the floor should be washed as soon as possible.  When construction or 
maintenance is finished, removing debris also eliminates a hazard.  Proper 
housekeeping is a good indication of safety attitude in general.

Management provided training can always help in making employees more safety 
conscious.  In these seminars, potential hazards can be pointed out.  Veolia Water 
Technologies Canada Inc. will be glad to assist these efforts by furnishing details on its 
equipment relating to safety as well as on its operation.

Investigation of an accident to determine its cause will help to prevent the same accident 
from occurring again and will aid in finding a way of correcting or eliminating the hazard.

Remember, safety rules provided by your employer are designed to protect you and 
should be strictly adhered to.  However, as an operator, safety is your responsibility and 
you should voice any concerns you have and follow through until corrective action is 
taken.

4 UTILITY HAZARDS

Utility hazards that may exist in the plant may include high-pressure/high-temperature 
steam, high-voltage electricity, high-pressure water, and high pressure air.  Care should 
be taken when utilizing any of the utilities.

4.1 Steam
Any time steam is used the potential for burns exist.  The recommended first aid for 
burns is to first apply ice or cold water directly to the burn and then cover the area with 
cool, moist application gauze or bandage material to minimize blistering.  If burns are 
critical (second and third degree), transport the injured person to a medical facility 
promptly.

Hot surfaces in areas frequented by personnel should be covered with insulation for 
protection.  When hot surfaces must be left exposed, such as steam valves or sight 
glasses, operators should be warned of the potential hazard displaying pictograms, 
training, and supervision. 

Steam valve packing, steam traps, and pipe fittings that are leaking should be brought to 
the attention of supervision and repaired as soon as possible. Instrumentation 
connections and pipeline for steam should be piped with good connections.  Valves 
should be tagged and locked out on equipment that is being worked on where steam is 
used to prevent someone from opening the valve.  At times, steam is used for cleaning 
lines.  Operators should make sure that if hoses are used, they are designed for steam 
service.  Make sure the connections are tight and do not leak.
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Drain and sample connections should be suitably identified and piped with proper 
fittings.  Rupture discs, pressure relief valves, and steam trap discharges should be 
suitably identified and piped in such a way that they do not release steam in an area of 
access.  These must also be periodically checked to make sure that they are in good 
working order. Precautions should be taken to prevent accidental release of 
pressurization, which could injure personnel.  Water or steam hammering in steam lines 
should be investigated for the source and stopped as soon as possible to prevent 
rupture.

4.2 Electrical
As with steam, electrical equipment should never be worked on unless it is turned off 
and locked and tagged out.  The lockout system key should belong to the person doing 
the repair or the on-site electrician.  This will remove the potential danger for electrical 
shock or accidental start-up.

Electrical hazards fall into three categories: shock, burn, and fire.  The severity of 
electrical shock is dependent on several items, such as the nature of the electrical 
impulse and the path that the shock takes through the body.  Burns are those caused by 
contact with electrical current.  Fire is where a chemical or gas burns or explodes when it 
comes in contact with an electrical spark.

General first aid for electrical burns is as follows:

Remove the victim from contact with the electrical current without coming into 
contact with the current yourself.

Check for cardiac arrest or respiratory failure.

Check for points of entry and exit of current.

Cover burned surface with a clean dressing.

Splint all fractures.

Treat for physical shock.

Transport to a medical facility promptly.

Except for very low voltage exposure (below 24 V) and very low body current (below 0.2 
mA), it is difficult to state safe limits for electrical exposure.  Even these low energy 
exposures can be traumatic for people with heart diseases.

Even though most electrical motors and switch boxes are designed to be water tight, it 
must be recognized that the presence of water around electrical equipment always 
presents a hazard and therefore should be used with care.
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4.3 High Pressure Water
In the case of some pumps, cooling devices, and heat exchanger, high pressure water is 
used.  As with steam, high pressure water can be a hazard if a small leak is not repaired.

