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EXECUTIVE SUMMARY

The Nunavut Water Board (NWB) has issued Type A Water License 2AM-MEL1631 to Agnico Eagle
Mines Limited (Agnico Eagle) for the Meliadine Gold Project site authorizing the use of water and the
disposal of waste required by mining and milling and associated uses.

Agnico Eagle has prepared the following document which summarizes the operational and
maintenance procedures to be followed at the sewage treatment plant (STP).

This report documents the stand alone Operation & Maintenance Manual — Sewage Treatment Plant,
as specified under Water License 2AM-MEL1631 Part F, Iltem 9 and includes the following
requirements:

e 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 sewage treatment
facility;

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

e The manual includes sludge management procedures.
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IMPLEMENTATION SCHEDULE

As required by Water License 2AM-MEL1631, Part D, Item 10, the proposed implementation schedule
for this Plan is outlined below.

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:

e Energy & Infrastructure Superintendent

o Energy & Infrastructure General Supervisor
Energy & Infrastructure Supervisor
Environmental Superintendent
Environmental General Supervisor
Environmental Coordinator
Hydrology Coordinator
Environmental Compliance Counselor
e STP Operator
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1 INTRODUCTION

1.1 PURPOSE

This Sewage Treatment Plant (STP) Operation and Maintenance (O&M) Manual for the Meliadine Gold
Project (the Project) has been prepared in accordance with the Nunavut Water Board Type A Water
License 2AM-MEL1631, Part F, item 9, and is 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 manual
has been adapted for the use of a mechanical sewage treatment facility.

This manual is a component of the Responsible Mining Management System (RMMS). The objectives
of this plan are summarized as follows:

1. Todefine the location, design and operating procedures to be used in the treatment of sewage
generated at the Meliadine Mine; and
2. To provide monitoring requirements for the STP.

1.2 BRIEF DESCRIPTION OF THE PROJECT

Agnico Eagle Mines Limited (Agnico Eagle) operates the Meliadine gold mine located approximately
25 km north of Rankin Inlet, and 80 km southwest of Chesterfield Inlet in the Kivalliq Region of Nunavut.
The project site is located on the peninsula between the East, South, and West basins of Meliadine
Lake (63°01'23.8"N, 92°13'6.42"W). The area is accessible from the all-weather gravel road linking the
Meliadine mine site with Rankin Inlet.

A general location plan for the project is shown in Figure 1. Figure 2 presents the Layout of the STP
(See also appendix A).

The current mine plan focuses on the development of the Tiriganiaq gold deposit which will be mined
using both conventional open-pit and underground mining operations. Current mining facilities to
support the Mine include a plant site and accommodations, tailings storage facility, waste rock storage
facilities, ore storage pads, process plant, power plant, maintenance facilities, water management
treatment plants and supporting infrastructures.

To support the camp accommodation, upgrading the current sewage treatment (STP) plant unit would
be required.

1.3 CONTACT INFORMATION

The individuals responsible for the operation of the sewage treatment plant for the Meliadine Gold
Project are the following:

Energy & Infrastructure Superintendent 819-759-3555 ext. 4603161
Energy & Infrastructure General supervisor 819-759-3555 ext. 4603128
Energy & Infrastructure Supervisor 819-759-3555 ext. 4603908
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STP

e .

Figure 1 - Location of Meliadine STP
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2 DESCRIPTION

2.1 DESCRIPTION OF TREATMENT PLANT

Sewage will be collected from the facilities and pumped to the STP. The objective of the STP is to treat
sewage to an acceptable level for discharge to CP1 via a sewage water discharge pipeline. The STP
is housed in a prefabricated (modular) structure, located on the east side of the industrial pad (Figure
1 and 2).

The STP relies on bacterial activity. The process is composed of five (5) steps described below:
flow equalization and screening,

aerobic biological treatment,

membrane filtration,

ultraviolet disinfection,

e and sludge handling/dewatering.

PID are available in appendices A and B.

The treated sewage from the STP will be pumped through a heat traced insulated pipeline to CP1 pond
which is designed to receive all the surface contact waters on site. This water is pumped to the final
effluent treatment plant for TSS control prior to discharge into Meliadine Lake.

Table 1 presents the target effluent concentration at the exit of the STP. Note that these parameters
are operational targets and no effluent are discharged to the environment.

Table 1: Expected operational parameters

Parameter Unit Effluent target
BODs mg/L <25

TSS mg/L <25

pH units 6-9

Ammonia Nitrogen (N-NH3) mg/L 0.89

Fats, Oils and Grease mg/L 15

The water quality of the sewage and gray water entering the plant and the composition water exiting
the units will be monitored on a regular basis to determine plant efficiency. Sewage sludge removed
from the STP will be added to the landfarm as nutrient amendment on an as needed basis. Excess
sludge will be disposed of in the Tailings Storage Facility (TSF) or in the waste rock storage facility
(WRSF) or shipped south for disposal.

STP upgrade equipment were selected to manage an equivalent of 200 additional people in the camp
(the current STP is designed for 520 persons). The current treatment plant is able to treat a maximum
daily flow of 216 000 L per day (maximum design flow). The upgrade STP equipment will be able to
handle an additional 83 076 L per day.

The equipment added in the STP upgrade is an aerobic tank with a fine bubble diffusor and an
additional sea can with a membrane train and utilities (instrumentation, blower, pumps, UV). This allows
the filtration area to increase from 900 m? (current system) to 1350 m? (upgraded system).
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2.11 Flow Equalization and Screening

The influent wastewater is pumped to the two (2) aerated equalization tanks. The equalization system
is able to manage a variation in flows. It provides raw wastewater storage to store feed during high flow
periods and to ensure feed supplementation during low flow periods. It provides a stable and consistent
raw feed for the downstream processes. Equalized water is pumped via two (2) equalization pumps
into a standpipe inside the second tank and flows from that pipe by gravity to the fine screens. The fine
screens are rotary drum screens with 2 mm perforated plate openings that operate continuously. The
screens will ensure the removal of large debris to protect downstream equipment. Pressurized wash
water is used intermittently to clean the screens and screenings.

2.1.2 Aerobic Biological Treatment

Screened raw water flows by gravity from the screens into the sump tank, where it is pumped to the
aerobic tank, which is located outdoors. Aerobic biological treatment removes the organic load
(measured as BOD) of the wastewater. Bacteria grown in the bioreactor remove unwanted organic
pollutants to produce a treated water of high quality. Oxygen is supplied by regenerative blowers and
is injected by fine bubble diffusers in the tank. The diffusers are designed for a wide range of air flows,
according to the system’s demand in oxygen. It keeps a dissolved oxygen concentration of at least 2
mg/L at any time to satisfy the needs of the biomass. The mixed liquor suspended solids (MLSS)
overflows into a standpipe inside the tank and flows by gravity to the membrane filtration trains. The
target MLSS in the aerobic reactor is 10 g/L.

The dry bacteria product, BEC105, could be used in the treatment process to stimulate biological
activity when needed. To start up the new bioreactor, sludge from the current plant can be used too.

2.1.3 Membrane Filtration System

Membrane filtration is used to separate the bacteria from the water to ensure keeping them in the
process at the desired concentration. Activated sludge is returned at a constant flow rate to the aerobic
tank to prevent a build-up of sludge in the membrane tank. The return activated sludge (RAS) is pumped
at a higher flow rate than the design flow rate of the plant, to make sure that there is good circulation in
the whole system and that there is no accumulation of solids.

The membranes are totally submerged and have a pore size of 0.4 microns, which remove all
suspended solids in the effluent.

The permeation pumps are provided to suction the effluent through the membrane modules and
transport it to the permeate tank. The permeation pumps are supplied with variable speed drives to
overcome any changes in transmembrane pressure and achieve the design at all times.

The operating cycle for the selected modules is to suction effluent water for seven (7) minutes and to
relax the membrane for one (1) minute. The cycle optimizes the long-term operation of the membrane
modules. The housings are constructed with an integrated diffuser at the bottom to aerate the
membrane continuously and prevent clogging and accumulation of sludge. The relaxation of the
membranes allows extending the interval between cleanings (CIP or Clean-In- Place). CIP cleans are
done about twice a year. Washes are performed with permeate stored in the permeate storage tank
while a cleaning chemical (either sodium hypochlorite or citric acid) is added. Chemical solutions are
reverse flowing through the membranes, which are soaked for a few hours after. After washing, the
permeation is restarted. While a train is washing, the other train can continue to treat water and ensure
a continuous production of effluent.

10
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Once a week, a chemically enhanced back pulse (CEB) should be performed on the membrane
modules with sodium hypochlorite to mitigate membrane fouling. Permeate flow is reversed to flow
back into the membranes while the cleaning chemical is added inline.

2.1.4 UV Disinfection System

From the permeate pumps, each membrane bioreactor train sends permeate through an inline
ultraviolet disinfection system. It is a physical process that inactivates instantaneously microorganisms.
The UV system process adds no chemicals to the water, and therefore, has no impact on the chemical
composition of the effluent. From here, effluent is sent to a common permeate storage tank. The
permeate tank acts as a reservoir for treated water that is pumped to a discharge location. This tank
can also be used for CEB and CIP process, as previously mentioned.

2.1.5 Sludge Handling System

Since bacteria continue to reproduce as they consume organics and nutrients, the concentration of
biomass, measured as Mixed Liquor Suspended Solids (MLSS), increases with time. Periodic sludge
wasting is required to control the MLSS concentration in the bioreactor tanks. Sludge is sent to the
sludge storage tank by redirecting the flow of the RAS pump (approximately 1% solid content). A blower
and coarse bubble diffuser system maintains an aerobic environment within the sludge tank to minimize
the proliferation of odors. Periodic settling is used to facilitate the thickening of the waste activated
sludge. The supernatant (upper portion of the tank) is sent back to the sump tank by opening a valve,
where it will re-enter the treatment process. This operation (called decanting) reduces the volume of
sludge that needs to be handled and extends the period of time that the sludge tank can be used before
thickened sludge is disposed (approximately 2-3 % solid content).

A Sludge Dewatering System (Volute) system is also available to remove the solid fraction out of the
sludge storage tank. Basically, the flocculated sludge pass through a screw press that utilizes a screw
inside a moving casing. Water collected during the dewatering is sent back to the STP equalization
tank. The cake is then collected in a solid-waste bin for disposal in the Waste Rock Storage Facility.
Other storage options are available for sludge management if required, and include: the Tailings
Storage Facility, shipment south during the barge season for disposal or a small portion may be added
to the landfarm. The system is designed to treat 3 to 5 m? per 12 h and will produce approximately 0.28
m3 per day (based on 12 h operation) of sludge cake at approximately 18 % solid. The cationic polymer
consumption is estimated at 0.5 kg per day.

11
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2.2 SEWAGE GENERATION AND COMPOSITION

The composition of the sewage and gray water entering the plant and the water quality exiting the units
is monitored on a weekly basis (to determine plant efficiency).

Table 2 presents the raw sewage water characteristic used for the design.

Table 2: Raw Water

Parameter Unit Raw water
BDO5 mg/L 200-360
TSS mg/L 50-350

pH unit 6.5-8.5
Ammonia Nitrogen (N-NH3) mg/L 40-50

Fats, Oils and Grease mg/L 20-50

TKN mg/L 45-60

Ptotal mg/L 5-12
Alkalinity mg/L 250-500

2.3 CHEMICALS USED IN THE TREATMENT PROCESS

Table 3 presents the main chemical used in the plant. Safety data sheet are presented in Appendix C.

Table 3: Chemical usage

Chemical

Usage

Sodium Hypochlorite 12%

Chemically Enhanced Backpulse (one a
week) and clean-In-Place (twice a year)

Citric Acid

Clean-In-Place (twice a year)

Caustic soda

Adjust pH in the reactor due to the nitification

Hydrex 3613 - flocculant

CC 45009 - flocculant

Polymer for sludge dewatering in the volute

14
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3 OPERATION AND MAINTENANCE

3.1 WASTEWATER COLLECTION

Wastewater from the accommodation complex and from satellite sewage tanks will be treated in the
Sewage Treatment Plant (STP) before being directed to Collection Pond 1 (CP1).

All sewage and gray water generated at Meliadine is drained by gravity pipelines to localized lift
stations, then pumped to one of the two centralized collecting lift station. From those centralized lifts
stations the effluent is pumped through a heat traced insulated pipeline to the STP equalization tanks.
The number of lifting stations, and the building they service, is provided below.

Lifting station 1 (local) serves dormitory wing 1 and connects to lift station 13.

Lifting station 2 (local) serves dormitory wing 2 and connects to lift station 13.

Lifting station 3 (local) serves dormitory wing 3 and connects to lift station 13.

Lifting station 4 (local) serves dormitory wing 4 and connects to lift station 13.

Lifting station 5 (local) serves dormitory wing 5 and connects to lift station 13.

station 6 (local) serves dormitory wing 6 and connects to lift station 13.

Lifting station 7 (local) serves dormitory wing 7 and connects to lift station 13.

Lifting station 8 (local) serves dormitory wing 8 and connects to lift station 13.

Lifting station 9 (local) serves dormitory wing 9 and connects to lift station 13.

Lifting station 10 (local) serves dormitory wing 10 and connects to lift station 12.

Lifting station 11 (local) serves dormitory wing 11 and connects to lift station 12.

Lifting station serves dormitory wing 12 and connects to lift station 13.

Lifting station serves dormitory wing 13 and connects to lift station 13.

Lifting station serves dormitory wing 14 and connects to lift station 13.

Lift station 12 connects to lift station 13.

The grease trap lift station connects to lift station 13

Lift station 13 (main camp) serves the main camp complex, recovers all sewage from, kitchen,

dormitories and recreation hall and pumps all the sewage to the STP equalization tanks. This is

the primary line that feeds the STP

e  Lifting station 14 (local) serves the Power plant and connect to lift station 18.

e Lifting station 15 (local) serves the Process plant and connect to lift station 18.

o Lift station 16 (local) serves the Assay laboratory and the Emergency responder building and
connect to lift station 18.

e Lift station 17 (local) serves the Maintenance shop (garage) and connects to lift station 18.

e Lifting station 18 (central) service the Power Plant, the Process plant, the Assay lab, the ERT and

the Multi-service truck shop building and pumped all the sewage collected to the STP equalization

tanks. This is the secondary line that feeds the STP.

In addition to the sewage generated from the buildings above, a sewage vacuum truck collects sewage
from 7 storage tanks at different temporary or remote buildings such as the emulsion plant, the paste
plant, the crusher building, the portal #1 and construction offices. This material is directly deposited into
lift station 18.

3.2 SLUDGE DISPOSAL

Sewage sludge removed from the STP may be added to the landfarm as nutrient amendment on an as
needed basis. With the operation of the sludge dewatering unit (volute), the preferred disposal method

15
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is in the Waste Rock Storage Facility (WRSF). As a contingency, the dewatered sludge may also be
disposed of in the TSF or shipped south for disposal.

Operators will record the approximate amount of sludge generated on a daily basis as this information
may be required as part of the annual report.

3.3 COLLECTION POND 1

The treated sewage from the STP is pumped through a heat traced insulated pipeline to CP1 pond
which is designed to receive all the surface contact waters on site. This water is pumped to the final
Effluent water Treatment Plant (EWTP) for TSS control prior to discharge into Meliadine Lake.

3.4 NORMAL OPERATIONAL AND MAINTENANCE PROCEDURES

The general operational and maintenance procedures at the plant are available in the manufacturer’
operating manuals in Appendices D and E.

In order to keep a properly functioning STP, certain material must be kept out of the influent raw
sewage. These items are:

¢ Food and other kitchen grease are removed from the sewage in the kitchen via a grease trap.
The grease trap is manually cleaned to keep this material out of the sewage treatment plant
influent and the recovered grease is disposed in drums and shipped south for final disposal or
burned in the incinerator. Bacteria is added to the grease to reduce the amount of grease for
disposal.

e Camp rules and purchasing practices prohibit antibacterial soap from being used on site to
protect the biological activity in the STP process.

3.5 MONITORING

The STP at Meliadine has been in service since early in 2017. The following are the general Operation,
Maintenance and Sampling procedures that are being employed. Further details of Operation,
Maintenance procedures are provided in the equipment operating & maintenance manual (Appendices
D and E).

Daily

A daily inspection of the sewage collection system, heat traced pipelines, and treatment plant will be
conducted to ensure there are no spills or incidents to report.

Inspection and sampling sheets will be completed daily for the STP system, these forms include:
o Daily weather observations

Temperature and pH of influent in the STP

Influent flowrate

Mixed Liquor Suspended Solids (MLSS) concentration range

Discharge volumes

Turbidity

Dissolved Oxygen and pH measurements of the final discharge of the treatment unit

Visual observations of the final discharge

16
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Example record sheets are provided in Appendix F.

Weekly

Sampling will be conducted on a weekly basis for the water quality parameters listed in the table below
which also includes the concentrations to expect at the influent and at the effluent of the sewage
treatment plant (STP). The information below comes from the operation of the STP at the Meliadine
Mine from January to early December 2019.

Table 3: Water Quality in 2019

2019 Influent | 2019 Effluent
Parameter Quality Average |Quality Average
BOD 359 mg/L 3.0 mg/L
COD 688 mg/L 28 mg/L
TSS 443 mg/L 2.3 mg/L
Ammonia Nitrogen (NH3-N) |58 mg/L 1.1 mg/L
NOs (nitrate) 0.17 mg N/L* 63 mg N/L
NO: (nitrite) 0.10 mg N/L* 0.11 mg N/L
Tot. Kjeldahl Nitrogen 73 mg/L 2.7 mg N/L
T-Phosphorus 11 mg/L 7.3 mg/L
pH 7.4 7.6
Alkalinity as CaCO3 298 mg/L 77 mg/L
Total Coliforms N/A 673 cfu/100 mL
Fecal Coliforms N/A 28 cfu/100mL

*The detection limit value was used in the calculation of the average for the values below the
detection limit.

Once a week, a chemically enhanced back pulse (CEB) should be performed on the membrane
modules with sodium hypochlorite to mitigate membrane fouling.

Maintenance inspections and repairs, if necessary, will be performed weekly. It is primordial to check
the entire system for signs of wear, deterioration and damage. These symptoms include excessive
vibration, excessive or unusual noise, corrosion, pipes or loose connections and leaks.

Bi-annual

Twice a year, a Clean In Place (CIP) of the membrane will be performed by reversing the flow with
chemical cleaning solution, after the reverse flow process, the membrane will soak in the cleaning
solution for a few hours before being put back to service.

Twice a year, the bearing of the electrical motors of the pumps will be greased.

Twice a year, all instruments and sensors will be calibrated. It is also important to confirm the status of
the level and pressure switches at least twice a year.

17
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3.6 RECORD KEEPING

Records of the operational and maintenance and sampling procedures will be kept daily in order to
assist in the evaluation of the effectiveness of the STP.

The following will be recorded on a daily basis:
¢ Volume of any effluent discharged to environment;

¢ Volume of dewatered sludge collected;
e Sewage volume collected; and
Details of any maintenance undertaken at site.

As per water license 2AM-MEL1631 Part | Item 9h, the following will be recorded on a monthly basis:
¢ Volume of sewage sludge and or dewatered sludge removed from the STP; and
e Locations and methods of sewage sludge disposal.

The record sheets will be kept in the STP office and/or the server with a copy submitted to the
environmental department on a periodic basis if requested.

3.7 SAFETY PROCEDURES FOR OPERATORS

Employees working in the STP facility must be trained prior to commencement of work so that they are
aware of the health and safety risks as well as the operational procedures associated with the STP.
The following are important safety rules:

o Working with sewage requires adequate protection for operators. This includes wearing steel
toed boots, hard hat, rubber aprons, protective glasses with side shields, protective gloves, and
ear plugs.

All authorized personnel working in the STP must have received Hepatitis A and B vaccine.
Operator’s need to keep their working area clean to minimize the risk of accidents.

Regular personal hygiene (like washing hands) is important to prevent iliness.

Following lock-out and tag-out procedures when servicing equipment.

No person shall drink the water in the plant or the water that is discharged from the STP.

SDS for all chemicals used in the STP plant will be readily available for the operator.