Only the proper pressure fittings should be used in the piping system. As stated earlier, 
leaks should be repaired as soon as possible.  Isolation valves on piping that are being 
repaired should be shut tight and locked out.  As with electrical repairs, the lockout 
system key should be in the possession of the individual working on the piping.

4.4 Plant Air
Care should be taken when using plant air to clean equipment, unblock lines, or blow 
dust off personnel.  High pressure air can be very dangerous to personnel, especially in 
the area of the face.  Pressure should be reduced before using the air to blow dust off 
clothing.  Make sure all fittings have good connections and cannot blow loose.

5 EQUIPMENT HAZARDS

5.1 Rotating parts, Hazardous Areas and Confined Spaces

Rotating parts
Since the system includes equipment with rotating parts (eg pumps, mixers, etc.)  
Operators should avoid wearing loose clothing and jewellery. Loose clothing can present 
one of the biggest safety hazards that exist when working near equipment in process.  

Sharp or protruding surfaces are normally eliminated at areas frequented by personnel.  
When present in an operating area, the surface should be covered for protection and 
clearly marked to minimize the danger of contact.

Equipment that is likely to generate high noise levels should be insulated and/or isolated
for personal access.  If personnel must enter a high noise area, they will wear hearing 
protection.

Confined Spaces
Before entering or breaking the plane of any vessel, be sure to check if it is a potential 
Confined Space and if a permit is required for entrance. Vessels that require a Confined 
Space Entry Permit may include but are not limited to flash tanks, heaters, condensers, 
and storage tanks.
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5.2 Operation and Maintenance
The equipment in its normal use can present a hazard if not operated or repaired in a 
safe manner.  Example of equipment: pumps, valves, instruments, hoses, etc.  

All equipment should only be operated and repaired according to the recommended 
procedures of the manufacturer, and by qualified individuals.  For further information on 
equipment maintenance procedures, proper maintenance tools, and/or the Personal 
Protective Equipment required, Section 3 - Equipment of this manual should be 
referenced.

Only recommended spare parts should be used.  For instance, when replacing a gasket, 
verify the proper gasket is selected (pressure steam, corrosive, etc.).

In the repair or replacement of Veolia Water Technologies Canada Inc. furnished 
equipment, Veolia Water Technologies Canada Inc. specifications should be checked to 
make sure the correct pressure rating is used.

Maintenance on pumps, piping, etc. should be performed only after valves are locked 
and tagged or slip blanks are installed to completely isolate the equipment being worked 
on.  Instrumentation and controls should always be kept in good working order to help 
assure the safe operation of equipment. Never remove instruments or controls out of 
service until having communicated with the operator and have established a plan to 
define the operation maintenance steps. If air operated valves are used for isolation, the 
air line should be removed to prevent inadvertent operation of the valves. When possible 
the valve can also be locked in position.

When maintenance is finished on equipment, the protective caps provided must be 
reinstalled. If a protection must be left off, unwary personnel should be notified by using 
safety pictograms or installing temporary protection. Equipment should never be 
inspected or maintenance attempted while the equipment is operating.  All pumps and 
various automatic valves may cause harm to an operator if care is not taken.

Before starting the equipment, the operator must verify if the maintenance staff has 
completed the work, if the pumps are not locked or frozen and whether bare electrical 
wires are present. He must also check the pipes to ensure there are no leaks and should 
clean all debris 
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6 CHEMICAL HAZARDS

WHMIS Safety Data Sheets (SDS) should be available for each chemical product.

Since chemicals or chemical dosage are used during normal operation of treatment 
facility, the risks of fire, explosion and exposure to toxic chemicals or chemical burns are 
present. Chemicals that may be used regularly or, for instance, during cleaning 
including, without limitation, acids, caustics, polymers, ozone, coagulant and microsand.  
Operators should be made aware of the following:

All chemicals which are used and any potentially dangerous reaction that could 
occur.

Toxicity of all chemicals that are used or could be formed via reactions.

Acidic or basic properties of all materials used.

Potential fire or explosion hazards posed by the chemicals.

Antidotes for exposure to toxic materials.

Protective clothing that is recommended.

Any other information that helps make the operators aware of a hazard.

6.1 Chemical Burns
Some treatment plant chemicals can be very acidic or basic and cause serious burns if 
coming in contact with the skin or eyes.  Operators should be careful when opening 
valves and working on lines and pumps.  Safety glasses with side shields are always 
recommended when working around chemicals. Operators should familiarize themselves 
with the location and operation of safety showers and eye wash stations.  These stations 
should be inspected and tagged acceptably with a date and signature on a regular basis.

Whenever a leak or spill is sighted, corrective action should be taken immediately and 
the spill should be cleaned up.  It should never be assumed that someone else is aware 
of the problem or will take care of the spill.

Accordingly, chemical lines should be clearly identified by color coding or other suitable 
means.  Routing of these lines should be in open areas and should avoid major 
work/access areas wherever possible.  This is critical if the vessels and piping are 
overhead.

Plant areas where these materials are handled should be restricted. A safety briefing for 
all visitors and/or new personnel is recommended before access is granted.
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All plant personnel should be required to wear proper protective clothing when handling 
or working near these chemicals.  A minimum wardrobe should include, but not be 
limited to, a plastic hard hat, coat, boots and gloves of a resistant material as well as a 
pair of safety glasses.  Safety glasses, even with shields, are not adequate for use in 
areas where very acidic or basic materials are handled.

Accidental contact with these chemicals should be avoided.  Remember, most liquid 
chemicals resemble water.  Good housekeeping practices should be a requirement in 
areas where these materials are handled. 

6.2 Fire and Explosion
A combustible material will spontaneously start to burn when its temperature is raised to 
its ignition point in the presence of air. The ignition point of all chemicals used in the 
process should be known and posted for operators.  In some cases, the mixture of vapor 
and air can burn violently in the form of an explosion.

Accordingly, chemicals should not be added to other materials if the effects of the 
addition are unknown.  This includes disposal, which should only be into suitable 
containers.  Sinks and/or sewers are not suitable for disposal.

WARNING: In systems with Actiflo® clarifier, the lamella pack is pre-installed in the 
settling tank section of the Actiflo®. It is made of a very flammable material. 
Do not expose it to open flames or sparks. Do not allow any welding works 
nearby unless special precautions have been taken.

6.3 Toxic Exposure
Since we are dealing with the effects on individuals who may react to various toxic 
materials to different degrees, it is difficult to establish an absolute evaluation of toxicity.  
However, most toxic materials do not have particularly adverse effects when present in 
small amounts.  Consequently, the concept of the “threshold limit value” (TLV) has been 
developed and is defined as a concentration of toxic material below which it is believed 
nearly all individuals may be repeatedly exposed over a long duration without adverse 
effects.  The TLV for all chemicals used should be on record and easily accessible.
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7 SAMPLING AND LINE UNBLOCKING PROCEDURES

7.1 Sampling Procedures

In the course of startup and operation of Veolia Water Technologies Canada Inc.
supplied equipment, sampling of the process fluid is generally conducted in order to:

Verify system instrumentation.

Adjust system to maintain desired stability of operation.

Troubleshoot upset conditions.

Verify system performance meets contractual guarantees.

Regardless of the process fluid being sampled, care should always be taken to assure 
samples are collected without placing personnel at risk of injury.  Personnel who are 
collecting samples should always practice good safety habits in their collection routine.  
Personal protective equipment (PPE) should be selected and worn with respect to the 
type of sample being collected and its means of collection.  

PPE required for sampling is dependent on the material, the temperature and pressure, 
the sampling point, the surrounding conditions, etc.  An example of the varying level of 
PPE required for each given sample is given below.  However, the person responsible 
for sampling should determine for him or herself if his or her level of PPE is adequate for 
the task.  Remember, YOU are responsible for your safety.