Safety showers and eyewash are located within proximity of chemical systems in the STP plant.

3.8 CONTROLLING ACCESS TO STP

Access to the STP at Meliadine will be restricted to authorized personnel only. Signs will be posted on
the STP entrance doors notifying all people that the entrance to the STP is for authorized personnel
only.

No fencing is used to control access to the STP. Due to the remote nature of Meliadine, there is no
concern of non-mine personnel attempting to access the site.

18
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4 EMERGENCY RESPONSE

41 FIRE

In case of fire at the STP, the on-site emergency response team 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 STP. Further details of fire response are provided in the “Meliadine Emergency Response Plan”.

4.2 SPILL

In the event of a large spill at the STP, the on-site emergency response team will be notified as per
Agnico Eagles’ protocol. Instructions from the on-site emergency response team will be followed by all
personnel at the STP. Further details of spill response are provided in the “Spill Contingency Plan”.

4.3 PLANT MALFUNCTION

If there is a major problem or failure in the STP it would be most likely due to changes in the influent
(raw sewage) (i.e. high strength sewage (BOD high)). In this case, there would be visible effluent
problems (part of daily operational checks), low dissolved oxygen (part of daily operational checks) and
increased odors that the operator would note. If this occurs, a sample will be taken to try to determine
the source of the problem.

In the event of a failure of the STP, there are four (4) holding tanks at the Exploration camp STP that
can be temporarily used. In addition, there are some spare tanks at the Exploration camp which may
be utilized in an emergency.

The following are other contingency measures that can be applied by Agnico Eagle in the event of a
malfunction at the Meliadine STP for more than 24 hours:

e Cut back on allowable camp water until the malfunction is corrected and use the equalization
tank to retard the peak flow to the functional unit;

¢ Shut down the malfunctioning unit until the malfunction is repaired and use other unit in parallel
until repairs are completed;

e Shut down all water use in the camp until the repairs are completed.
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ROOF HIDDEN TO SHOW DETAIL.

ISO FRONT VIEW

ISO REAR VIEW

NOTES:

1. REFERENCE P&ID: 20C1131-C01-0001

2. APPROXIMATE SHIPPING WEIGHT: 22 000 LBS.

3. ROOF INSULATION TO BE MINIMUM R20.

4. WALL INSULATION TO BE MINIMUM R20.

5. FLOOR INSULATION TO BE MINIMUM R20.

6. MINIMUM INSIDE DIMENSIONS ARE 84'5" WIDE X 102" HIGH AND XXX" LONG.

7. ENSURE THAT LIFTING LUGS ARE USED FOR LIFTING TANKS AND/OR BUILDINGS.
LIFTING LUGS FOR TANKS ARE LOCATED AT THE TOP OF THE TANK.

8. CLEARANCE FOR AIR FLOW AND SERVICE REQUIRED AROUND PANEL AIR CONDITIONERS.
REFER TO ELECTRICAL DRAWINGS FOR REQUIREMENTS.

9. ALL WELDS, EXCEPT FILLET WELDS, ARE TO BE GROUND FLUSH IN THE FLAT POSITION WITHOUT DISHING.

10. ALL WELDS ARE TO BE 100% VISUALLY INSPECTED.
11. COMPLIANCE WITH CSA W47.1 CERTIFICATION OF COMPANIES FOR FUSION WELDING OF STEEL
AND CSA W59 WELDED STEEL CONSTRUCTION REQUIRED.
12. NO VERTICAL DOWN WELDS ARE ALLOWED UNLESS CERTIFIED PER CSA W59 AND APPROVED BY H20 INNOVATION.
13. STITCH WELDS ARE NOT ALLOWED UNLESS PRE-APPROVED BY H20 INNOVATION.
14. NO VERTICAL DOWN WELDS ARE ALLOWED UNLESS CERTIFIED PER AWS D1.6 AND APPROVED BY H20 INNOVATION.
15. STRUCTURAL STEEL WELDING AS PER STRUCTURAL WELDING CODE - STAINLESS STEEL, AWS D1.6.
16. MATERIAL IS TYPE 304L SS. THE MINIMUM YIELD STRENGTH REQUIRED FOR ALL MATERIAL IS 36 KSI.
17. HOLLOW STRUCTURAL STEEL SECTIONS PER ASTM A269.
18. ANGLES AND CHANNELS PER ASTM A276, AND PLATE PER ASTM A240 OR A666.
SHAPES FORMED FROM PLATE ARE ACCEPTABLE.
19. STRUCTURAL FRAME WELDS AND AREAS WITH IRON CONTAMINATION TO BE TREATED WITH
PICKLE PASTE COMPOUND AND WASHED CLEAN.
20. PUT 1/8" RADIUS ON ALL CORNERS, FOR SAFETY.
21. BREAK ALL SHARP EDGES, AND REMOVE SPATTER.
22. SINGLE MEMBERS TO BE CONTINUOUS. SEAMED MEMBERS ARE NOT ACCEPTABLE.
23. ALL STAINLESS STEEL PIPING TO BE ASTM A312. ALL STAINLESS STEEL FITTINGS TO BE ASTM A403.
FLANGES TO BE ASTM A182 AND ANSI B 16.5.
24. CLASS 150 FITTINGS SHALL MEET MSS SP114 STANDARDS FOR SIZES 1/8" THRU 4". THREADS SHALL MEET ANSI B1.20.1.
MATERIAL IS ASTM A351 GRADE CF8M OR ASTM A182 GRADE 316 OR ASTM A276.
25. ALL STAINLESS STEEL PIPING TO BE WELDED TO ASME B31.1, 100% PENETRATION AND BACK GASSED WITH ARGON.
26. WELDER CERTIFICATIONS FOR ALL WELDERS MUST BE PROVIDED TO H20 INNOVATION.
27. COMPLETED ASSEMBLY MUST BE LEAK TESTED TO 50 PSIG.
28. TANK 4 HOUR FILL AND HOLD HYDRO TEST REQUIRED.

29. UNWITNESSED TEST REPORT MUST BE PROVIDED.

30. ALL STAINLESS STEEL TO BE PICKLED (DIPPED) AND PASSIVATED TO ASTM A380.
31. BOLTS AND NUTS ARE STAINLESS STEEL TYPE 316.

32. MECHANICAL PROPERTIES PER CONDITION CW OF ASTM F593/F594.

33. THREADS PER ANSI/ASME B1.1 CLASS 2A.
34. WASHERS AND & LOCK WASHERS ARE STAINLESS STEEL TYPE 316 WITH DIMENSIONS PER ASME B18.21.1.
35. ALL PVC PIPE TO BE SCHEDULE 80, GRAY. PIPE MATERIAL TO CONFORM TO ASTM D1784. PHYSICAL DIMENSIONS,

SCHEDULES, AND TOLERANCES TO CONFORM TO ASTM D1785.

36. ALL PVC FITTINGS TO BE SCHEDULE 80, GRAY. SOCKET FITTINGS TO CONFORM TO ASTM D2467.
37. PVC FLANGES 3" AND LARGER TO BE VAN STONE STYLE WITH GLASS FILLED PVC RING.

PVC FLANGES 2" AND SMALLER TO BE VAN STONE STYLE WITH PVC RING,
PVC FLANGES TO MEET CLASS 150 BOLT HOLE PATTERN PER ANSI B16.5.

38. PVC PRIMER TO CONFORM TO ASTM F656. PVC SOLVENT CEMENT TO CONFORM TO ASTM D2564.

39. EXPOSED PVC PIPING REQUIRES SUITABLE UV PROTECTIVE COATING ON SITE. NOT BY H20 INNOVATION.

40. ALL GASKETS TO CONFORM TO ASTM F477.

41. TAP (1/2" NPT OR SMALLER ONLY) INTO PVC / CPVC FITTING IS ALLOWED, BUT ONLY IN SPECIFIC LOCATIONS
WHERE NO ADEQUATE FITTING IS PROVIDED.

42. TUBING MATERIAL IS NYLON.

43. ELECTRICAL CONDUIT MATERIAL IS RIGID PVC.

NOTE:
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NOZZLE# DESCRIPTION MATERIAL DIAMETER CONNECTION
A EQUALIZED WATER FROM MAIN PLANT SUMP PUMPS DISCHARGE LINE PVC, SCH.80 2" CUT GROOVE
B EQUALIZED WATER TO EXPANSION AEROBIC TANK PVC, SCH.80 2" CUT GROOVE
C MEMBRANE TANK VENT TO OUTSIDE PVC, SCH.80 4" CUT GROOVE
D MEMBRANE TANK OVERFLOW PVC, SCH.80 4" CUT GROOVE
E PERMEATE TANK OVERFLOW PVC, SCH.80 4" CUT GROOVE
F PERMEATE EFFLUENT TO DISCHARGE PVC, SCH.80 3" CUT GROOVE
G BIOREACTOR AIR TO EXPANSION AEROBIC TANK SS 304, SCH.10 3" CUT GROOVE
H WAS TO MAIN PLANT SLUDGE TANK PVC, SCH.80 2" CUT GROOVE
| RAS TO EXPANSION AEROBIC TANK PVC, SCH.80 2" CUT GROOVE
J PRETREATED WATER FROM EXPANSION AEROBIC TANK PVC, SCH.80 4" CUT GROOVE
K POTABLE WATER PVC, SCH.80 172" FNPT
L CITRIC ACID PVC, SCH.80 1/2" FNPT
M HYPOCHLORITE PVC, SCH.80 1/2" FNPT
=®
&
@
<
1/n
100% 084"
90%4"
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70']/2"
316"
177/8"
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Appendix C: SDS
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UNIVAR

Material Safety Data Sheet

LA5839
Sodium Hypochlorite 12% Water Treatment

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

Product Id: LA5839

Product Name: Sodium Hypochlorite 12% Water Treatment

Synonyms: Sodium oxychloride; Soda bleach liquor; Javel water; Clorox; Javex.

Chemical Family: Hydrochlorous acid, sodium salt.

Application: Chemical intermediate. Laboratory reagent. Water treatment. Pulp and paper. Bleaching agent.
Disinfectant.

Distributed By:
Univar Canada Ltd.
9800 Van Horne Way
Richmond, BC

V6X 1W5

Prepared By: The Environment, Health and Safety Department of Univar Canada Ltd.
Preparation date of MSDS: 03/Apr/2014
Telephone number of preparer: 1-866-686-4827

24-Hour Emergency Telephone Number (CANUTEC): (613) 996-6666

2. HAZARDS IDENTIFICATION

Potential Acute Health Effects:

Eye Contact: Corrosive to eye tissue and may cause severe damage and blindness.

Skin Contact: Corrosive. May cause severe skin irritation. Prolonged contact may lead to burns and blisters and may
aggravate dermatitis. May cause whitening or bleaching of the skin.

Inhalation: Corrosive to the respiratory passage. Causes irritation of the mouth, nose and throat. Repeated and/or
prolonged exposures may cause productive cough, running nose, bronchopneumonia, pulmonary edema (fluid build-up in
lungs) and reduction of pulmonary function. If mixed with acids or warmed to temperatures greater than 40 °Celsius,
Sodium hypochlorite solutions release chlorine gas. This gas can cause severe irritation of the nose and throat.
Exposures to high levels of chlorine gas may result in severe lung damage.

Ingestion: Corrosive. Causes burns to the mouth, throat and stomach. Causes vomiting, nausea, and diarrhea. Coma,
shock and death may occur.

3. COMPOSITION/INFORMATION ON INGREDIENTS

Ingredients Percentage LD50s and LC50s Route & Species:
(W/IW)
Water 60-100 Oral LD50 (Rat) >90 mL/kg
7732-18-5
Sodium Hypochlorite, Solution 10-30 Oral LD50 Rat = 8200 mg/kg
7681-52-9 Dermal LD50 Rabbit > 10000 mg/kg
LA5839

Sodium Hypochlorite 12% Water Treatment
Page 1 of 6




Note: Drug Identification Number (DIN) - 02265729

4. FIRST AID MEASURES

Eye Contact: Wash eyes with water for a minimum of 30 minutes or until no evidence of the chemical remains. Hold
eyelids open during flushing. Seek immediate medical attention.

Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 30 minutes. Get medical
attention.

Inhalation: Remove person to fresh air. If not breathing, give artificial respiration. If breathing is difficult, get immediate
medical attention.

Ingestion: Rinse mouth with water. Do not induce vomiting. Do not give anything by mouth to an unconscious person. If
vomiting occurs spontaneously, keep head below hips to prevent aspiration of liquid into the lungs. Seek immediate
medical attention.

Notes to Physician: Due to the severely irritating or corrosive nature of the material, swallowing may lead to ulceration
and inflammation of the upper alimentary tract with hemorrhage and fluid loss. Also, perforation of the esophagus or
stomach may occur, leading to mediastinitis or peritonitis and the resultant complications.

5. FIRE FIGHTING MEASURES

Flash Point: None.

Flash Point Method: Not applicable.

Autoignition Temperature: Not available.

Flammable Limits in Air (%): Not Available.

Extinguishing Media: Use extinguishing media appropriate for surrounding fire.

Special Exposure Hazards: Keep containers cool to prevent rupture and release of material. Closed containers may
explode in fire. Spilled material may cause floors and contact surfaces to become slippery.

Hazardous Decomposition/Combustion Materials (under fire conditions): Chlorine. Oxygen. Oxides of sodium.
Special Protective Equipment: Fire fighters should wear full protective clothing, including self-contained breathing
equipment.

NFPA RATINGS FOR THIS PRODUCT ARE: Not Available.

HMIS RATINGS FOR THIS PRODUCT ARE: HEALTH 3, FLAMMABILITY 0, REACTIVITY 1

6. ACCIDENTAL RELEASE MEASURES

Personal Precautionary Measures: Wear appropriate protective equipment.

Environmental Precautionary Measures: Prevent entry into sewers or streams, dike if needed. Consult local
authorities.

Procedure for Clean Up: Ventilate area. Small spills: soak up with absorbent material and scoop into containers. Large
spills : prevent contamination of waterways. Dike and pump into suitable containers. Clean up residual with absorbent
material, place in appropriate container and flush with water. Spilled material may cause floors and contact surfaces to
become slippery.

7. HANDLING AND STORAGE

Handling: For industrial use only. Handle and open containers with care. Avoid contact with eyes, skin and clothing. Do
not ingest. Avoid inhalation of chemical. Empty containers may contain hazardous product residues. Keep the containers
closed when not in use. Protect against physical damage. Use appropriate personnel protective equipment. When
diluting, add this product to water in small amounts to avoid spattering. Never add water to this material.

Storage: Store in a cool, dry, well ventilated area, away from heat and ignition sources. Store below 29 °C. Do not
freeze. Keep away from direct sunlight. Store away from organic chemicals, strong bases, metal powders, carbides,
sulfides, and any readily oxidizable material. Storage area should be equipped with corrosion-resistant floors, sumps and
should have controlled drainage to a recovery tank. Store in a sealed polyethylene lined container.

LA5839
Sodium Hypochlorite 12% Water Treatment
Page 2 of 6



8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Engineering Controls:

Local exhaust ventilation as necessary to maintain exposures to within applicable limits. Make up air should always be
supplied to balance air exhausted (either generally or locally). Ventilation required when spraying or applying in a
confined area. Ventilation should be explosion proof. Eliminate ignition sources.
Respiratory Protection: Wear a NIOAH approved full facepiece respirator for acid gases or a self-contained breathing
apparatus for air concentration levels up to 5 ppm. NIOSH approved supplied air respirator when airborne concentrations

exceed exposure limits.
Gloves:

Impervious gloves. Neoprene gloves. Nitrile gloves. Rubber gloves.

Skin Protection: Neoprene coated apron or chemical resistant clothing. Impervious boots.
Eyes: Chemical safety goggles and/or full face shield to protect eyes and face, if product is handled such that it could be

splashed into eyes.

Other Personal Protection Data: Ensure that eyewash stations and safety showers are proximal to the work-station

location.
Ingredients Exposure Limit - ACGIH | Exposure Limit - OSHA |Immediately Dangerous
to Life or Health - IDLH
Water Not available. Not available. Not Available.
Sodium Hypochlorite, Solution 0.5 ppm As For Chlorine. Not available. Not Available.

9. PHYSICAL AND CHEMICAL PROPERTIES

Physical State: Liquid
Color: Clear Green to yellow.
Odor: Chlorine.

pH11.5-13

Specific Gravity: 1.175

Boiling Point: Decomposition at 40°C / 104°F
Freezing/Melting Point: -25°C / -12°F

Vapor Pressure: 17.5 mmHg

Vapor Density: Not Available.

% Volatile by Volume: Not Available.
Evaporation Rate: Not Available.
Solubility: Soluble in water.

VOCs: Not Available.

Viscosity: Not Available.

Molecular Weight: Not Available.
Other: Not Available.

10. STABILITY AND REACTIVITY

Chemical Stability: Unstable above 40°C / 104 °F.
Hazardous Polymerization: Will not occur.

Conditions to Avoid: High temperatures. Exposure to light.
Materials to Avoid: Acids. Ammonia. Strong oxidizers. Reducing agents. Metals.
Hazardous Decomposition Products: When heated to decomposition, it emits acrid smoke and irritating fumes.

Chlorine. Oxides of sodium. Oxygen.
Additional Information:

Hypochlorites may react with primary amines to form nitrogen trichloride which explodes spontaneously in air.
Hypochlorite bleach reacts with urea to form nitrogen trichloride which explodes spontaneously in air. Some metals
accelerate the decomposition of Sodium Hypochlorite. Nickel. Copper. Tin. Iron and its alloys. Manganese.

11. TOXICOLOGICAL INFORMATION

Principle Routes of Exposure

Ingestion: Corrosive. Causes burns to the mouth, throat and stomach. Causes vomiting, nausea, and diarrhea. Coma,

shock and death may occur.

LA5839
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11. TOXICOLOGICAL INFORMATION

Skin Contact: Corrosive. May cause severe skin irritation. Prolonged contact may lead to burns and blisters and may
aggravate dermatitis. May cause whitening or bleaching of the skin.

Inhalation: Corrosive to the respiratory passage. Causes irritation of the mouth, nose and throat. Repeated and/or
prolonged exposures may cause productive cough, running nose, bronchopneumonia, pulmonary edema (fluid build-up in
lungs) and reduction of pulmonary function. If mixed with acids or warmed to temperatures greater than 40 °Celsius,
Sodium hypochlorite solutions release chlorine gas. This gas can cause severe irritation of the nose and throat.
Exposures to high levels of chlorine gas may result in severe lung damage.

Eye Contact: Corrosive to eye tissue and may cause severe damage and blindness.

Additional Information: Aspiration may cause lung damage. Corrosive effects on the skin and eyes may be delayed,
and damage may occur without the sensation or onset of pain.

Acute Test of Product:

Acute Oral LD50: Not Available.

Acute Dermal LD50: Not Available.

Acute Inhalation LC50: Not Available.

Carcinogenicity:

Ingredients IARC - Carcinogens ACGIH - Carcinogens
Water Not listed. Not listed.
Sodium Hypochlorite, Group 3 Not listed.
Solution

Carcinogenicity Comment: No additional information available.

Reproductive Toxicity/ Teratogenicity/ Embryotoxicity/ Mutagenicity: Not Available.

12. ECOLOGICAL INFORMATION

Ecotoxicological Information:

Ingredients Ecotoxicity - Fish Species Acute Crustaceans Ecotoxicity - Freshwater
Data Toxicity: Algae Data
Water Not Available. Not Available. Not Available.
Sodium Hypochlorite, 0.03 - 0.19 mg/L LC50 Not Available. 0.095 mg/L EC50
Solution (Oncorhynchus mykiss) 96 h Skeletonema costatum 24 h
semi-static

0.05-0.771 mg/L LC50
(Oncorhynchus mykiss) 96 h
flow-through
0.06 - 0.11 mg/L LC50
(Pimephales promelas) 96 h
flow-through
0.18 - 0.22 mg/L LC50
(Oncorhynchus mykiss) 96 h
static
0.28 - 1 mg/L LC50 (Lepomis
macrochirus) 96 h flow-
through
0.4 - 0.8 mg/L LC50 (Lepomis
macrochirus) 96 h static
4.5-7.6 mg/L LC50
(Pimephales promelas) 96 h
static

Other Information:
Harmful to aquatic life at low concentrations. Toxicity is primarily associated with pH.