PPE required for general field work

Steel-toed work boots, safety glasses, hard hat, leather gloves, hearing 
protection, respirator, long-sleeved shirt.

Additional PPE required for handling hot, non-hazardous material

Insulated rubber gloves and face shield with goggles. 

Additional PPE required for handling hazardous material

Consult SDS
Full body suit, respirator, rubber gloves, face shield with goggles, protective 
sampling container.

The collector should study the pertinent sampling station specific to his/her process until 
comfortable he/she can collect a sample from the station in a safe manner that is also 
representative of the process conditions.  The collector should then develop his/her own 
sampling procedure. 
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7.2 Unblocking Procedures
The systems processing highly viscous or slurry solutions are prone to produce blocked 
drains, valves, and/or sampling stations.  The operator should expect blocked 
connections in these systems.  As such, the operator will eventually be required to 
unblock a connection to access a sample or drain a vessel or line.  In doing so, the 
operator should:

Review the need for proper personal protective equipment (PPE).
Develop a plan for unblocking the connection 
Obtain the proper equipment to unblock the connection
Safely implement the unblocking plan

Selecting the proper PPE for use in unblocking a connection is very similar to the PPE 
required for sampling noted in the previous section.  However, unblocking a connection 
can result in an instantaneous release of fluid or material at velocities or forces much 
greater than seen during normal sampling methods.  The operator should consider “what 
if” scenarios such as excessive splashing or large volume release after unblocking the 
connection and determine his/her PPE with these “worst case” conditions in mind.

Before attempting to unblock a connection, the operator should study the situation and 
develop a safe procedure to unblock the connection.  He/she should observe the area 
around the connection problem in case a quick “get-a-way” should be required.  He/she 
should inform any personnel in the area that may be affected by unblocking the 
connection.  The operator should learn what the material behind the plug is operating at: 
what temperature, what pH, what pressure, etc. and modify his/her plan accordingly to 
develop the safest method of releasing the connection.  It might be better for him/her to 
perform an exercise to test the method of unblocking to validate the proposed method.

Any equipment used in the unblocking process should be reviewed for adequacy of use.  
Is the hose rated for the material, temperature, and pressure expected to be seen by its 
use?  Are the hose and fittings in good condition?  If not, replace the unfit equipment 
with new or adequate equipment.  Make sure all connections are tight and proper for the 
job.  In addition, the hose assembly utilized in the unblocking process should be 
equipped with a bleed-off valve to depressurize the system prior to the dismantling of the 
connection.  If a bleed-off valve does not exist, special care should be taken when 
dismantling a hose connection because it may still be subject to internal pressure after 
the release.

Once the plan and the equipment are in place, the operator must focus on the task to be 
sure the line is unblocked in the safest manner possible.  He/she should especially be 
concerned not only with his/her own safety, but also of others in the area.  Cordoning off 
the area surrounding the blocked connection is advisable.  Remember, whatever means 
is used be it with water, steam, or air, or mechanical means, BE READY FOR ANY 
CONSEQUENCES when the drain pipe.

Finally, when working with a partner, take special precaution to communicate your plan 
to avoid harming anyone due to miscommunication.
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APPENDIX

Forbidden
Subject Pictogram
No swimming

Not drinking water

Danger
Subject Pictogram
Electrical hazard

Keep guard in place

This machine start automatically

Corrosive material

Risk of falling
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Pressure Piping

Risk of slippage

Flammable or high temperature

Rotating part

High temperature

Confined space

Risk of explosion

Toxic
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Obligatory
Subject Pictogram
Safety glasses

Respiratory protection

Hardhat

Safety shoes

Safety gloves

Coverage of hearing

Personal protective against fall

Consult the manual

Mandatory use of padlocks
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3.1 – PROCESS FLOW DIAGRAM 
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3.2 – PROCESS AND INSTRUMENTATION DIAGRAM 
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