LA5839
Sodium Hypochlorite 12% Water Treatment
Page 4 of 6



13. DISPOSAL CONSIDERATIONS

Disposal of Waste Method: Disposal of all wastes must be done in accordance with municipal, provincial and federal

regulations.

Contaminated Packaging: Empty containers should be recycled or disposed of through an approved waste

management facility.

14. TRANSPORT INFORMATION

DOT (U.S.):

DOT Shipping Name: HYPOCHLORITE SOLUTION

DOT Hazardous Class 8
DOT UN Number: UN1791
DOT Packing Group: Il

DOT Reportable Quantity (Ibs): Not Available.

Note: No additional remark.
Marine Pollutant: No.

TDG (Canada):

TDG Shipping Name: HYPOCHLORITE SOLUTION

Hazard Class: 8

UN Number: UN1791
Packing Group: Il

Note: No additional remark.
Marine Pollutant: No.

15. REGULATORY INFORMATION

U.S. TSCA Inventory Status: All components of this product are either on the Toxic Substances Control Act (TSCA)

Inventory List or exempt.

Canadian DSL Inventory Status: All components of this product are either on the Domestic Substances List (DSL), the
Non-Domestic Substances List (NDSL) or exempt.

Note: Not available.

U.S. Regulatory Rules

Ingredients CERCLA/SARA - Section SARA (311, 312) Hazard CERCLA/SARA - Section
302: Class: 313:
Water Not Listed. Not Listed. Not Listed.
Sodium Hypochlorite, Not Listed. Listed Not Listed.
Solution

California Proposition 65: Not Listed.

MA Right to Know List: Listed.

New Jersey Right-to-Know List: Listed.
Pennsylvania Right to Know List: Listed.

WHMIS Hazardous Class:

E CORROSIVE MATERIAL

LA5839
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16. OTHER INFORMATION

Additional Information:

Disclaimer:

This product has been classified in accordance with the hazard criteria of the
Canadian Controlled Products Regulations (CPR) and the MSDS contains all the
information required by the CPR.

NOTICE TO READER:

Univar, expressly disclaims all express or implied warranties of merchantability and
fitness for a particular purpose, with respect to the product or information provided
herein, and shall under no circumstances be liable for incidental or consequential
damages.

Do not use ingredient information and/or ingredient percentages in this MSDS as a
product specification. For product specification information refer to a Product
Specification Sheet and/or a Certificate of Analysis. These can be obtained from
your local Univar Sales Office.

All information appearing herein is based upon data obtained from the manufacturer
and/or recognized technical sources. While the information is believed to be
accurate, Univar makes no representations as to its accuracy or sufficiency.
Conditions of use are beyond Univar's control and therefore users are responsible to
verify this data under their own operating conditions to determine whether the
product is suitable for their particular purposes and they assume all risks of their use,
handling, and disposal of the product, or from the publication or use of, or reliance
upon, information contained herein. This information relates only to the product
designated herein, and does not relate to its use in combination with any other
material or in any other process.

***END OF MSDS***
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UNIVAR

Material Safety Data Sheet

LA3183
Citric Acid 50% Solution

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

Product Id: LA3183

Product Name: Citric Acid 50% Solution
Synonyms: None

Chemical Family: None Known
Application: Not Available.

Distributed By:
Univar Canada Ltd.
9800 Van Horne Way
Richmond, BC

V6X 1W5

Prepared By: The Environment, Health and Safety Department of Univar Canada Ltd.
Preparation date of MSDS: 04/Feb/2014
Telephone number of preparer: 1-866-686-4827

24-Hour Emergency Telephone Number (CANUTEC): (613) 996-6666

2. HAZARDS IDENTIFICATION

Potential Acute Health Effects:

Eye Contact: Causes eye irritation. Resulting in stinging, reddening, tearing and swelling.

Skin Contact: Causes skin irritation. Resulting in stinging, reddening and swelling.

Inhalation: May cause irritation of the respiratory tract.

Ingestion: If large amounts of the product are ingested, symptoms may include gastrointestinal irritation, nausea,
vomiting and diarrhea.

3. COMPOSITION/INFORMATION ON INGREDIENTS

Ingredients Percentage LD50s and LC50s Route & Species:
(WIW)
Water Balance Oral LD50 (Rat) >90 mL/kg
7732-18-5
Citric acid 30-60 Not available.
77-92-9

Note: No additional remark.

LA3183
Citric Acid 50% Solution
Page 1 of 5



4. FIRST AID MEASURES

Eye Contact: In case of contact, or suspected contact, immediately flush eyes with plenty of water for at least 15
minutes and get medical attention immediately after flushing.

Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 15 minutes. Get medical
attention. Remove contaminated clothing and launder before reuse.

Inhalation: Remove person to fresh air. If not breathing, give artificial respiration. If breathing is difficult, get immediate
medical attention.

Ingestion: Do NOT induce vomiting. Never give anything by mouth to an unconscious or convulsing person. Seek
immediate medical attention. If vomiting occurs spontaneously, keep head below hips to prevent aspiration of liquid into
the lungs.

Notes to Physician: Treat symptomatically.

5. FIRE FIGHTING MEASURES

Flash Point: None.

Flash Point Method: Not applicable.

Autoignition Temperature: Not available.

Flammable Limits in Air (%): Not Available.

Extinguishing Media: Use extinguishing media appropriate for surrounding fire.

Special Exposure Hazards: Not flammable.

Hazardous Decomposition/Combustion Materials (under fire conditions): Not available.
Special Protective Equipment: Not applicable.

NFPA RATINGS FOR THIS PRODUCT ARE: HEALTH 1, FLAMMABILITY 0, INSTABILITY 0
HMIS RATINGS FOR THIS PRODUCT ARE: HEALTH 1, FLAMMABILITY 0, REACTIVITY 0

6. ACCIDENTAL RELEASE MEASURES

Personal Precautionary Measures: Wear appropriate protective equipment.

Environmental Precautionary Measures: Prevent from entering into soil, ditches, sewers, waterways and/or
groundwater. Consult local authorities.

Procedure for Clean Up: Isolate hazard area and restrict access. Absorb with an inert dry material and place in an
appropriate waste disposal container. Flush area with water to remove trace residue. Collect washings for disposal.

7. HANDLING AND STORAGE

Handling: Avoid breathing mist or vapor. Avoid contact with eyes, skin and clothing. Protect from freezing. Wash
thoroughly after handling.

Storage: Store in a dry place away from excessive heat, in original or similar waterproof containers. Keep containers
tightly closed. Store between 10°C (50°F) - 60°C (140°F).

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Engineering Controls:

Local exhaust ventilation as necessary to maintain exposures to within applicable limits.
Respiratory Protection: Not normally required if good ventilation is maintained. Avoid breathing mists or vapors.
Gloves:

Rubber gloves. Vinyl gloves.

Skin Protection: Skin contact should be prevented through the use of suitable protective clothing, gloves and footwear,
selected for conditions of use and exposure potential. Consideration must be given both to durability as well as
permeation resistance. Wear chemical resistant pants and jackets, preferably butyl or nitrile rubber.

Eyes: Safety glasses with side shields or chemical goggles.

Other Personal Protection Data: Ensure that eyewash stations and safety showers are proximal to the work-station
location. Use good personal hygiene practices. Wash hands before eating, drinking, smoking, or using toilet facilities.

Ingredients Exposure Limit - ACGIH | Exposure Limit - OSHA |Immediately Dangerous
to Life or Health - IDLH
Water Not available. Not available. Not Available.
Citric acid Not available. Not available. Not Available.
LA3183
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9. PHYSICAL AND CHEMICAL PROPERTIES

Physical State: Liquid

Color: Clear Colorless

Odor: Essentially odorless to very slight sugar odor.
pH Not Available.

Specific Gravity: 1.24

Boiling Point: 104°C /219°F
Freezing/Melting Point: Not Available.
Vapor Pressure: 16 mmHg

Vapor Density: 0.62

% Volatile by Volume: 50%
Evaporation Rate: <1

Solubility: Completely miscible.
VOCs: Not Available.

Viscosity: Not Available.

Molecular Weight: 192.13

Other: Not Available.

10. STABILITY AND REACTIVITY

Chemical Stability: Stable.

Hazardous Polymerization: Will not occur.
Conditions to Avoid: None known.

Materials to Avoid: Carbon. Caustics.

Hazardous Decomposition Products: None known
Additional Information:

Solutions are mildly corrosive to carbon steel.

11. TOXICOLOGICAL INFORMATION

Principle Routes of Exposure

Ingestion: If large amounts of the product are ingested, symptoms may include gastrointestinal irritation, nausea,
vomiting and diarrhea.

Skin Contact: Causes skin irritation. Resulting in stinging, reddening and swelling.

Inhalation: May cause irritation of the respiratory tract.

Eye Contact: Causes eye irritation. Resulting in stinging, reddening, tearing and swelling.

Additional Information: Pre-existing eye and skin disorders may be aggravated by exposure to this product.

Acute Test of Product:

Acute Oral LD50: Not Available.
Acute Dermal LD50: Not Available.
Acute Inhalation LC50: Not Available.

Carcinogenicity:

Ingredients IARC - Carcinogens ACGIH - Carcinogens
Water Not listed. Not listed.
Citric acid Not listed. Not listed.

Carcinogenicity Comment: No additional information available.

Reproductive Toxicity/ Teratogenicity/ Embryotoxicity/ Mutagenicity: Not Available.

LA3183
Citric Acid 50% Solution
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12. ECOLOGICAL INFORMATION

Ecotoxicological Information:

Ingredients Ecotoxicity - Fish Species Acute Crustaceans Ecotoxicity - Freshwater
Data Toxicity: Algae Data
Water Not Available. Not Available. Not Available.
Citric acid LC50/96h/goldfish : 440-706 Not Available. Not Available.
mg/l

Other Information:
No additional remark.

13. DISPOSAL CONSIDERATIONS

Disposal of Waste Method: Disposal of all wastes must be done in accordance with municipal, provincial and federal

regulations.

Contaminated Packaging: Empty containers should be recycled or disposed of through an approved waste

management facility.

14. TRANSPORT INFORMATION

DOT (U.S.):

DOT Shipping Name: CORROSIVE LIQUID, ACIDIC, ORGANIC, N.O.S. (CITRIC ACID)

DOT Hazardous Class 8
DOT UN Number: UN3265
DOT Packing Group: Il

DOT Reportable Quantity (Ibs): Not Available.

Note: No additional remark.
Marine Pollutant: No.

TDG (Canada):

TDG Shipping Name: CORROSIVE LIQUID, ACIDIC, ORGANIC, N.O.S. (CITRIC ACID)

Hazard Class: 8

UN Number: UN3265
Packing Group: Il

Note: No additional remark.
Marine Pollutant: No.
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15. REGULATORY INFORMATION

U.S. TSCA Inventory Status: All components of this product are either on the Toxic Substances Control Act (TSCA)

Inventory List or exempt.

Canadian DSL Inventory Status: All components of this product are either on the Domestic Substances List (DSL), the
Non-Domestic Substances List (NDSL) or exempt.

Note: Not available.

U.S. Regulatory Rules

Ingredients CERCLA/SARA - Section SARA (311, 312) Hazard CERCLA/SARA - Section
302: Class: 313:
Water Not Listed. Not Listed. Not Listed.
Citric acid Not Listed. Not Listed. Not Listed.

California Proposition 65: Not Listed.

MA Right to Know List: Not Listed.

New Jersey Right-to-Know List: Not Listed.
Pennsylvania Right to Know List: Not Listed.

WHMIS Hazardous Class:
E CORROSIVE MATERIAL

16. OTHER INFORMATION

Additional Information: This product has been classified in accordance with the hazard criteria of the
Canadian Controlled Products Regulations (CPR) and the MSDS contains all the

information required by the CPR.

NOTICE TO READER:

Univar, expressly disclaims all express or implied warranties of merchantability and
fitness for a particular purpose, with respect to the product or information provided
herein, and shall under no circumstances be liable for incidental or consequential
damages.

Disclaimer:

Do not use ingredient information and/or ingredient percentages in this MSDS as a
product specification. For product specification information refer to a Product
Specification Sheet and/or a Certificate of Analysis. These can be obtained from
your local Univar Sales Office.

All information appearing herein is based upon data obtained from the manufacturer
and/or recognized technical sources. While the information is believed to be
accurate, Univar makes no representations as to its accuracy or sufficiency.
Conditions of use are beyond Univar's control and therefore users are responsible to
verify this data under their own operating conditions to determine whether the
product is suitable for their particular purposes and they assume all risks of their use,
handling, and disposal of the product, or from the publication or use of, or reliance
upon, information contained herein. This information relates only to the product
designated herein, and does not relate to its use in combination with any other
material or in any other process.

***END OF MSDS***
LA3183
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SAFETY DATA SHEET
@ veoua

1. Identification

Product identifier Hydrex 3613
Other means of identification None.
Recommended use Potable Water Flocculant

Recommended restrictions PROFESSIONAL USE ONLY
Manufacturer/Importer/Supplier/Distributor information

Supplier Veolia Water Technologies Canada Inc.
Address 2000 Argentia Road, Plaza 1V, Suite 430
Mississauga, ON L5N 1W1
Canada
Contact Person Hydrex Product Specialist
Telephone (905) 286-4846
Fax (905) 286-0488
e-mail vwtcanada-hydrex@veolia.com
24-Hour Emergency +1-760-476-3962 (Code:333239)
telephone
Supplier Not available.

2. Hazard(s) identification

Physical hazards Not classified.
Health hazards Not classified.
Environmental hazards Not classified.

Label elements

Hazard symbol None.
Signal word None.
Hazard statement The mixture does not meet the criteria for classification.
Precautionary statement
Prevention Observe good industrial hygiene practices.
Response Wash hands after handling.
Storage Store in cool place. Protect from sunlight. Store away from incompatible materials.
Disposal Dispose of contents/container to an appropriate treatment and disposal facility in accordance with
applicable laws and regulations, and product characteristics at time of disposal.
Other hazards None known.
Supplemental information None.

3. Composition/information on ingredients

Mixtures
Chemical name Common name and synonyms CAS number %
ADIPIC ACID 124-04-9 1-<3
Other components below reportable levels 90 - 100

All concentrations are in percent by weight unless ingredient is a gas. Gas concentrations are in percent by volume.

‘

4. First-aid measures

Inhalation Move to fresh air. Call a physician if symptoms develop or persist.

Skin contact Wash off with soap and water. Get medical attention if irritation develops and persists.
Eye contact Do not rub eyes. Rinse with water. Get medical attention if irritation develops and persists.
Ingestion Rinse mouth. Get medical attention if symptoms occur.

Material name: Hydrex 3613
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Most important Dusts may irritate the respiratory tract, skin and eyes.
symptoms/effects, acute and
delayed

Indication of immediate Treat symptomatically.
medical attention and special
treatment needed

General information Ensure that medical personnel are aware of the material(s) involved, and take precautions to
protect themselves.

5. Fire-fighting measures

Suitable extinguishing media Water fog. Foam. Dry chemical powder. Carbon dioxide (CO2).

Unsuitable extinguishing Not available.
media

Specific hazards arising from  Material can be slippery when wet. During fire, gases hazardous to health may be formed.
the chemical

Special protective equipment Self-contained breathing apparatus and full protective clothing must be worn in case of fire.
and precautions for

firefighters
Fire fighting Use water spray to cool unopened containers.
equipment/instructions
Specific methods Use standard firefighting procedures and consider the hazards of other involved materials.
General fire hazards No unusual fire or explosion hazards noted.
6. Accidental release measures
Personal precautions, Keep unnecessary personnel away. Wear appropriate protective equipment and clothing during
protective equipment and clean-up. For personal protection, see section 8 of the SDS. Slippery when wet.
emergency procedures
Methods and materials for Avoid the generation of dusts during clean-up. Collect dust using a vacuum cleaner equipped with

containment and cleaning up  HEPA filter. Stop the flow of material, if this is without risk.

Large Spills: Wet down with water and dike for later disposal. Shovel the material into waste
container. Following product recovery, flush area with water.

Small Spills: Sweep up or vacuum up spillage and collect in suitable container for disposal. For
waste disposal, see section 13 of the SDS.

Environmental precautions Avoid discharge into drains, water courses or onto the ground.

7. Handling and storage

Precautions for safe handling Minimize dust generation and accumulation. Provide appropriate exhaust ventilation at places
where dust is formed. Material can be slippery when wet. Practice good housekeeping.

Conditions for safe storage, Store in original tightly closed container. Store in a well-ventilated place. Store away from
including any incompatible materials (see Section 10 of the SDS).
incompatibilities

8. Exposure controls/personal protection

Occupational exposure limits  No exposure limits noted for ingredient(s).

Biological limit values No biological exposure limits noted for the ingredient(s).
Appropriate engineering If material is ground, cut, or used in any operation which may generate dusts, use appropriate local
controls exhaust ventilation to keep exposures below the recommended exposure limits.

Individual protection measures, such as personal protective equipment

Eye/face protection Wear safety glasses with side shields (or goggles) and a face shield. Chemical goggles and face
shield are recommended. Before any handling, wear protective glasses side-shields complying with
the NF EN 166.

Skin protection

Hand protection Chemical resistant gloves.

Other Wear suitable protective clothing. Chemical resistant gloves.
Respiratory protection Wear respirator with dust filter.
Thermal hazards Wear appropriate thermal protective clothing, when necessary.

Material name: Hydrex 3613
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General hygiene Always observe good personal hygiene measures, such as washing after handling the material and
considerations before eating, drinking, and/or smoking. Routinely wash work clothing and protective equipment to
remove contaminants.

9. Physical and chemical properties

Appearance Granular or Powder.
Physical state Solid.

Form Powder.
Color Off-white.
Odor Not available.
Odor threshold Not available.
pH Not available.
Melting point/freezing point  Not available.
Initial boiling point and Not available.

boiling range

Flash point Not available.
Evaporation rate Not available.
Flammability (solid, gas) Not available.

Upper/lower flammability or explosive limits
Flammability limit - lower Not available.

(%)
Flammability limit - Not available.
upper (%)
Explosive limit - lower Not available.
(%)
Explosive limit - upper Not available.
(%)
Vapor pressure Not available.
Vapor density Not available.
Relative density Not available.
Solubility(ies)
Solubility (water) Not available.
Partition coefficient Not available.
(n-octanol/water)
Auto-ignition temperature Not available.
Decomposition temperature  Not available.
Viscosity Not available.
Other information
Density 0.70 - 0.80 g/cm3
Explosive properties Not explosive.
Oxidizing properties Not oxidizing.
pH of 1% Solution 3-5
Reactivity The product is stable and non-reactive under normal conditions of use, storage and transport.
Chemical stability Material is stable under normal conditions. Material is stable under normal conditions.
Possibility of hazardous Hazardous polymerization does not occur.
reactions
Conditions to avoid Contact with incompatible materials. None under normal conditions.
Incompatible materials Oxygen.
Hazardous decomposition No dangerous reaction known under conditions of normal use. At thermal decomposition
products temperatures, carbon monoxide and carbon dioxide. Ammonia. Nitrogen oxides (NOx). Hydrogen

chloride.

Material name: Hydrex 3613
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11. Toxicological information

Information on likely routes of exposure

Inhalation Dust may irritate respiratory system.
Skin contact Dust or powder may irritate the skin.
Eye contact Dust may irritate the eyes.
Ingestion Expected to be a low ingestion hazard.
Symptoms related to the Dusts may irritate the respiratory tract, skin and eyes.

physical, chemical and
toxicological characteristics

Information on toxicological effects

Acute toxicity Not known.
Product Species Test Results
Hydrex 3613

Acute

Oral

LD50 Rat > 5000 mg/kg

* Estimates for product may be based on additional component data not shown.

Skin corrosion/irritation Prolonged skin contact may cause temporary irritation.
Serious eye damage/eye Direct contact with eyes may cause temporary irritation.
irritation

Respiratory or skin sensitization
Respiratory sensitization Not a respiratory sensitizer.

Skin sensitization This product is not expected to cause skin sensitization.
Germ cell mutagenicity No data available to indicate product or any components present at greater than 0.1% are
mutagenic or genotoxic.
Carcinogenicity Not available.
Reproductive toxicity This product is not expected to cause reproductive or developmental effects.

Specific target organ toxicity  Not classified.
- single exposure

Specific target organ toxicity = Not classified.
- repeated exposure

Aspiration hazard Not an aspiration hazard.
Further information This product has no known adverse effect on human health.
Ecotoxicity The product is not classified as environmentally hazardous. However, this does not exclude the
possibility that large or frequent spills can have a harmful or damaging effect on the environment.
Product Species Test Results
Hydrex 3613
Aquatic
Crustacea EC50 Daphnia > 10 mg/l, 48 hr
Fish LC50 Fish 3880 mg/I, 96 hours estimated

* Estimates for product may be based on additional component data not shown.
Persistence and degradability
Bioaccumulative potential
Mobility in soil No data available.

Other adverse effects No other adverse environmental effects (e.g. ozone depletion, photochemical ozone creation
potential, endocrine disruption, global warming potential) are expected from this component.
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13. Disposal considerations

Disposal instructions Collect and reclaim or dispose in sealed containers at licensed waste disposal site.

Local disposal regulations Dispose in accordance with all applicable regulations.

Hazardous waste code The waste code should be assigned in discussion between the user, the producer and the waste
disposal company.

Waste from residues / Dispose of in accordance with local regulations. Empty containers or liners may retain some product

unused products residues. This material and its container must be disposed of in a safe manner (see: Disposal
instructions).

Contaminated packaging Since emptied containers may retain product residue, follow label warnings even after container is
emptied. Empty containers should be taken to an approved waste handling site for recycling or
disposal.

14. Transport information

TDG

Not regulated as dangerous goods.
IATA

Not regulated as dangerous goods.
IMDG

Not regulated as dangerous goods.

Transport in bulk according to Not applicable.
Annex II of MARPOL 73/78

and the IBC Code
15. Regulatory information
Canadian regulations This product has been classified in accordance with the hazard criteria of the HPR and the SDS

contains all the information required by the HPR.
Controlled Drugs and Substances Act

Not regulated.
Export Control List (CEPA 1999, Schedule 3)

Not listed.
Greenhouse Gases

Not listed.
Precursor Control Regulations

Not regulated.
International regulations Additional information is given in the Safety Data Sheet.
Stockholm Convention

Not applicable.
Rotterdam Convention

Not applicable.
Kyoto protocol

Not applicable.
Montreal Protocol

Not applicable.
Basel Convention

Not applicable.
International Inventories

Country(s) or region Inventory name On inventory (yes/no)*
Australia Australian Inventory of Chemical Substances (AICS) Yes
Canada Domestic Substances List (DSL) Yes
Canada Non-Domestic Substances List (NDSL) No
China Inventory of Existing Chemical Substances in China (IECSC) Yes
Europe European Inventory of Existing Commercial Chemical Substances No
(EINECS)
Europe European List of Notified Chemical Substances (ELINCS) No

Material name: Hydrex 3613
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Country(s) or region Inventory name On inventory (yes/no)*

Japan Inventory of Existing and New Chemical Substances (ENCS) Yes

Korea Existing Chemicals List (ECL) Yes

New Zealand New Zealand Inventory Yes

Philippines Philippine Inventory of Chemicals and Chemical Substances Yes
(PICCS)

United States & Puerto Rico  Toxic Substances Control Act (TSCA) Inventory Yes

*A "Yes" indicates that all components of this product comply with the inventory requirements administered by the governing country(s)
A "No" indicates that one or more components of the product are not listed or exempt from listing on the inventory administered by the governing

country(s).
Issue date 04-20-2017
Version # 01
Disclaimer Veolia Water Technologies is not able to anticipate all conditions under which this information and

its product, or the products of other manufacturers in combination with its product, may be used.
It is the user’s responsibility to ensure safe conditions for handling, storage and disposal of the
product, and to assume liability for loss, injury, damage or expense due to improper use and or non
respect of Veolia Water Technologies’ requirement.

Revision information Product and Company Identification: Product Review
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@ Safety Data Sheet
CONTROLCHEM

CC 4509 Waste Water Treatment-Powdered Flocculant

SECTION 1. IDENTIFICATION

Prbduct Identifier CC 4509 Waste Water'Treatment—Powdered Flocculant

Manufacturer Control Chem Canada Ltd., 4460 Harvester Road, Burlington, Ontario, L7L 4Xx2,
905-319-2234, www.controlchem.com

Emergency Phone No. CANUTEC, 613-996-6666 (*666 cell)
Control Chem Canada Ltd., 1-866-882-2436
SDS No. 0716

SECT!ON 2. HAZARD IDENTIFICATION

Classmcatlon :
Not classified under any hazard class.
Label Elements

Not applicable

SECTION 3. COMPOSITIONI[NFORMAT!ON ON [NGREDIENTS

Notes

Product components present are either non-hazardous or are not present at levels sufficient to classify product as a
health or physical hazard.

SECTION 4. FIRST-AID MEASURES
First-aid Measures
Inhalation
- Meve te fresh air and avoid breathing product. Get medical advice or attention if you feel unwell or are concerned.
Skin Contact

Wash gently and thoroughly with lukewarm, gently flowing water and mild soap for 5 minutes. Get medical advice or
attention if you feel unwell or are concerned.

Eye Contact

Immediately and thoroughly flush eyes and under eyelids with water for 15 minutes. Obtain medical attention
immediately if irritation persists.

Ingestion
Rinse mouth with water. Get medical advice or attention if you feel unwell or are concerned.

SECTION 5. FIRE-FIGHTING MEASURES

Extmgulshlng Media
Suitable Extinguishing Media

Dry chemical, water, carbon dioxide or foam. Use water to keep non-leaking, fire-exposed containers cool.
Unsuitable Extinguishing Media

Product Identifier: CC 4509 Waste Water Treatment-Powdered Flocculant - Ver. 1 ~ SDS No.: 0716
Date of Preparation: October 03, 2017
Date of Last Revision: October 30, 2015 Page 01 of 05



None known.
Specific Hazards Arising from the Product

This product presents no unusual hazards in a fire situation.

Not known to generate any hazardous decomposition products in a fire. Hydrogen cyanide may be generated in an
oxygen deficient atmosphere.

Special Protective Equipment and Precautions for Fire-fighters
Wear full protective equipment including a self-contained breathing apparatus.

SECTION 6. ACC!DENTAL RELEASE MEASURES

Personal 'Pl"ecauﬁons, Protective Equipment, and Emergency Procedures
No special precautions are necessary. Use the personal protective equipment recommended in Section 8 of this safety
data sheet.

Environmental Precautions

Do not allow to contaminate water.

Methods and Materials for Containment and Cleaning Up

Collect using shovel/scoop or approved HEPA vacuum and place in a suitable container for disposal. After cleaning,
flush away traces with water.

SECTION 7. HANDLING AND STORAGE
P‘rbecaut'i'oﬁé for Safe Handlmg % o =1
Handle in accordance with good industrial hygiene and safety practices. It is good practice to: avoid breathing product:
avoid skin and eye contact and wash hands after handling.

Conditions for Safe Storage

Store in a cool, dry, well-ventilated location. Protect from conditions listed in Conditions to Avoid in Section 10 (Stability
and Reactivity).

SECTION 8. EXPOSURE CONTROLS/PERSONAL PROTEGTION

Appropriate Engineering Controls
The hazard potential of this product is relatively low. General ventilation is usually adequate. Use local exhaust
ventilation, if general ventilation is not adequate to control amount in the air.
_Individual Protection Measures
Eye/Face Protection
Wear safety goggles or glasses when handling product.
Skin Protection

Wearing gloves when handling is recommended.
Respiratory Protection
Use a NIOSH approved dust mask to control nuisance dust.

SECTION 9. PHYSICAL AND CHEMICAL PROPERTIES
Basic Physi'célr and Chemical Properties

Appearance White crystalline powder.

Odour Odourless

Odour Threshold Not available

pH Not available

Melting Point/Freezing Point Not available (melting); Not available (freezing)

Initial Boiling Point/Range Not applicable

Flash Point Not available

Product Identifier: CC 4509 Waste Water Treatment-Powdered Flocculant - Ver. 1 SDS No.: 0716
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- _.Corrosive, flammable ammonia; very toxic carbon monoxide, carbon dioxide; corrosive hydrogen chloride; corrosive

Evaporation Rate Not applicable

Flammability (solid, gas) Not available
Upper/Lower Flammability or Not available (upper); Not available (lower)
Explosive Limit

Vapour Pressure Not available

Vapour Density (air = 1) Not available

Relative Density (water = 1) Not available

Solubility Moderately soluble in water
Partition Coefficient, Not applicable
n-Octanol/Water (Log Kow)

Auto-ignition Temperature Not available
Decomposition Temperature Not available

Viscosity Not applicable (kinematic)
Other Information

Physical State Solid

Bulk Density ~ 0.85 kg/m3

SECTION 10 STABILITY AND REACTIVITY
Reactmty

None known.

Chemical Stability

Normally stable.

Possibility of Hazardous Reactions

None known.

Conditions to Avoid

Water, moisture or humidity. Incompatible materials.
Incompatible Materials

Strong oxidizing agents (e.g. perchioric acid).
Hazardous Decomposition Products

]

oxidizing nitrogen oxides.

SECTION 1. TOXICOLOGICAL INFORMATION

Skin Corros:on/Irntahon
Not a skin irritant.
Serious Eye Damagel/irritation
Not an eye irritant.
STOT (Specific Target Organ Toxicity) - Single Exposure
Inhalation
May cause irritation to the lungs and mucous membranes. Avoid breathing dust.
Skin Absorption
No information was located.
Ingestion
No information was located.
STOT (Specific Target Organ Toxicity) - Repeated Exposure
No information was located.

Product Identifier: CC 4509 Waste Water Treatment-Powdered Flocculant - Ver. 1 SDS No.: 0716
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Respiratory and/or Skin Sensitization
Not known to be a respiratory sensitizer. Not known to be a skin sensitizer.
Carcinogenicity
Not known to cause cancer.
Reproductive Toxicity
Development of Offspring
Not known to harm the unborn child.
Sexual Function and Fertility
Not known to cause effects on sexual function or fertility.
Effects on or via Lactation
No information was located.
Germ Cell Mutagenicity
Not known to be a mutagen.
Other Information

LDS50 Oral: Based on Acute Toxicity Estimate (ATE) data, the classification criteria are not met. ATE>2000 mg/kg. LD50
Dermal: Based on Acute Toxicity Estimate (ATE) data, the classification criteria are not met. ATE>2000 mg/kg. LC50
Inhalation: Based on Acute Toxicity Estimate (ATE) data, the classification criteria are not met.

SECTION 12. ECOLOGICAL lNFORMATION - -

e |ty S aa 2o =
No data available.

Persistence and Degradability

Biodegradable by hydrolysis.

Bioaccumulative Potential

This product and its degradation products are not known to bicaccumulate.

Mobility in Soil

If released into the environment, this product can move slowly through the soil.

SECTION 13. DISPOSAL CONSIDERATIONS
Disposal Methods ' =,

All disposals must be made in accordance with applicable government regulations only. Under no conditions is any
product to be released into the natural environment (ie. air, water, ground).

SECTION 14. TRANSPORT INFORMATION
Not regulated under Canadian TDG regulations.
Special Precautions  Not applicable

Transport in Bulk According to Annex Il of MARPOL 73/78 and the IBC Code
Not applicable

_SECTEON 15. REGULATORY INFORMATION

Safety, Health and Environmental Regulations
None known.

SECTION 16. OTHER INFORMATION

SDS Prepared By Quality Assurance Department
Product Identifier: CC 4509 Waste Water Treatment-Powdered Flocculant - Ver. 1 SDS No.. 0716
Date of Preparation: October 03, 2017

Date of Last Revision: October 30, 2015 _ Page 04 of 05



Phone No.
Date of Preparation
Date of Last Revision

References

Disclaimer

905-319-2234
October 03, 2017
October 30, 2015

Supplier Safety Data Sheet eCHA-European Chemicals Agency cHEMINFO database.
Canadian Centre for Occupational Health and Safety (CCOHS). HSDB® database. US

National Library of Medicine. Available from Canadian Centre for Occupational Health and
Safety (CCOHS).

THIS SAFETY DATA SHEET IS OFFERED FOR YOUR INFORMATION, CONSIDERATION
AND INVESTIGATION, AS REQUIRED BY FEDERAL HAZARDOUS PRODUCTS ACT AND
RELATED LEGISLATION. THE INFORMATION IS BELIEVED TO BE ACCURATE, BUT
CONTROL CHEM CANADA LTD. PROVIDES NO WARRANTIES, EITHER EXPRESSED OR
IMPLIED. THE USER ASSUMES ALL RISK TO PERSONS, PROPERTY AND
ENVIRONMENT THROUGH USE OR MISUSE. ALL PRODUCT WARRANTIES ARE
LIMITED TO THE REPLACEMENT VALUE OF THE PRODUCT.
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Du novation'

SECTION 1 - CONTACTING H,O0 INNOVATION

If you need telephone or on-site service support, chemicals, membranes, filters, or spare parts for your
system, please contact your H,0 Innovation SP&S Regional Manager. If they are unavailable or to place
standard orders the following contact information can be used.

Service in the United States Service in Canada
(763) 566-8961 (418) 688-0170 #321
service.us@h2oinnovation.com service.ca@h?2oinnovation.com

Should you require EMERGENCY support for anything other than a chemical spill, you can contact our
24-hour hotline at 1-855-H20-SRVC (1-855-426-7782). The number is not routed to a call center, but
rather it will ring the cell phone of the service person on-call. While we cannot commit to an immediate
answer, our goal is to respond to emergency calls within 2 hours. For emergencies regarding chemical
spills, refer to the SDS for the specific chemical.

FOR EMERGENCY SERVICE 24 HOURS A DAY
PLEASE CALL :

1855- HZO SRVC

(1855 -426 - 7782)

ko h2olnnovation.com

Please note that the following standard rates may apply (all rates are valid for 2016 calendar year —
please contact H,O Innovation for a current rate sheet if required).

Table 1: Service Rates

Role Hourly Rate ‘
On-site: Field service technician ** $125
On-site: Engineer or Programmer ** $125
Off-site: Field service technician ® $125
Off-site: Engineer or Programmer ° $125

Hours in excess of a 10-hour work day will be invoiced at 1.5 x the applicable labor rate.

Automobile mileage expenses will be invoiced at $0.56 / mile.

Hotel, airfares, flight change fees and related travel expenses will be invoiced at 1.15 times cost.
Meals will be invoiced at a per diem rate of $58.50.

Including on site visit preparation, travel time, support by telephone or email and report writing time.

Notes:

vk wnNe
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SECTION 2 - SYSTEM OVERVIEW

2.1 - INTRODUCTION

This operation and maintenance manual, submitted by H,O Innovation, is intended for a membrane
bioreactor containerized waste water treatment plant. This system consists of the following subsystems:

Screening and Flow Equalization

Aerobic Biological Treatment

Membrane Bioreactor (MBR) Filtration System
Ultra-Violet Treatment System

vk wnN e

Sludge Handling System and Tank

This waste water treatment plant is designed for municipal sewage surface water discharge. The system
was based on a maximum daily flow of 216 m*/day, with a peak hourly flow of 106 m*/hour. The
equalization system is designed for a peak hourly flow lasting no longer than 1 hour over a 24 hour
period.

This manual is intended to cover various equipment, instruments and valves that make up the
wastewater treatment system and the specifications and design conditions. Equipment that is not part
of H,0O Innovation’s supply is not covered in this manual. Moreover, it is beyond the scope of this
manual to describe the operating processes and control systems that are not provided by H,0
Innovation.

This manual contains drawings of the system, process and instrumentation diagrams, wiring diagrams,
maintenance procedures and any other documents necessary for operation. In addition, subsequent
parts of this manual contain the necessary technical documents, obtained from manufacturers, to
operate specific components and ensure good maintenance procedures.

2.2 - PROCESS DESCRIPTION

2.2.1 - SCREENING AND FLOW EQUALIZATION

Influent wastewater is pumped the two aerated equalization tank. The equalization system is able to
manage a variation in flows. It provides raw wastewater storage of up to 50% of the design flow to store
feed during high flow periods and to ensure feed supplementation during low flow periods. It provides a
stable and consistent raw feed for the downstream processes. Equalized water is pumped via two
equalization pumps into a standpipe inside the second tank and flows from that pipe by gravity to the
fine screens. The fine screens are rotary drum screens with 2 mm perforated plate openings that
operate continuously. The screens will ensure the removal of large trash and debris to protect
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downstream equipment. Pressurized wash water is used intermittently to clean the screens and
screenings.

2.2.2 - AEROBIC BIOLOGICAL TREATMENT

Screened raw water falls by gravity from the screens into the sump tank, where it is pumped to the
aerobic tank, which is located outdoors. Aerobic biological treatment remove the organic load
(measured as BOD) of the wastewater. Bacteria grown in the bioreactor remove unwanted organic
pollutants to produce a treated water of high quality. Oxygen is supplied by regenerative blowers and is
injected by fine bubble diffusers in the tank. The diffusers are designed for a wide range of air flows,
according to the system’s demand in oxygen. It keeps a dissolved oxygen concentration of at least 2
mg/L at any time to satisfy the needs of the biomass. The mixed liquor suspended solids (MLSS)
overflows into a standpipe inside the tank and flows by gravity to the membrane filtration trains.

2.2.3 - MEMBRANE FILTRATION SYSTEM

Membrane filtration is used to separate the bacteria from the water to ensure keeping them in the
process at the desired concentration. Activated sludge is returned at a constant flow rate to the aerobic
tank to prevent a build-up of sludge in the membrane tank. The return activated sludge (RAS) is pumped
at a higher flow rate than the design flow rate of the plant, to make sure that there is good circulation in
the whole system and that there is no accumulation of solids.

The membranes chosen for this plant are manufactured by Hydranautics. The HSM450-ES-HSE15 model
is totally submerged and has a pore size of 0.4 microns, which remove all suspended solids in the
effluent.

Permeation pump are provided to suction the effluent through the membrane modules and transport it
to the permeate tank. Permeation pumps are supplied with variable speed drives to overcome any
changes in transmembrane pressure and achieve the design flows at all times.

The operating cycle for the selected modules is to suction effluent water for seven minutes and to relax
the membrane for one minute. The cycle optimizes the long-term operation of membrane modules. The
housings are constructed with an integrated diffuser at bottom to aerate continuously the membrane
and prevent clogging and accumulation of sludge. The relaxation of the membranes allows extending
the interval between cleanings (CIP or Clean-In-Place). CIP cleans are done about twice a year. Washes
are performed with permeate stored the permeate storage tank while a cleaning chemical (either
sodium hypochlorite or citric acid) is added. Chemical solutions are reverse flowing through the
membranes, which are soaked for a few hours after. After washing, the permeation is restarted. While a
train is washing the other train can continue to treat water and ensure a continuous production of
effluent.
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Once a week, a chemically enhanced backpulse (CEB) should be performed on the membrane modules
with sodium hypochlorite to mitigate membrane fouling. Permeate flow is reversed to flow back into
the membranes while the cleaning chemical is added inline.

2.2.4 - UV DISINFECTION SYSTEM

From the permeate pumps, each membrane bioreactor train sends permeate through an inline
ultraviolet disinfection system. It is a physical process that inactivates instantaneously microorganisms.
The UV system process adds no chemicals to the water, and therefore, has no impact on the chemical
composition of the effluent. From here, effluent is sent to a common permeate storage tank. The
permeate tank acts as a reservoir for treated water that is then pumped to a discharge location. This
tank can also be used for CEB and CIP processes, as previously mentioned.

2.2.5 - SLUDGE HANDLING SYSTEM

Since bacteria continue to reproduce as they consume organics and nutrients, the concentration of
biomass, measured as MLSS, increases with time. Periodic sludge wasting is required to control the
mixed liquor suspended solids (MLSS) concentration in the bioreactor tanks.

Sludge is sent to the sludge storage tank by redirecting the flow of the RAS pump. A blower and coarse
bubble diffuser system maintains an aerobic environment within the sludge tank to minimize the
proliferation of odours. Periodic settling is used to facilitate the thickening of the waste activated
sludge. The supernatant (upper portion of the tank) is sent back to the sump tank by opening a valve,
where it will re-enter the treatment process. This operation (called decanting) reduces the volume of
sludge that needs to be handled and extends the period of time that the sludge tank can be used before
thickened sludge must be disposed of.

2.3 - DESIGN PARAMETERS

The main design parameters and the general configuration of this wastewater treatment system are
presented in the tables below. Table 2 presents the flows that were considered for the design.

Table 2: Wastewater Treatment Plant Typical Flows

Typical Flow Value

Maximum Daily Flow (ADF) 216 m*/day
Design Flow 216 m*/day
Peak Hour Flow’ 106 m*/hour

Note 1 : The equalization system is designed for a peak hourly
flow lasting no longer than 1 hour over a 24-hour period.

Table 3 presents the influent characteristics and the effluents limits.
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Table 3 : Influent Characteristics and Effluent Limits

Parameter Influent Average Effluent Quality
BOD:; (Five-day Biochemical Oxygen Demand) 200-360 mg/L <25 mg/L
TTS (Total Suspended Solids) 50-350 mg/L <25 mg/L
Alkalinity 250-500 mg/L 50 mg/L
TKN (Total Kjeldahl Nitrogen) 45-60 mg/L -
Ammonia Nitrogen (NH;-N) 40-50 mg/L 0,89 mg/L
Total Phosphorus 5-12 mg/L -

E. Coli - 1000 MPN / 100 mL
pH 6,5-8,5 6-9
Temperature 10-20 °C -

Fats, Oils and Grease 20-50 mg/L 15 mg/L

Please note that benzene, toluene, ethylbenzene, lead and aluminum are not specifically targeted or
removed during the wastewater treatment process and can therefore not be guaranteed.

The design parameters of this system are shown is the following table.

Table 4: Design Parameters of the Waste Water Treatment Plant

Parameter Value |
Number of process trains 1

Number of membrane trains and UV systems in the process train 2

Number of membrane modules per membrane trains 1

Total Membrane Area 900 m*

Design Flow 206 m*/d

F:M (Food to Microorganism) Ratio 0.1 kgpos/kgmiss per day
Targeted MLSS (Mixed Liquor Suspended Solids) Concentration <10 000 mg/L

The membrane filtration and UV disinfection systems operate as two separate trains. Therefore, if
maintenance is required for any piece of equipment on one of the trains, the plant can continue to
operate on one train treating the full flow for short periods. In the event of very low sewage
production, a train can be put offline by draining and flushing the systems and filling the membrane tank
with permeate. The membranes must always be kept wet once they are commissioned.
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2.4 - CRITICAL PARAMETERS OF RAW WATER

This configuration is based on the parameters provided in your application package. If significant
changes in the concentrations of raw water cause a need for additional treatment equipment, these will
be the customer’s expense.

Warning: The system can be damaged if water of a different composition that
the one that has been submitted is used. A change in the composition of water
may request additional equipment, more frequent washing or other different
operating procedures. Please also note that the system performances may vary
with the quality of the water influent.

Table 5 shows the critical parameters of raw water that need to be respected at all times to make sure
not to affect the integrity of the membrane modules.

Table 5: Critical Parameters of Raw Water

Parameter Value \
Minimum Temperature of Raw Water 5°C

Maximum Temperature of Raw Water 40°C

Feed Water pH Range 6-8

MLSS (Mixed Liquor Suspended Solids) Concentration Range 8 000 — 12 000 mg/L

When properly operated and maintained, the process and equipment designed for this plant adequately
addresses the water influent and easily meets the operations specifications. If the feed water is no
longer situated in the parameters previously defined due to a change in the quality of the raw water or
equipment failure of the unit, you must not operate the equipment and this until the situation is
rectified. The situation is restored when the raw water is once again within the operating parameters or
if the situation has been evaluated by H,0 Innovation and a discharge is given to continue operations.
Continue operations with raw water that exceeds the critical parameters can cause irreversible damage.
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SECTION 3 - PRE-OPERATIONAL PROCEDURES
3.1 - INSTALLATION INSTRUCTIONS

3.1.1 - INTRODUCTION

It is expected that the contractor installing this system is familiar with normal construction means and
methods for water treatment equipment of this nature and that detailed instructions for installation are
not required. Since the installation of the system is outside of H,0 Innovation’s scope, the following is
provided as general guideline only. Typical construction site safety practices must be followed as a
priority. It is critical to review the safety section of this manual before any work begins: Section 7 —
Safety.

For each item that is loose shipped with the system, follow the installation instructions included in
Section 10 — Vendors O&M Data and Manuals of this manual. This also applies to the membranes
provided with the system (if included). When membranes are included, membrane elements need to be
protected from drying, freezing and systems must be fully depressurized before loading or unloading
membrane elements. Membranes are typically one of the last components to be installed in the plant.

It is not expected that a representative from H,0 Innovation will be on site during the installation phase
of the project. Unless special provisions are included in the scope of this project, the H,O Innovation
representative will only come to site once installation has been certified as complete by the contractor.

The following sections provide some general guidelines when it comes to installing the system. Refer to
the project drawings (Section 9 — Drawings and Diagrams) for details on how the system is designed and
configured. The drawings that the installation contractor will need are included with this manual and are
typically piping and instrumentation diagrams (P&IDs), general arrangements (GAs), assembly drawings,
and electrical drawings, etc. Drawings provided by the Owner’s engineer or other outside firms should
also be referred to and discrepancies noted to all affected parties for resolution. Ensure that drawings
are red-lined and updated as changes are made in the field. These red-lined drawings must be
forwarded to H,0 Innovation before the field service representative comes to site.

Before performing any installation work please read the section in this
manual on safety: Section 7 — Safety.
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3.1.2 - SHIPPING, RECEIVING AND STORAGE

Equipment will be typically packaged and shipped from one of H,O Innovation’s factories. Drop
shipments are also possible for loose ship items. Please discuss timing of shipments with the H,0 project
manager so that receipt can be coordinated with other site activities. All shipments must be inspected
on arrival for signs of damage or discrepancies with the packing slips. Any noted damage must be
photographed immediately and a report sent to H20 Innovation. Typically, ownership of the equipment
transfers to the installation contractor at the reception of the equipment on site. Damage that occurs
after ownership has transferred will not be the responsibility of H,O Innovation.

Equipment should be stored on site by the installation contractor in a dark, dry location and secured to
prevent theft. Temperature should be controlled to between 5°C and 30°C. Ensure control panel doors
are kept closed unless the panel is being worked on. This will help to keep the interior clean. Keep
strong electromagnetic radiation sources away from the sensitive electrical equipment that comes in
control panels and instrumentation during storage and installation.

If rotating equipment is going to be left on site for extended periods, please inform the H,0 Innovation
project manager so that advice on how often to rotate shafts can be provided. Also, electrical
connection to specific equipment heaters may be needed to prevent condensation, particularly in
motors.

3.1.3 - SKID AND TANK MOUNTING

Supports for skids or loose ship items typically consist of a 4” to 6” concrete housekeeping pad that has
been designed by a local structural engineer and installed by the site contractor. Foundations for the
pads need to be designed to support the planned, wetted equipment weight. It is also possible that
other arrangements have previously been discussed and agreed with H,0 Innovation engineering and
are reflected on the project drawings. The net result in either case is that a solid, level surface is
required around the entire perimeter of the skid frame, equipment item or tank bottom to provide
support for the equipment and dampen vibrations.

Lifting procedures are typically produced by specialized contractors on site. H,0 recommends using
spreader bars such that angular loads are not applied to lifting lugs on skid frames and tanks.

Skids and tanks are typically anchored to the mounting surface. Anchors are usually specified by a
licensed structural engineer for the specific plant location. Refer to the project submittals and drawings
for information on anchorage requirements. Anchors should always be installed according to their
installation instructions.

3.1.4 - EQUIPMENT INSTALLATION

Place all major components, such as pumps, blowers, skids and tanks as shown on drawings provided in
this manual (9.3— General Arrangement Drawings). Ensure any valves or other components that were
removed for shipping are placed in the correct location and fastened.
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Major equipment items are often grouted in place. Please refer to specific installation instructions for
each item to see if grouting is required (Section 10 — Vendors O&M Data and Manuals). After grouting
has been completed and set, align all rotating equipment as described in the installation instructions.

Perform initial startup procedures (vibration checks, bumping) for all rotating equipment as per
manufacturer instructions and contractual requirements.

3.1.5 - VALVE INSTALLATION

Butterfly valves should be installed in the partially open position and stroked during the installation
process. Please see manufacturer’s specific instructions in Section 10 — Vendors O&M Data and
Manuals. Mating pipe flanges need to be aligned tangentially and also with an axial gap that agrees with
the valve lay length so that no loads are applied to the valve in any direction when it is in place.

Butterfly valves that are installed in lines that could see sediment, solids or two phase flow should be
installed such that the valve shaft is horizontal. This allows passage of solids and air.

Ball valves should not be used to support piping loads. Threaded metallic valves should be installed
using double pipe wrenches and appropriate sealant on the joints. Orientation is not a concern for ball
valves in general. Ensure packing is torqued to the requirements in the vendor information.

3.1.6 - NOZZLES AND PIPING

Interconnecting piping that is not included in H,O Innovation scope, needs to be supplied by the
installation contractor. All piping should be installed according to the drawings provided by both H,0
Innovation and the Owner’s Engineer.

Mating piping must not impart a load in any direction to nozzles or other connections on a skid or tank.
This means that piping must be fully supported such that if the equipment or skid flange is removed, the
piping will remain in its place. Pipe support designs are typically completed and sealed by a structural
engineer for the jurisdiction in which the plant is being installed. The engineer should also take dynamic
loads due to moving fluids and operating pressure into account in the design of the piping system. Note
that PVC piping requires support more often than metallic piping and there are known standards for
how often this piping needs to be supported.

Skid and tank drain connections for block and bleed lines, instrument sample drains or general process
drains must be designed with an air gap (unless specified otherwise) and sized to accommodate the full
expected design flow plus a generous safety margin. Generally speaking, a sloped floor drain should be
located in the vicinity of each skid to provide a destination for instrumentation drains and piping
maintenance drains. Instrumentation drains should be plumbed into the drain so that slip hazards are
not created by water flowing across the floor.

It is expected that the installation contractor will flush all piping before commissioning (this includes
factory installed piping. H,0 Innovation recommends that potable water be used for pipe and tank
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flushing. Frequent visual inspections during construction can be helpful to remove construction trash
and dust that often ends up in piping systems.

Piping is often lined for corrosion protection. This is true of carbon steel pipe and also stainless steel
pipe. Stainless steel has a thin chromium oxide layer that provides the inherent corrosion protection.
Welding, heating or mishandling any of these piping and fittings can damage the coatings and thus
compromise the corrosion protection. Metallic piping that is perpetually wet on the outside due to
building ventilation issues (or other HVAC issues) is particularly prone to corrosion. Building ventilation
needs to be sized to control condensation inside buildings.

Stainless steel components (not just piping) should not be handled by mild steel equipment (like mild
steel forklift tines or chains) as the stainless steel surface can be marred or scratched resulting in the
loss of corrosion resistance. Carbon steel can be imbedded in the stainless surface and lead to corrosion.
Keep carbon steel from contacting stainless steel during the installation process and only use tools that
are dedicated for use on stainless steel when installing and working with stainless steel.

Also, if stainless steel is stored outdoors, it should be covered and protected from the blowing dust and
sand that is common on construction sites. The surface of the stainless steel can be abraded and
damaged when stored outdoors. Also, when grinding or welding near stainless steel, protect the
material with guards or ensure that the stainless is thoroughly cleaned, pickled and passivated
afterwards (it is possible to use pickle/paste compound, but this method is not suitable for large
surfaces or is not a substitute for pickling according to ASTM A380 in an acid bath).

Stainless steel can also be subject to attack by chlorides and sources are common in water treatment
plants (salt water, sodium hypochlorite). Ensure that all steel surfaces are kept away from chloride
sources that they are not designed to protect against.

Polyvinyl chloride (PVC) piping is brittle and care should be used when handling components made of
PVC. Temperature extremes should also be avoided with PVC as well as mechanical stresses. PVC is not
ultraviolet (UV) resistant and should not be stored where sunlight can contact the surface (this includes
both direct and indirect sunlight). Chlorinated polyvinyl chloride (CPVC) piping does have higher UV,
chemical and temperature resistance but the same general storage guidelines should be followed. PVC
is not designed to convey compressed gasses (like air). Air must be completely bled from all PVC or CPVC
lines before equipment is put into operation.

High density polyethylene (HDPE) is often used as an alternative to PVC. The key factor when installing
HDPE piping is that it expands and contracts significantly with temperature shifts. Temperature can be
changed in an HDPE pipeline by internal factors (e.g. during a high temperature CIP) or by external
factors (e.g. a stagnant line exposed to sunlight). The support system and joints need to be designed to
accommodate this expansion and contraction of HDPE.

Joints in chemical lines should not be located over electrical equipment or over areas where operators
could reasonably be anticipated to be on a regular basis. Ideally, chemical system joints have flange
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guards installed such that leakage can be detected visually. Another approach for chemical systems is to
use double-walled piping with leakage detection systems.

Follow torquing recommendations provided by equipment vendors for all bolted connections; ideally by
hand and not with power tools. Connections should be torqued in a star pattern to apply even force to
the flanges or joints. Please ensure that the required flat washers and lock washers are included with
these connections and that the bolt heads and nuts lie flat on the washers.

Note that stainless steel bolting will require an appropriate anti-seize compound applied to the threads
before the connection is made. Fastening hardware specifications are listed on H,O Innovation drawing
notes and must be followed. These hardware specifications are applicable to shop manufactured
equipment and field assembled components. For connections that are submerged, use NSF approved
anti-seize in drinking water applications (e.g. White Knight food grade anti-seize compound).

3.1.7 - ELECTRICAL INSTALLATION

Refer to the project electrical drawings in this manual (Section 9 — Drawings and Diagrams) and the plant
electrical drawings provided by the Owner’s engineer. Electrical connections and interconnections to
junction boxes and panels provided by H,0 Innovation must meet regulatory and local standards.
Electrical work must be completed by licensed and insured electricians in the jurisdiction where the
facility is being constructed. Interconnecting electrical cables need to be sized for the maximum
anticipated electrical load and well supported in trays or conduit. Use separate cable trays for 24 VDC,
120 VAC and 600 VAC wire runs. Ensure that all panels, skids and cable trays (and electrical equipment
in general) are properly and adequately grounded.

Generally speaking, systems will have a control panel and a power panel (these are often combined in
smaller plants). Both panels need to be mounted and anchored in accordance with the project drawings.
Like mechanical equipment, electrical equipment needs to be anchored according to local structural
requirements if it is loose ship. Pre-mounted panels are taken into account when analyzing the support
frames.

Field mounted instrumentation is normally wired to either a local junction box or back to the main
control panel. This will be detailed in the electrical drawings for the plant. Ensure that the wire numbers
depicted in the electrical drawings are clearly shown and permanently labeled on the field cables.
Ensure that the electrical drawings are red-lined and updated as changes are made in the field. These
red-lined drawings must be forwarded to H,0 Innovation before the field service representative comes
to site.

Once equipment has been installed and wired the on-site electrician typically:

1. Bumps three phase motors to ensure that they have been wired for the correct rotational
direction and changes the wiring if not correct.
2. Performs a continuity test for all field wiring.
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3. Powers up the panels.

Ensures that all analog and digital signals to and from the Programmable Logic Controller (PLC)
are transmitting properly.

Calibrates all instruments (see Section 3.3 — Calibration and Instrument Care).

Red lines electrical drawings with any changes that occurred in the field.

Shuts off power feeding the plant to ensure that the UPS is working properly.

©® N o w

Ensures that all of the remote |0 is communicating with main PLC. Since a ring topology
configuration is typically used, any Ethernet cable or fiber optic cable can be disconnected and
the system should remain connected and communicating.

3.2 - COMMISSIONING

Before performing any commissioning work on this system please read the
section in this manual on safety: Section 7 — Safety.

Commissioning services and on-site support are included in the contract and provided by H,0O
Innovation. Refer to specific documentation related to commissioning for detailed information.
Typically, the customer or contractor is responsible for ensuring a supply of electricity, raw water and a
receiving destination for the treated water for pipe and module flushing and performance testing of the
equipment. Also, the customer is responsible for the provision of necessary analytical tests for treated
water quality during performance testing.

The services of a qualified electrician, pipefitter and millwright are required when H,0 Innovation staff
are on site. The costs for these journeyman services are normally excluded from the commissioning
contract value.

3.3 - CALIBRATION AND INSTRUMENT CARE

Before performing any calibration work on this system please read the
section in this manual on safety: Section 7 -Safety.

Table 6 provides some general guidance on calibration and care for instruments in this facility and
where to find the vendor information related to each type of instrument.
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Table 6: Calibration and Instrument Care Guidance Summary

Manufacturer Instrument Frequency Necessary Materials

ABB Pressure Transmitter Semi-annual None Al-1
ABB Turbidimeter Quarterly None Al-2
Chemline Isolated Pressure Gauge Semi-annual Glycerin, replacement diaphragm (if required) C1-5
Endress & Hauser Level Transmitter Annual None El-4
Endress & Hauser Electromagnetic Flowmeter Semi-annual Replacement seals E1-7
Endress & Hauser pH sensor Semi-annual  Calibration solution E1-2
Endress & Hauser Dissolved Oxygen Sensor Monthly Rep!acer.nenF eIectr.onte, membrane body and E1-5

sealing ring (if required)

Endress & Hauser Pressure Transmitter Semi-annual None El-6
IFM Air Flowmeter Monthly Alcoholic cleaning solution :1‘;
Wika Pressure Gauge Semi-annual  Glycerin w1
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SECTION 4 - SYSTEM CONFIGURATION

This membrane bioreactor system provided by H,O Innovation is fully automated, which greatly reduces
the operator's work. The system also includes monitoring functions and remote control access which
allows more time for the operator to do other tasks. Refer to the literature and manufacturers manuals
that are provided at the end of this manual for a detailed description of installation, operation and
maintenance of any specific component.

The system designed for the Meliadine Project wastewater treatment plant is based on aerobic
biological treatments. The figure below shows the process schematics for this plant.

Return Activated Sludge

— MBR j uv
Fine | Sump .| Aercbic || Permeate
Influent = EQ > screens | 21 Tank ?l  7one 1 —> Effluent
Storage
N F, > MBR —> uv

Return)Activated Sludge

Waste

Sludge |—> Truck out
Tank

Figure 1 : Process Flow Schematics

The process illustrated above is much more detailed in the process and instrumentation diagrams (P&ID)
available in Section 9.1 of this operation and maintenance manual. A basic understanding of the
relationship between the different components of the system is a prerequisite to operate well and make
effective maintenance of the system. The study of the drawings listed in the table below combined with
the reading of Section 2.2 — Process Description provides the necessary understanding as previously
mentioned.

Table 7 : Description of Process and Instrumentation Diagrams (P&ID)

Drawing Number Drawing Name

U65875-C01-0110 Raw Water Screening

U65875-C01-0190 Feed Water Equalization

U65875-C01-0720 Aerobic Tank

U65875-C01-0740 Membrane Filtration

U65875-C01-0750 Sheet 1 and 2 Blowers for Membrane Bioreactor System
U65875-C01-0790 Permeate Tank

U65875-C01-0800 Sheet 1 and 2 Dosing Skid — Cleaning Chemicals and Alkalinity
U65875-C01-0960 Sludge Handling System
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SECTION 5 - OPERATION PROCEDURES

Before operating the system, please read the section in this manual on
safety: Section 7 — Safety.

This wastewater treatment system is controlled by digital input signals and a specific start sequence for
the system. In this way, a transition step by step is done slowly and smoothly from a normal start up to
an automatic process. The shutdown sequence is similar and closely follows the startup procedure.

Each piece of equipment forming this system appears on the touch screen that acts as the human-
machine interface (HMI). When the symbol of a piece of equipment is selected, a screen appears,
allowing the operator to configure and control this specific piece of equipment. From the screen, the
operator can configure the device for a control by the operator or a control by PLC (automatic).

If the piece of equipment is set to control by the operator mode, the equipment starts to operate,
regardless of the status of the plant. If the equipment is set to off, it will stop regardless of the status of
the plant.

If the equipment is set in control by PLC mode, it will start or stop according to the selected mode and
settings from the plant. For equipment whose speed can be controlled, such pumps with variable speed
drives, the operator must enter a specific speed from 0-100%.

It is therefore possible to control each piece of equipment independently according to the desired
results. The membrane bioreactor system is very simple to operate and requires set-up and monitoring
as described in this section.

5.1 - MODES OF OPERATION OF THE SYSTEM

For more information on the modes of operation of this system as well as on the control philosophy,
please refer to Section 8.1 — Process Control Narrative of this operation and maintenance manual. There
are five modes of automatic operation on the provided system. They are described in table 8 below.
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Table 8 : Modes of Operation of the System

Mode Description

OFF All process equipment is OFF.

Production Production Mode occurs during normal operation when sewage is being sent
to the plant. All process equipment operates based on the automatic control
logic to provide treatment of sewage.

Standby Standby Mode occurs when the amount sewage being sent to the system is
less than the system capacity such that the system must wait for adequate
feed to continue operation.

CEB Chemically Enhanced Backpulse (CEB) is a weekly membrane maintenance
process that sends a reverse flow of cleaning agents in the membrane modules
to mitigate membrane fouling.

CipP Clean-In-Place (CIP) is a process designed to return the membranes to a near-
clean state using a high chemical concentration and relatively long duration (4
hours). The process is conducted semi-annually or as required.

The sequence of operation chart, presented in Section 8.1 — Process Control Narrative, determines
which equipment is working according to each of the operating modes.

5.2 - MODES OF OPERATION OF THE DOSING SYSTEM

For the chemical skid to be operational, the valves must be arranged to allow the chemical to flow from
the tank to the designated service point. For the chemical pump to be calibrated, the valves must be
arranged to allow the chemical to flow from the tank to the calibration column. After calibration the
column should be emptied before returning back to service. The valves must be arranged to allow the
chemical to flow from the calibration column back to the tank. All these modes of operation are
achieved by opening and closing the valves according to table 9 below.

Table 9 : Valve Positioning for the Modes of Operation of the Dosing System

Calibration Calibration

Tag Number Filling —— Operation
HV-XXX01 0} o 0]
HV-XXX29 X X X
HV-XXX50 0} o 0]
HV-XXX99 X X 0]
HV-XXX15 o} X X
HV-XXX12 X o} X
HV-XXX53 X o} X
HV-XXX52 o} o} 0]
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5.3 - EQUALIZATION PUMPS SET-UP AND AUTOMATIC OPERATION

The equalization pump should be set-up to operate at the average day flow rate (this is expected to
change over time and requires regular adjustments). This flow can be monitored using the feed flow
meter. Although the plant is designed for an average day flow rate of 206 m?/day, the pump should be
set to provide a flow rate that reflects the average flow that the system actually sees. This flow
calibration should be done during a condition where the equalization tank level is just above the level of
the pumps. The totalizer on feed flowmeter should be manually logged at the same time each day so
that the cumulative volume that has passed through the system can be calculated for each 24-hour
period. This will allow a reasonable estimate of the expected average day flow rate.

If the plant has very low or no flow for a period of 48 hours or more, please contact H,0O Innovation to
discuss remedial measures that may be required to maintain the viability of the biomass through the
addition of supplemental substrate.

5.4 - RETURN ACTIVATED SLUDGE FLOW

The flow rate of this pump should be set to approximately 400% of the design flow rate. A pump bypass
and valve is included to allow this flow to be adjusted easily.

5.5 - OPERATING THE SYSTEM

Before operating the system, please read the section in this manual on
safety: Section 7 - Safety.

Before starting the system, the wastewater treatment plant must be prepared for the operation. Use
the following checklist as a guide to ensure that the unit is ready to operate. Here are the parameters to
be monitored prior to starting the system:

¢ All necessary processing circuit breakers must be closed.

e Check that chemicals are at an acceptable level.

¢ |solate the non-functional parts for repair and maintenance.

e Check the conditions of the previous alarms have been viewed, corrected and reset.

e Put all positioners back in automatic mode.

e Before starting, especially after long periods of stops, inspect the equipment and check
that each piece of equipment is ready to operate according to the manufacturer’s
manual.
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5.5.1 - STARTING PROCEDURE

A normal startup can be launched at any time when the plant is ready to operate. The PLC starts and

operates the treatment system automatically after the initial startup sequence. It is important to

position the manual valves so that the process can function properly, as described in Section 8.1 -

Process Control Narrative.

Here is the standard automatic start sequence for a waste water treatment plant:

1.

Open the power of the human-machine interface (HMI) and ensure that the display shows the
treatment main screen (or overview screen). If the power is on, but the screen is blank, touch
the screen to activate it.

If necessary, enter the username and password, then press the OK button. The main screen
should then appear.

On this screen, put the train in automatic mode to make it available for production. General
rule, the entire system is placed in automatic mode and the PLC will ensure that all equipment
used alternatively. This provides a balanced use of the available equipment. The PLC will also
ensure that equipment is started in a normal sequence, so that no damage will be done to the
equipment.

5.5.2 - STOPING OR RESTARTING THE SYSTEM

The same principle applies to the shutdown sequence. The PLC will ensure that the equipment stops

logically not to damage the equipment. Stopping the systenm can be requested at any time during

production. Stops can also be caused by alarms. Please refer to Section 8.2 - Alarm List for more details.

To restart the system after a shutdown, you can use the following standard procedure:

At the HMI, navigate to the display of alarms and errors.

Stop the audible alarms if necessary.

Based on the information provided on the screen, determine what conditions may have caused
the shutdown of the treatment system.

If the cause of the alarm is a problem that requires a physical intervention in the plant, refer to
section 6.8- Trouble-Shooting for more information on recurring causes of stops.

Reset the alarm (or reset all the alarms) on the screen. The plant will return to its automatic
mode and resume production.

5.5.3 - OPERATING GUIDELINES

Here are the major guidelines for daily operations of this water treatment system:

The critical parameters of the feed water (Section 2) should be inspected at appropriate
intervals as indicated by the operation experience and adjusted if necessary.
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* |t is important to keep records of the system daily and accurately. The information in these
sheets is essential to solving problems related to operation and performance.

* Maintain and schedule preventive maintenance regularly. This includes visual inspection,
repairing leaks, cleaning and touch-up paint.

5.6 - PERMEABILITY AND TRANSMEMBRANE PRESSURE

The transmembrane pressure (TMP) is a measure of the membrane’s performance. This allows the
monitoring of changes in the permeability. It will provide information on the performance of CIP cleans
and effects of the changes in the water quality. TMP is the variation of pressure across the membrane,
which is calculated by subtracting the hydrostatic pressure of membrane permeate side to the pressure
of the feed side during permeation. The calculation is done in reverse during periods of flow reversal.

TMP(kPa) = Feed Pressure — Permeate Pressure
Permeability is a calculated parameter that normalizes the PTM for different flow rates and

temperatures. The flow rate per membrane surface area is called the membrane flux and is calculated
based on the equation below.

prus (- =1 (B

m2h Membrane Area (m?)

Permeability is the flux divided by the transmembrane pressure.

L
Flux (m)

Permeability = m

Finally, to ensure proper reading of the permeability, it must be corrected by taking in consideration the
effect of temperature using the following equation:

Permeability at 20°C = Permeability x 1,024 7720

In the equation above, T is the temperature in Celsius degrees.

5.7 - MANUAL CONTROLS

Some measure of manual control of equipment is possible; however these controls should only be used
in exceptional circumstances or for troubleshooting assistance. It is expected that this plant operates in
automatic mode most of the time.
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1. Valves: Valves can be placed in an override condition and opened or closed manually from the
HMI. Normally, automated valves are left in the automatic condition.

2. Pumps or blowers with VFDs: Pumps or blowers with Variable Frequency Drives (VFD) can be
operated manually at specific frequencies. This allows the operator to adjust the flowrate of the
pump or blower manually. Normally, the frequency that a pump or blower operates at is
controlled by the PLC in automatic mode.

3. Pumps or Blowers without VFDs: Pumps or blowers without VFDs can be placed in ON or OFF
mode. Normally, pumps or blowers without VFDs are left in automatic mode and turned ON and
OFF by the PLC.

4. Chemical Pumps: Typically chemical pumps are operated only in AUTO mode. Refer to section
Section 7 - Safety to understand some of the risks involved in chemical handling. Extreme care
should be used when operating chemical pumps in manual mode. Chemical pumps typically are
controlled with an ON or OFF signal.

5. Control Panels: Control panels can be manually disabled and de-energized with the disconnect
switch on the control panels themselves.

6. Emergency Stop Button: System operation can be stopped by pressing the emergency stop
button. This is a red button located on the main control panel. In some systems, buttons are also
located on remote panels but the functionality is the same. These buttons will place the system
in a neutral state (all equipment placed in the OFF state) and system operation cannot resume
until the button that has been depressed is physically pulled out to its ON location. When the
system restarts, it restarts according to the normal start up sequence as defined in the PLC
program.
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SECTION 6 - SYSTEM MAINTENANCE PROCEDURES

Before performing any maintenance, trouble-shooting or cleans on this
system please read the section in this manual on safety: Section 7 - Safety.

6.1 - EQUIPMENT MAINTENANCE

This manual includes vendor catalogs providing operation and maintenance instructions for the major
equipment and components. Operation and maintenance personnel should become familiar with these
instructions in order to develop quick troubleshooting and proper maintenance techniques.

Refer to Section 10 — Vendors O&M Data and Manuals for details on how to maintain equipment items
provided by sub-vendors. The following sections are specific to system maintenance for the MBR
provided system.

6.1.1 - MAINTENANCE LOGS

Clear documentation of system and equipment maintenance is helpful in understanding equipment
operating costs and in warranty claims. It is recommended that for each piece of equipment in the plant,
equipment identification and maintenance log sheets are kept. An example of a log sheet is shown in
the appendices of this document.

It is important to perform preventive maintenance procedures periodically and regularly. Once a month,
it is primordial to check the entire system for signs of wear, deterioration and damage. These symptoms
include excessive vibration, excessive or unusual noise, corrosion, pipes or loose connections and leaks.

During the inspection period, it is important to remove dust, sand, oil, moisture or other contaminants
from the external surfaces of the engine. Also, remove dust, dirt or other debris from the air inlets.

6.2 - WORKING WITH ROTATING EQUIPMENT

When working with or around pumps, blowers and other rotating equipment items, in addition to the
instructions listed in Section 10 — Vendors O&M Data and Manuals, take the following precautions:

Before performing maintenance, isolate and drain all piping connected to a pump.
Before performing maintenance on any rotating or powered equipment item, ensure the item is
brought to a zero energy state and complete all lock-out, tag-out procedures required by
government regulations, plant-specific procedures, and those recommendations in this
manual’s section on safety.

3. Perform service using manufacturer’s manuals as a guide.
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4. After completing maintenance, replace any guards or other safety components removed during
the procedure. Personnel working on pumps used to transfer chemicals must be familiar with
the safe-handling procedures associated with the chemicals involved.

5. When working with diaphragm pumps or other chemical transfer pumps, be aware that some
media may remain within the pump’s diaphragm chamber even after the pump has been
drained and ensure proper PPE is worn during this work.

6. In general, motors should be inspected at regular intervals; approximately every 500 hours of
operation or every 3 months, whichever occurs first. Keep the motor clean and the ventilation
openings clear. Electrical connectors should be tight. Megger readings on motor insulation
should be taken and recorded to monitor for issues.

6.3 - INSTRUMENT CALIBRATION

It is important to calibrate instrumentation and sensors at least twice a year. It is also important to
confirm the status of the level and pressure switches at least once every six months. To do so, refer to
their operation and maintenance manuals for specific calibration procedures and to the table in section
3.3 — Calibration and Instrument Care.

6.4 - LUBRIFICATION OF ELECTRIC MOTORS

Grease the bearings on the electrical motors of the pumps every six months (if necessary). The
procedure is as follows:
1. Stop the electric motor.
2. Use a grease gun containing high quality grease that has a wide temperature range.
3. Remove the upper and lower caps of the grease ports of the shaft bearings. If a lubricant fitting
is not permanently installed, install a grease gun fitting in the upper port.
4. Pump new grease into the bearing by upper port until the new clean grease appears at the drain
port (lower port).
5. Roll the engine briefly until grease stops flowing through the port of the drain. Replace the cap
of lower port (drain) and the cap of the upper port.

Caution: Do not over-lubricate the engine, as excessive lubrication can damage the bearing seals.

6.5 - LEAKING OF MECHANICAL SEALS

It is important to check for leaks from the mechanical seals after the first twenty-four (24) hours of
operation. Thereafter, check the seals weekly. A leak is considered acceptable when it is not more than
a drop every three or four minutes. If the leak rate increases, the gasket should be replaced.
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6.6 - ANALYTICAL MONITORING

It is important to carefully monitor the plant over time to allow early detection of process problems. The
collected information should be saved in a log file. It will be requested when providing troubleshooting
assistance. Table 10 provides recommendations of a monitoring strategy.

Table 10: Recommended Monitoring Strategy

Source Analyses Source Frequency
Feed Flow Rate Flow Rate Influent flowmeter Daily
Waste Volume Volume Estimate volume wasted Daily
BOD, mg/L
TSS, mg/L
NH;, mg/L-N
Feed Sample TKN, mg/L-N Raw wastewater feed to the Weekly
TP, mg/L plant Daily for first 4 weeks
Alkalinity, mg/L as CaCO;
pH
Conductivity
MLSS, mg/L
Bioreactor MLVSS, mg/L . Weekly
Sample Dissolved Oxygen, mg/L From Bio-Wheel Tank Daily for first 4 weeks.
pH
. Weekly
RAS Sample MLSS, mg/L From RAS/WAS line. Daily for first 4 weeks
BOD, mg/L
TSS, mg/L
NH3, mg/L-N
Treated Water NO;, mg/L-N Immediately after UV Wee!dy or based on reporting
Sample TP, n?g./L disinfection reqwremgnts
Alkalinity, mg/L as CaCO; Daily for first 4 weeks.
Total Coliforms MPN/100mL
Fecal Coliforms MPN/100mL
pH

6.7 - MEMBRANE MAINTENANCE

6.7.1 - MEMBRANE FOULING

Membranes foul with use and this is a normal process. The expected rate of fouling is a design
parameter that is used to determine the cleaning and maintenance protocols for the facility. The
cleaning frequency is a function of the production rate and water quality, since cleaning interval and flux
are inter-related. The higher the flux the plant is operating at, the higher the observed fouling rate will
be, and the shorter the cleaning interval.
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Membrane fouling creates an increase in the trans-membrane pressure (TMP). As a result, there are

increased energy costs and potentially reduced membrane life (depending on the type of fouling). When

TMP increases, the permeate pump requires more energy to pull the water across the membrane to

meet the flow set-point. In order to operate the system in the most efficient way and keep costs down,

running with a balanced TMP range is the recommended practice.

6.7.2 - FOULANTS

Foulants, in general, are compounds that accumulate on a membrane surface or inside the membrane

pores. They reduce the effective membrane surface area reducing the area available for water to pass

across the membrane. Foulants are divided into four types as shown in Table 11 : Foulants and

Treatment.

Table 11 : Foulants and Treatment

Solids

High levels of solids can clog membrane
modules and prevent filtration.

Ensuring that pre-screening s
effectively and that wasting to the sludge
holding tank occurs regularly.

operating

Precipitation

Scale can form when the compounds in
feed water are concentrated beyond
their solubility (more common in RO and
NF systems). For example, calcium
carbonate and magnesium sulfate. Hard
scale formation membranes, can block
water flow. High pHs and hard feed water

can promote scale formation.

Acid based cleaners are used to remove
fouling from precipitation. Adjustments to the
waste stream concentration can also help.
Lime softening and downward feed water pH
adjustment can minimize risk.

hydrocarbons, are common adsorptive
foulants.

Biological Living organisms such as bacteria, fungus, Regular treatment with antimicrobial agents
and algae, are biological foulants. and biocides are effective in preventing and
Colonies can form on the surface of the reversing biological fouling. Sodium
membrane blocking water flow through hypochlorite is the most frequently used agent
the membrane surface. to kill biological organisms.

Absorptive Oils, polymers, cationic surfactants, and This type of fouling can be irreversible and

feed waters containing these compounds
should be minimized or piloted beforehand.
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Since feed waters can change over time, it is important to have a regular sampling and testing program
for potentially fouling compounds. This information is very valuable in diagnosing membrane fouling
issues in the future, even if it is simply used to rule out potential causes.

6.7.3 - CLEANING PROTOCOL

The section 8.1 — Process Control Narrative of this manual describes the cleaning procedure for the
project. Table 12 describes the recommended cleaning frequency for each type of cleaning and chemical
cleaners.

Table 12 : Required Cleaning Frequency for This Plant
Cleaning Type Chemical Product Frequency

CEB (Chemically Enhaced Backpulse) Sodium Hypochlorite Once a week

CIP (Clean-In-Place) Sodium Hypochlorite Twice ayear

CIP (Clean-In-Place) Citric Acid Twice ayear

If alternatives to these cleaning frequencies seem necessary, discuss with your H,0 Innovation project
manager. The cleaning operations must all be listed in a table (see Table 13: Typical Cleaning Log Sheet)
by operators of the plant. This information is essential for monitoring the long-term performance and is
required to maintain the warranty of the membranes. H,O Innovation is a manufacturer of specialized
cleaning chemicals and also offers laboratory testing services that can help determine better cleaning
protocols for fouled membranes. It is important to identify and resolve the membrane cleaning and
fouling problems as quickly as possible to avoid damage to the membranes.

Table 13 : Typical Cleaning Log Sheet

Cleaning Information Date ‘ Date Date Date Date

Cleaning Type

Chemical Product

Volume of Chemical Product Used

Starting Time

Duration

Temperature at the beginnig(°C)

Temperature at the end(°C)

Permeability before cleaning (corrected at 20°C)

Permeability before cleaning (corrected at 20°C)
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6.8 - TROUBLE-SHOOTING

Before performing any maintenance, trouble-shooting or cleans on this
system please read the section in this manual on safety: Section 7 -
Safety.

This trouble-shooting guide is intended to provide basic information only. Experienced operators and
maintenance staff are required at any facility that has significant process equipment such as this one.
Only qualified and trained personnel should engage in trouble-shooting or maintenance on the
equipment covered by this manual. The information provided in Section 10 — Vendors O&M Data and
Manuals must also be used for diagnosing and trouble-shooting issues with sub-vendor components.

The following table describes some common problems and potential resolutions.

Table 14 : MBR System Trouble-Shooting Tips

Problem Possible Cause Potential Resolution ‘
High TMP " Membrane fouling has occurred. " Execute cleans as described in this manual once
during If fouling occurred rapidly and flow peaks have been alleviated.

production unexpectedly, has there been an

upstream issue?

A manual valve in the pump Check positioning of all manual valves.
suction line or filtrate line is
partially closed.

Instrumentation failure. Check the calibration and diagnostics of the feed
pressure transmitter. Are the instruments
communicating with the PLC?

PID tuning parameters have been  Confirm with H,O Innovation that the PID is as it
altered. was left at the end of commissioning. Have
tuning parameters been adjusted?
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Problem Possible Cause Potential Resolution

Aeration issues. Check that air is getting to the entire membrane
module. Air needs to get to all of each module
to scour the membrane surface appropriately.

Accidental adjustment of set- Confirm set-points in HMI reflect the

points. commissioned values or agreed to, modified
values.

Pump low Manual valves are closed or Confirm that manual valves are all in the correct

flow alarms partially closed. Has maintenance positions. Isolation valves should be open for
recently occurred on the pump or equipment that is intended to be online.
system?

Automated valves are not Check that the automated valves in the line are

actuating as expected. opening when they should for the programming
sequence by looking at the position indicators
on the actuators.

Confirm that the valve timing is suitable (delays
between valve actuation and pump actuation).
Confirm that all pneumatic lines are open and
connected to pneumatic valves. Confirm lines do
not contain frozen moisture.

Piping leaks. Check that all piping connections are tight and
not leaking.

Instrumentation related issues. Check to see if there is air trapped in the pipe
where the mag meters is installed or if air is
passing through a mag meter.

Air entrainment. Check if air is causing issues with pump priming
and proper functioning.

Issues with VFD. Check to see if the VFD has presented any faults.

Analogue Instrumentation issues — Check that the seals in the instrument are good.
device issues  moisture ingress.
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Problem Possible Cause Potential Resolution

Power issues. Confirm that the instrument is receiving power
and has booted up correctly. Check that the
power supply is working.

Communication issues. Check that the PLC is receiving a signal from the
instrument and if the instrument has HART,
check the instrument’s on-board diagnostics.

Digital device  Power issues. Check that the fuse has not blown to the switch
issues and that the switch is receiving power as
expected.
Communication issues. Check that the PLC is receiving a signal from the

switch (continuity).

Filtrate water Leaking modules or plates. A module inspection may be required — please
quality contact H,O Innovation.

Instrumentation issues (typically ~ The most common cause of high turbidity are

turbidity; if installed). issues with the instrument itself. Confirm that
the instrument is functioning correctly and that
calibration is accurate. Confirm that the flow
through analytical instruments is within
specification.

Air entrainment. The second most common cause of direct
quality measurement issues is air entrainment in
the process stream. Confirm that the flow rate
to the instrument is within specification and that
degassers are functioning appropriately.

Unexpected Devices in manual. Required equipment is disabled or not in
alarms on automatic mode. Place all available equipment
HMI in AUTO mode.
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SECTION 7 - SAFETY

7.1 - OUR FIRST PRIORITY — SAFETY

For your own protection and that of your co-workers, please pay particular attention to this section.
These safety precautions are intended to protect operators and equipment from risk of physical harm
and damage that may arise from the operation and maintenance of this water treatment system. The
following table summarizes the symbols used in this manual to highlight areas of risk. These warnings
are not intended to be exhaustive and the operator and maintenance staff are expected to execute due
diligence in carrying out their work on this system. When in doubt please ask for assistance or advice.

Symbol Description

Alerts operators to items that if not followed will result in severe injury or
death.

Danger

Alerts operators to items that if not followed can result in severe injury or
death.

Alerts operators to items that if not followed may result in a minor or major
injury.

Alerts operators to items that if not followed may result in damage to
equipment or property.

Notice
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7.2 - PREAMBLE AND GENERAL PRECAUTIONS

Please ensure to read and understand the entire operational and maintenance manual thoroughly.
Ensure all assembly, operation, maintenance or inspection instructions described in this manual are
followed before using any devices included with this plant. A device can be a valve, instrument,
equipment item or any other physical or software component required in the operation of this water
plant. Misuse of devices or failure to follow the instructions described in this manual may result in
death, serious personal injury and/or damage to property. Failure to read the entire manual before
using any device included in the scope of this project constitutes a misuse.

The plant operator is responsible to inspect each device before using it. Only use the device if it passes
inspection. Always use the device as described by the original manufacturer of the device. Do not use
any malfunctioning device. Keep by-standers away from device during use.

It is up to the operator to use common sense when operating any device. A moment of inattention while
operating a device can cause personal injury or death to the operator or to any by-standers and/or
damage to property. Keep hands, clothes, loose jewelry from being caught in moving parts. Do not
exceed stated weight limits for any device used for lifting.

Do not modify any device in any way other than that described in vendor instruction manuals unless
prior written approval of H,0 Innovation Inc. is obtained. Unauthorized modifications to a device may
void the warranty and might make the device unsafe to use.

In no event shall H,O Innovation Inc. be liable for any indirect, incidental or consequential damages
resulting from the use of devices in this plant. This disclaimer applies before, during and after use of the
device, which include, without limitation, assembly, inspection, use and/or storage. No warranties
(express, implied, or statutory) are made in connection with this operational and maintenance manual.

BY REFERRING TO, OR OTHERWISE EMPLOYING, THIS OPERATIONAL AND MAINTENANCE
MANUAL, THE OPERATOR, USER OR OWNER OF THE PLANT AGREES TO DEFEND,
PROTECT, INDEMNIFY, AND HOLD H,O INNOVATION INC., ITS AFFILIATES, SUBSIDIARIES,
SUCCESSORS, ASSIGNS, DIRECTORS, OFFICERS, AGENTS, AND EMPLOYEES HARMLESS
FROM AND AGAINST ALL CLAIMS, LOSSES, EXPENSES, DAMAGES AND LIABILITIES, DIRECT,
INCIDENTAL, OR CONSEQUENTIAL, ARISING FROM ACCEPTANCE OR USE OF THIS
MANUAL, INCLUDING LOSS OF PROFITS AND REASONABLE ATTORNEY’S FEES, WHICH
MAY ARISE OUT OF THE ACCEPTANCE OR USE OR ALLEGED USE OF THIS MANUAL, IT
BEING THE INTENT OF THIS PROVISION AND OF THE OPERATOR, USER OR OWNER TO
ABSOLVE AND PROTECT H,O0 INNOVATION INC., ITS AFFILIATES, SUBSIDIARIES,
SUCCESSORS, ASSIGNS, DIRECTORS, OFFICERS, AGENTS, AND EMPLOYEES FROM ANY AND
ALL LOSS RELATING IN ANY WAY TO THIS OPERATIONAL AND MAINTENANCE MANUAL
INCLUDING THOSE RESULTING FROM ITS OWN NEGLIGENCE.
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7.3 - SAFETY STANDARDS

Local safety regulations and standards take precedence over the recommendations discussed here only
when they are stricter or more onerous than this manual. The operators and plant owners are expected
to follow their local standards and augment those with the information provided in this manual. Also,
standards evolve over time and the onus is on the plant operations staff to maintain current
certifications and be familiar with the most recent requirements, particularly those related to safety.

7.4 - PERSONAL PROTECTIVE EQUIPMENT (PPE)

Personal Protective Equipment (PPE) is required to operate this system safely. The following items
should be readily available and properly fitted for operators of this system:

Hardhat

Safety boots

Safety glasses with side shields

Face shields

Rubber aprons

Ear plugs

Fall protection equipment (lanyard, harness)

PNV A WNPR

Housekeeping equipment (brooms, mops, spill kits, rags)

7.5 - KEY SAFETY WARNINGS

Please pay particular attention to this section. These safety precautions are intended to protect
operators from risk of physical harm and damage that may arise from the operation and maintenance of
this water treatment system.

Do not mix sodium hypochlorite solution with any acidic solution. This
mixture will generate toxic chlorine gas which is lethal. Common acidic
solutions include citric acid, sulfuric acid, hydrochloric acid, sodium
bisulfite (but are not limited to these).

Danger
Membrane modules and piping is under pressure (or vacuum). Ensure that
equipment and piping networks are fully de-pressurized to atmospheric
pressure before servicing. Energy release, particularly for compressible
fluids, can cause serious personal injury or death.

Danger
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Working on or servicing electrical equipment or mechanical equipment
powered by electricity can cause severe injury or death if the electrical
source is not completely disconnected and locked out by the service
person. Following a documented lock-out, tag-out program is highly

recommended for working on equipment in this system.
Danger

Air (or other gasses) trapped in PVC piping or conveyed by PVC piping can
cause severe injury or death. PVC material shatters if the piping is subject
to abnormal stresses when compressed air is present inside. Pieces of
piping become projectiles in this case. Ensure air is completely bled with
non-compressible fluids from all systems that use PVC piping.

The cleaning of membranes involves the use of strong chemicals. When
handling chemicals wear appropriate PPE (face shields, full length rubber
gloves, rubber apron, safety glasses with side shields) as recommended in
the MSDS for each respective chemical. The MSDS will also provide
treatment recommendation in the case of exposure to the chemicals.

Failure to follow MSDS recommendations can result in serious injury or
death.

The cleaning chemical sodium hypochlorite generates chlorine gas over
time that presents a health and safety concern and is highly corrosive to
humans and equipment surfaces. Appropriate ventilation is required in

areas where sodium hypochlorite solutions are exposed to the operator’s
air space or equipment that can be damaged by corrosion.

Membranes are typically shipped in a preservative solution. Ensure
appropriate PPE (face shields, full length rubber gloves, rubber apron,
safety glasses with side shields) as recommended by the membrane
manufacturer are worn. The MSDS for the preservative solution will also

provide treatment recommendation in the case of exposure to the
chemicals. Failure to follow MSDS recommendations can result in serious
injury or death.
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Membrane modules are heavy and should not be manipulated by hand.
Use properly designed lifting equipment for installing and removing
modules into membrane racks. A falling module can result in serious injury

or death.

Do not lift skids from equipment or piping mounted on the skid. Doing so
may result in injury or death for workers involved in the operation or

damage to the components mounted on the skid.

Exposure to moderate noise levels can lead to long term hearing damage.
Exposure to high noise levels, even for short durations, can cause
immediate hearing damage. When the possibility of exposure to such

noise levels is present {particularly around air blowers, compressors, air
release devices} use appropriate hearing protection.

This plant includes rotating equipment. Blowers, compressors, pumps and
valves all have components that turn with high energy. Before operating
equipment with rotating components or pinch points, ensure that all
shields, guards, and emergency kill switches are in place and operational.

Rotating parts can catch clothing, fingers, or tools and cause serious injury,
death or equipment damage.

Ultraviolet light is often used for disinfection in water treatment systems.
Do not look directly at light sources or expose skin to the light as it can

burn both eyes and skin.

Maintaining strict cross-connection controls are required to protect public
health and maintain water quality. This system may be outfitted with
automated cross-connection prevention systems, however, the proper

operation of these needs to be routinely verified by operations staff.
Failure of cross-connection prevention systems can result in release of
chemical or untreated water into the public water system.
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When alternating between cleaning chemicals (particularly between an
acid and sodium hypochlorite), ensure that the lines and tanks are fully
rinsed before using the next chemical. The use of higher quality product

water for rinsing is recommended (rather than feed water). Failure to
rinse systems adequately can result in adverse chemical reactions. Refer
to other warnings in this section.

Operating equipment can get hot. Also, heated chemical solutions are
used for cleaning membranes and equipment or piping may not be
protected with insulation. To avoid burns, please use caution when
touching operating equipment and piping in the plant. Permanent

operator protection insulation or guarding is typically required for
components that can be warmer than 45°C.

When cleaning membranes, strictly follow the procedures described in the
membrane manual and document cleans appropriately on log sheets.
Otherwise damage may occur to the modules which can negatively affect
the membrane performance and the membrane warranty.

Notice

Membrane modules can be stored in water and not used for short periods
of time. If they are to be left for longer than 4 days, follow procedures
listed in the membrane module manufacturer’s manual. Failure to follow
recommendations from the manufacture can result in membrane damage.

Notice

During membrane integrity tests (MIT) on ultra-filtration membrane
systems, the compressed air used must be clean, dry, and free of oil. Do
not exceed the maximum recommended testing pressures.

Notice
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During construction, maintenance, or any other work performed directly
above open tanks that feed membrane systems (particularly upstream of
the membranes and downstream of the strainers), ensure that foreign
debris (for example; pipe turnings, paint chips) do not fall into the tank.

Notice
Operating the system using manual controls introduces a risk of
equipment damage. It is highly recommended that the system is
monitored carefully and with an operator present if manual controls or
partial manual controls are used. Refer to the section on manual controls
for more information.

Notice

7.6 - SAFETY GUIDELINES

There are a number of general guidelines that can greatly improve the safety of operators and visitors to
a water treatment plant:

1. Personal Protective Equipment (PPE): Wear the appropriate PPE for the job or task being
conducted which applies to bystanders as well. Generally speaking, when in the plant
environment, safety boots and safety glasses are highly recommended as a minimum.

2. Housekeeping: Maintaining a clean plant is key for minimizing the risk of accidents. Ensure that
all tools and loose items are placed in the correct location and that spills are quickly cleaned up.

3. Routine maintenance: Maintaining equipment in good running order and conducting
preventative maintenance regularly can help prevent situations where safety risks are elevated.

4. Personal hygiene: With any water treatment system pathogens can be concentrated in the
waste stream. Regular personal hygiene (like washing hands) is important to prevent illness and
spread of contamination. If operators are exposed to feed water, concentrate or other water
not suitable for human consumption, eyes should be immediately rinsed at an eye wash station
and exposed skin should be cleaned thoroughly with soap and warm water, particularly before
eating, drinking or smoking.

5. Vaccinations: Due to pathogenic risk at water treatment facilities, it is recommended that
operators and maintenance staff be vaccinated against tetanus and Hepatitis A and Hepatitis B.
Seek medical advice from a licensed physician before exposure to water at the plant and also if
you may have been exposed to potential sources of biological hazards. This is particularly
important in wastewater systems.

6. Fall protection: Although pressurized membrane systems do not require significant tankage, the
risk of falling into a tank or off an elevated platform can be present. A fall of any height can hurt
operators and maintenance staff. Follow the local work environment regulations with respect to
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falls and fall prevention. Safety harnesses, lanyards and engineered anchor points may be
required. Note that fall arrest and fall restraint are distinct and in general fall restraint is
preferred due to the lower risk of injury.

7. Equipment specific safety recommendations: Refer to the provided equipment safety manuals.
These instructions manuals must be followed for safe operation and maintenance of the system
as a whole.

8. Chemical showers and eyewash stations: Safety showers and eyewash systems are typically
installed within proximity of chemical systems. Operators need to be trained in their effective
use and monitoring systems installed such that assistance can be provided in the case that
somebody uses one of these systems.

9. Chemical spills: Spill clean-up kits and neutralization chemicals should be readily available and
operators trained in how to use these systems.

10. High pressure equipment: Some pumps, compressors and blowers are capable of generating
very high pressures which creates the risk of rupture or major damage if safety devices are
bypassed or not maintained. Pressure relief valves should be checked regularly, and tubing or
piping used to convey pressurized fluids, such as actuated valve air lines, should be regularly
inspected for cracks and damage.

11. Material Safety Data Sheets (MSDS): MSDS’ need to be present and available for quick
reference for each chemical in use in the plant and operators should read these before doing
any work involving these chemicals. The supplier of the chemical is responsible for providing the
end user with MSDS sheets. Each chemical in use in the plant must have an MSDS present. All
chemical containers must be labeled accurately with the chemical name such that the chemical
can be readily cross-referenced with the MSDS.

12. Lighting: Ensuring that work areas (internal and external) are well lit is important for minimizing
risks to operators and also for ease of operations and maintenance.

13. Confined spaces: Many workplaces contain areas that are confined spaces. While they are not
necessarily designed for people, they are large enough for workers to enter and perform certain
jobs. A confined space also has limited or restricted means for entry or exit and is not designed
for continuous occupancy. Confined spaces include, but are not limited to, tanks, vessels, silos,
storage bins, hoppers, vaults, pits, manholes, tunnels, equipment housings, ductwork, pipelines,
etc. OSHA uses the term "permit-required confined space" to describe a confined space that has
one or more of the following characteristics: contains or has the potential to contain a
hazardous atmosphere; contains a material that has the potential to engulf an entrant; has walls
that converge inward or floors that slope downward and taper into a smaller area which could
trap or asphyxiate an entrant; or contains any other recognized safety or health hazard, such as
unguarded machinery, exposed live wires, or heat stress. Ensure workers are trained to
recognize confined spaces and that only trained personnel are permitted to enter confined
spaces when the appropriate safeguards are in place. A means of worker extraction and
atmosphere control are normally used when workers are exposed to confined spaces.

14. Lock-out, tag-out (LOTO): There are guidelines that address the practices and procedures
necessary to disable machinery or equipment, thereby preventing the release of hazardous
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energy while employees are performing service and maintenance activities. Their standards outline
measures for controlling hazardous energies — electrical, mechanical, hydraulic, pneumatic, chemical,
thermal, and other energy sources. Employees servicing or maintaining machines or equipment may be
exposed to serious physical harm or death if hazardous energy is not properly controlled. A documented
LOTO system is highly recommended for all operating water treatment facilities.

15. safety culture: An environment where safety discussions happen before all maintenance operations,
where operators are free to raise safety concerns without retribution and one where safety reports are
openly shared is highly recommended for this water treatment plant. Safety should be built into all routine
work and standard operating procedures at the plant and all maintenance work should be prefaced with a
discussion on safety for the work at hand. This builds a culture where safety is a top priority and helps
ensure all workers go home healthy at the end of their day.

7.7 - HARMFUL GAS SAFETY PROCEDURE

Power Outage or System Shutdown
In the event of a power outage or any situation resulting in a system shutdown lasting more than 24 hours :

1. Put the wastewater treatment plant main power switch into the OFF position.

2. Make sure equipment items that are running in the wastewater treatment plant or in the direct vicinity are at a
minimum Class 1 Division 2 rated.

3. Make sure equipment items which will automatically start to run once the power comes back on in the wastewater
treatment plant direct vicinity are Class 1 Division 2 rated.

4. Personnel required to go into the wastewater treatment plant during the power outage or system shutdown must be
equipped with explosion proof portable gas detectors and breathing apparatus to ensure that levels of methane,
hydrogen sulfide and oxygen are at acceptable levels as determined by the site safety officer.

5. Prior to entering, open at least two (2) or more wastewater treatment plant openings (doors, windows) to encourage
air exchanges. Methane, hydrogen sulfide and oxygen levels must be monitored at all time. Nobody is to be allowed in
the wastewater treatment plant if methane, hydrogen sulfide and oxygen levels are unsafe as determined by the site
safety officer.

6. When the power outage or system shutdown is over, go through steps 4 & 5. Once it is confirmed the air in the whole
wastewater treatment plant is safe, put the wastewater treatment plant main power switch into the ON position.
Confirm that the ventilation system and aeration system (blower) are running properly.

Blower Failure

In case of a blower failure or low blower air flow, ensure the ventilation system functions properly and as expected to
prevent the buildup of noxious gases or reduction in oxygen. Refer to the “Power Outage or System Shutdown”
procedure.

Ventilation System Failure

In case of a ventilation system malfunction, it is necessary to monitor the methane, hydrogen sulfide and oxygen levels
at all time using an explosion proof portable gas detectors in order to ensure the air quality is at safe levels as
determined by the site safety officer. If any of the gas levels are at an undesirable level, open all openings (doors,
windows) possible in order to encourage air exchanges. If methane level reaches a dangerous level, put the wastewater
treatment plant main power switch into the OFF position to prevent risk of explosion. Refer to the “Power Outage or
System Shutdown” procedure until the ventilation system is repaired.
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7.8 - MATERIAL SAFETY DATA SHEETS

7.8.1 - SODIUM HYPOCHLORITE
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UNIVAR

Material Safety Data Sheet

LA5839
Sodium Hypochlorite 12% Water Treatment

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

Product Id: LA5839

Product Name: Sodium Hypochlorite 12% Water Treatment

Synonyms: Sodium oxychloride; Soda bleach liquor; Javel water; Clorox; Javex.

Chemical Family: Hydrochlorous acid, sodium salt.

Application: Chemical intermediate. Laboratory reagent. Water treatment. Pulp and paper. Bleaching agent.
Disinfectant.

Distributed By:
Univar Canada Ltd.
9800 Van Horne Way
Richmond, BC

V6X 1W5

Prepared By: The Environment, Health and Safety Department of Univar Canada Ltd.
Preparation date of MSDS: 03/Apr/2014
Telephone number of preparer: 1-866-686-4827

24-Hour Emergency Telephone Number (CANUTEC): (613) 996-6666

2. HAZARDS IDENTIFICATION

Potential Acute Health Effects:

Eye Contact: Corrosive to eye tissue and may cause severe damage and blindness.

Skin Contact: Corrosive. May cause severe skin irritation. Prolonged contact may lead to burns and blisters and may
aggravate dermatitis. May cause whitening or bleaching of the skin.

Inhalation: Corrosive to the respiratory passage. Causes irritation of the mouth, nose and throat. Repeated and/or
prolonged exposures may cause productive cough, running nose, bronchopneumonia, pulmonary edema (fluid build-up in
lungs) and reduction of pulmonary function. If mixed with acids or warmed to temperatures greater than 40 °Celsius,
Sodium hypochlorite solutions release chlorine gas. This gas can cause severe irritation of the nose and throat.
Exposures to high levels of chlorine gas may result in severe lung damage.

Ingestion: Corrosive. Causes burns to the mouth, throat and stomach. Causes vomiting, nausea, and diarrhea. Coma,
shock and death may occur.

3. COMPOSITION/INFORMATION ON INGREDIENTS

Ingredients Percentage LD50s and LC50s Route & Species:
(W/IW)
Water 60-100 Oral LD50 (Rat) >90 mL/kg
7732-18-5
Sodium Hypochlorite, Solution 10-30 Oral LD50 Rat = 8200 mg/kg
7681-52-9 Dermal LD50 Rabbit > 10000 mg/kg
LA5839

Sodium Hypochlorite 12% Water Treatment
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Note: Drug Identification Number (DIN) - 02265729

4. FIRST AID MEASURES

Eye Contact: Wash eyes with water for a minimum of 30 minutes or until no evidence of the chemical remains. Hold
eyelids open during flushing. Seek immediate medical attention.

Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 30 minutes. Get medical
attention.

Inhalation: Remove person to fresh air. If not breathing, give artificial respiration. If breathing is difficult, get immediate
medical attention.

Ingestion: Rinse mouth with water. Do not induce vomiting. Do not give anything by mouth to an unconscious person. If
vomiting occurs spontaneously, keep head below hips to prevent aspiration of liquid into the lungs. Seek immediate
medical attention.

Notes to Physician: Due to the severely irritating or corrosive nature of the material, swallowing may lead to ulceration
and inflammation of the upper alimentary tract with hemorrhage and fluid loss. Also, perforation of the esophagus or
stomach may occur, leading to mediastinitis or peritonitis and the resultant complications.

5. FIRE FIGHTING MEASURES

Flash Point: None.

Flash Point Method: Not applicable.

Autoignition Temperature: Not available.

Flammable Limits in Air (%): Not Available.

Extinguishing Media: Use extinguishing media appropriate for surrounding fire.

Special Exposure Hazards: Keep containers cool to prevent rupture and release of material. Closed containers may
explode in fire. Spilled material may cause floors and contact surfaces to become slippery.

Hazardous Decomposition/Combustion Materials (under fire conditions): Chlorine. Oxygen. Oxides of sodium.
Special Protective Equipment: Fire fighters should wear full protective clothing, including self-contained breathing
equipment.

NFPA RATINGS FOR THIS PRODUCT ARE: Not Available.

HMIS RATINGS FOR THIS PRODUCT ARE: HEALTH 3, FLAMMABILITY 0, REACTIVITY 1

6. ACCIDENTAL RELEASE MEASURES

Personal Precautionary Measures: Wear appropriate protective equipment.

Environmental Precautionary Measures: Prevent entry into sewers or streams, dike if needed. Consult local
authorities.

Procedure for Clean Up: Ventilate area. Small spills: soak up with absorbent material and scoop into containers. Large
spills : prevent contamination of waterways. Dike and pump into suitable containers. Clean up residual with absorbent
material, place in appropriate container and flush with water. Spilled material may cause floors and contact surfaces to
become slippery.

7. HANDLING AND STORAGE

Handling: For industrial use only. Handle and open containers with care. Avoid contact with eyes, skin and clothing. Do
not ingest. Avoid inhalation of chemical. Empty containers may contain hazardous product residues. Keep the containers
closed when not in use. Protect against physical damage. Use appropriate personnel protective equipment. When
diluting, add this product to water in small amounts to avoid spattering. Never add water to this material.

Storage: Store in a cool, dry, well ventilated area, away from heat and ignition sources. Store below 29 °C. Do not
freeze. Keep away from direct sunlight. Store away from organic chemicals, strong bases, metal powders, carbides,
sulfides, and any readily oxidizable material. Storage area should be equipped with corrosion-resistant floors, sumps and
should have controlled drainage to a recovery tank. Store in a sealed polyethylene lined container.

LA5839
Sodium Hypochlorite 12% Water Treatment
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8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Engineering Controls:

Local exhaust ventilation as necessary to maintain exposures to within applicable limits. Make up air should always be
supplied to balance air exhausted (either generally or locally). Ventilation required when spraying or applying in a
confined area. Ventilation should be explosion proof. Eliminate ignition sources.
Respiratory Protection: Wear a NIOAH approved full facepiece respirator for acid gases or a self-contained breathing
apparatus for air concentration levels up to 5 ppm. NIOSH approved supplied air respirator when airborne concentrations

exceed exposure limits.
Gloves:

Impervious gloves. Neoprene gloves. Nitrile gloves. Rubber gloves.

Skin Protection: Neoprene coated apron or chemical resistant clothing. Impervious boots.
Eyes: Chemical safety goggles and/or full face shield to protect eyes and face, if product is handled such that it could be

splashed into eyes.

Other Personal Protection Data: Ensure that eyewash stations and safety showers are proximal to the work-station

location.
Ingredients Exposure Limit - ACGIH | Exposure Limit - OSHA |Immediately Dangerous
to Life or Health - IDLH
Water Not available. Not available. Not Available.
Sodium Hypochlorite, Solution 0.5 ppm As For Chlorine. Not available. Not Available.

9. PHYSICAL AND CHEMICAL PROPERTIES

Physical State: Liquid
Color: Clear Green to yellow.
Odor: Chlorine.

pH11.5-13

Specific Gravity: 1.175

Boiling Point: Decomposition at 40°C / 104°F
Freezing/Melting Point: -25°C / -12°F

Vapor Pressure: 17.5 mmHg

Vapor Density: Not Available.

% Volatile by Volume: Not Available.
Evaporation Rate: Not Available.
Solubility: Soluble in water.

VOCs: Not Available.

Viscosity: Not Available.

Molecular Weight: Not Available.
Other: Not Available.

10. STABILITY AND REACTIVITY

Chemical Stability: Unstable above 40°C / 104 °F.
Hazardous Polymerization: Will not occur.

Conditions to Avoid: High temperatures. Exposure to light.
Materials to Avoid: Acids. Ammonia. Strong oxidizers. Reducing agents. Metals.
Hazardous Decomposition Products: When heated to decomposition, it emits acrid smoke and irritating fumes.

Chlorine. Oxides of sodium. Oxygen.
Additional Information:

Hypochlorites may react with primary amines to form nitrogen trichloride which explodes spontaneously in air.
Hypochlorite bleach reacts with urea to form nitrogen trichloride which explodes spontaneously in air. Some metals
accelerate the decomposition of Sodium Hypochlorite. Nickel. Copper. Tin. Iron and its alloys. Manganese.

11. TOXICOLOGICAL INFORMATION

Principle Routes of Exposure

Ingestion: Corrosive. Causes burns to the mouth, throat and stomach. Causes vomiting, nausea, and diarrhea. Coma,

shock and death may occur.

LAS5839
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11. TOXICOLOGICAL INFORMATION

Skin Contact: Corrosive. May cause severe skin irritation. Prolonged contact may lead to burns and blisters and may
aggravate dermatitis. May cause whitening or bleaching of the skin.

Inhalation: Corrosive to the respiratory passage. Causes irritation of the mouth, nose and throat. Repeated and/or
prolonged exposures may cause productive cough, running nose, bronchopneumonia, pulmonary edema (fluid build-up in
lungs) and reduction of pulmonary function. If mixed with acids or warmed to temperatures greater than 40 °Celsius,
Sodium hypochlorite solutions release chlorine gas. This gas can cause severe irritation of the nose and throat.
Exposures to high levels of chlorine gas may result in severe lung damage.

Eye Contact: Corrosive to eye tissue and may cause severe damage and blindness.

Additional Information: Aspiration may cause lung damage. Corrosive effects on the skin and eyes may be delayed,
and damage may occur without the sensation or onset of pain.

Acute Test of Product:

Acute Oral LD50: Not Available.

Acute Dermal LD50: Not Available.

Acute Inhalation LC50: Not Available.

Carcinogenicity:

Ingredients IARC - Carcinogens ACGIH - Carcinogens
Water Not listed. Not listed.
Sodium Hypochlorite, Group 3 Not listed.
Solution

Carcinogenicity Comment: No additional information available.

Reproductive Toxicity/ Teratogenicity/ Embryotoxicity/ Mutagenicity: Not Available.

12. ECOLOGICAL INFORMATION

Ecotoxicological Information:

Ingredients Ecotoxicity - Fish Species Acute Crustaceans Ecotoxicity - Freshwater
Data Toxicity: Algae Data
Water Not Available. Not Available. Not Available.
Sodium Hypochlorite, 0.03 - 0.19 mg/L LC50 Not Available. 0.095 mg/L EC50
Solution (Oncorhynchus mykiss) 96 h Skeletonema costatum 24 h
semi-static

0.05 - 0.771 mg/L LC50
(Oncorhynchus mykiss) 96 h
flow-through
0.06 - 0.11 mg/L LC50
(Pimephales promelas) 96 h
flow-through
0.18 - 0.22 mg/L LC50
(Oncorhynchus mykiss) 96 h
static
0.28 - 1 mg/L LC50 (Lepomis
macrochirus) 96 h flow-
through
0.4 - 0.8 mg/L LC50 (Lepomis
macrochirus) 96 h static
4.5-7.6 mg/L LC50
(Pimephales promelas) 96 h
static

Other Information:
Harmful to aquatic life at low concentrations. Toxicity is primarily associated with pH.

LA5839
Sodium Hypochlorite 12% Water Treatment
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13. DISPOSAL CONSIDERATIONS

Disposal of Waste Method: Disposal of all wastes must be done in accordance with municipal, provincial and federal

regulations.

Contaminated Packaging: Empty containers should be recycled or disposed of through an approved waste

management facility.

14. TRANSPORT INFORMATION

DOT (U.S.):

DOT Shipping Name: HYPOCHLORITE SOLUTION

DOT Hazardous Class 8
DOT UN Number: UN1791
DOT Packing Group: 1l

DOT Reportable Quantity (Ibs): Not Available.

Note: No additional remark.
Marine Pollutant: No.

TDG (Canada):

TDG Shipping Name: HYPOCHLORITE SOLUTION

Hazard Class: 8

UN Number: UN1791
Packing Group: lll

Note: No additional remark.
Marine Pollutant: No.

15. REGULATORY INFORMATION

U.S. TSCA Inventory Status: All components of this product are either on the Toxic Substances Control Act (TSCA)

Inventory List or exempt.

Canadian DSL Inventory Status: All components of this product are either on the Domestic Substances List (DSL), the
Non-Domestic Substances List (NDSL) or exempt.

Note: Not available.

U.S. Regulatory Rules

Ingredients CERCLA/SARA - Section SARA (311, 312) Hazard CERCLA/SARA - Section
302: Class: 313:
Water Not Listed. Not Listed. Not Listed.
Sodium Hypochlorite, Not Listed. Listed Not Listed.
Solution

California Proposition 65: Not Listed.

MA Right to Know List: Listed.

New Jersey Right-to-Know List: Listed.
Pennsylvania Right to Know List: Listed.

WHMIS Hazardous Class:

E CORROSIVE MATERIAL

LA5839
Sodium Hypochlorite 12% Water Treatment
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16. OTHER INFORMATION

Additional Information:

Disclaimer:

This product has been classified in accordance with the hazard criteria of the
Canadian Controlled Products Regulations (CPR) and the MSDS contains all the
information required by the CPR.

NOTICE TO READER:

Univar, expressly disclaims all express or implied warranties of merchantability and
fitness for a particular purpose, with respect to the product or information provided
herein, and shall under no circumstances be liable for incidental or consequential
damages.

Do not use ingredient information and/or ingredient percentages in this MSDS as a
product specification. For product specification information refer to a Product
Specification Sheet and/or a Certificate of Analysis. These can be obtained from
your local Univar Sales Office.

All information appearing herein is based upon data obtained from the manufacturer
and/or recognized technical sources. While the information is believed to be
accurate, Univar makes no representations as to its accuracy or sufficiency.
Conditions of use are beyond Univar's control and therefore users are responsible to
verify this data under their own operating conditions to determine whether the
product is suitable for their particular purposes and they assume all risks of their use,
handling, and disposal of the product, or from the publication or use of, or reliance
upon, information contained herein. This information relates only to the product
designated herein, and does not relate to its use in combination with any other
material or in any other process.

**END OF MSDS***

LA5839
Sodium Hypochlorite 12% Water Treatment
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7.8.2 - CITRIC ACID
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UNIVAR

Material Safety Data Sheet

LA3183
Citric Acid 50% Solution

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

Product Id: LA3183

Product Name: Citric Acid 50% Solution
Synonyms: None

Chemical Family: None Known
Application: Not Available.

Distributed By:
Univar Canada Ltd.
9800 Van Horne Way
Richmond, BC

V6X 1W5

Prepared By: The Environment, Health and Safety Department of Univar Canada Ltd.
Preparation date of MSDS: 04/Feb/2014
Telephone number of preparer: 1-866-686-4827

24-Hour Emergency Telephone Number (CANUTEC): (613) 996-6666

2. HAZARDS IDENTIFICATION

Potential Acute Health Effects:

Eye Contact: Causes eye irritation. Resulting in stinging, reddening, tearing and swelling.

Skin Contact: Causes skin irritation. Resulting in stinging, reddening and swelling.

Inhalation: May cause irritation of the respiratory tract.

Ingestion: If large amounts of the product are ingested, symptoms may include gastrointestinal irritation, nausea,
vomiting and diarrhea.

3. COMPOSITION/INFORMATION ON INGREDIENTS

Ingredients Percentage LD50s and LC50s Route & Species:
(W/IW)
Water Balance Oral LD50 (Rat) >90 mL/kg
7732-18-5
Citric acid 30-60 Not available.
77-92-9

Note: No additional remark.
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4. FIRST AID MEASURES

Eye Contact: In case of contact, or suspected contact, immediately flush eyes with plenty of water for at least 15
minutes and get medical attention immediately after flushing.

Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 15 minutes. Get medical
attention. Remove contaminated clothing and launder before reuse.

Inhalation: Remove person to fresh air. If not breathing, give artificial respiration. If breathing is difficult, get immediate
medical attention.

Ingestion: Do NOT induce vomiting. Never give anything by mouth to an unconscious or convulsing person. Seek
immediate medical attention. If vomiting occurs spontaneously, keep head below hips to prevent aspiration of liquid into
the lungs.

Notes to Physician: Treat symptomatically.

5. FIRE FIGHTING MEASURES

Flash Point: None.

Flash Point Method: Not applicable.

Autoignition Temperature: Not available.

Flammable Limits in Air (%): Not Available.

Extinguishing Media: Use extinguishing media appropriate for surrounding fire.

Special Exposure Hazards: Not flammable.

Hazardous Decomposition/Combustion Materials (under fire conditions): Not available.
Special Protective Equipment: Not applicable.

NFPA RATINGS FOR THIS PRODUCT ARE: HEALTH 1, FLAMMABILITY 0, INSTABILITY 0
HMIS RATINGS FOR THIS PRODUCT ARE: HEALTH 1, FLAMMABILITY 0, REACTIVITY 0

6. ACCIDENTAL RELEASE MEASURES

Personal Precautionary Measures: Wear appropriate protective equipment.

Environmental Precautionary Measures: Prevent from entering into soil, ditches, sewers, waterways and/or
groundwater. Consult local authorities.

Procedure for Clean Up: Isolate hazard area and restrict access. Absorb with an inert dry material and place in an
appropriate waste disposal container. Flush area with water to remove trace residue. Collect washings for disposal.

7. HANDLING AND STORAGE

Handling: Avoid breathing mist or vapor. Avoid contact with eyes, skin and clothing. Protect from freezing. Wash
thoroughly after handling.

Storage: Store in a dry place away from excessive heat, in original or similar waterproof containers. Keep containers
tightly closed. Store between 10°C (50°F) - 60°C (140°F).

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Engineering Controls:

Local exhaust ventilation as necessary to maintain exposures to within applicable limits.
Respiratory Protection: Not normally required if good ventilation is maintained. Avoid breathing mists or vapors.
Gloves:

Rubber gloves. Vinyl gloves.

Skin Protection: Skin contact should be prevented through the use of suitable protective clothing, gloves and footwear,
selected for conditions of use and exposure potential. Consideration must be given both to durability as well as
permeation resistance. Wear chemical resistant pants and jackets, preferably butyl or nitrile rubber.

Eyes: Safety glasses with side shields or chemical goggles.

Other Personal Protection Data: Ensure that eyewash stations and safety showers are proximal to the work-station
location. Use good personal hygiene practices. Wash hands before eating, drinking, smoking, or using toilet facilities.

Ingredients Exposure Limit - ACGIH | Exposure Limit - OSHA |Immediately Dangerous
to Life or Health - IDLH
Water Not available. Not available. Not Available.
Citric acid Not available. Not available. Not Available.
LA3183
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9. PHYSICAL AND CHEMICAL PROPERTIES

Physical State: Liquid

Color: Clear Colorless

Odor: Essentially odorless to very slight sugar odor.
pH Not Available.

Specific Gravity: 1.24

Boiling Point: 104°C /219°F
Freezing/Melting Point: Not Available.
Vapor Pressure: 16 mmHg

Vapor Density: 0.62

% Volatile by Volume: 50%
Evaporation Rate: <1

Solubility: Completely miscible.
VOCs: Not Available.

Viscosity: Not Available.

Molecular Weight: 192.13

Other: Not Available.

10. STABILITY AND REACTIVITY

Chemical Stability: Stable.

Hazardous Polymerization: Will not occur.
Conditions to Avoid: None known.

Materials to Avoid: Carbon. Caustics.

Hazardous Decomposition Products: None known
Additional Information:

Solutions are mildly corrosive to carbon steel.

11. TOXICOLOGICAL INFORMATION

Principle Routes of Exposure

Ingestion: If large amounts of the product are ingested, symptoms may include gastrointestinal irritation, nausea,
vomiting and diarrhea.

Skin Contact: Causes skin irritation. Resulting in stinging, reddening and swelling.

Inhalation: May cause irritation of the respiratory tract.

Eye Contact: Causes eye irritation. Resulting in stinging, reddening, tearing and swelling.

Additional Information: Pre-existing eye and skin disorders may be aggravated by exposure to this product.

Acute Test of Product:

Acute Oral LD50: Not Available.
Acute Dermal LD50: Not Available.
Acute Inhalation LC50: Not Available.

Carcinogenicity:

Ingredients IARC - Carcinogens ACGIH - Carcinogens
Water Not listed. Not listed.
Citric acid Not listed. Not listed.

Carcinogenicity Comment: No additional information available.

Reproductive Toxicity/ Teratogenicity/ Embryotoxicity/ Mutagenicity: Not Available.

LA3183
Citric Acid 50% Solution
Page 30of 5



12. ECOLOGICAL INFORMATION

Ecotoxicological Information:

Ingredients Ecotoxicity - Fish Species Acute Crustaceans Ecotoxicity - Freshwater
Data Toxicity: Algae Data
Water Not Available. Not Available. Not Available.
Citric acid LC50/96h/goldfish : 440-706 Not Available. Not Available.
mg/l

Other Information:
No additional remark.

13. DISPOSAL CONSIDERATIONS

Disposal of Waste Method: Disposal of all wastes must be done in accordance with municipal, provincial and federal

regulations.

Contaminated Packaging: Empty containers should be recycled or disposed of through an approved waste

management facility.

14. TRANSPORT INFORMATION

DOT (U.S.):

DOT Shipping Name: CORROSIVE LIQUID, ACIDIC, ORGANIC, N.O.S. (CITRIC ACID)

DOT Hazardous Class 8
DOT UN Number: UN3265
DOT Packing Group: 1l

DOT Reportable Quantity (Ibs): Not Available.

Note: No additional remark.
Marine Pollutant: No.

TDG (Canada):

TDG Shipping Name: CORROSIVE LIQUID, ACIDIC, ORGANIC, N.O.S. (CITRIC ACID)

Hazard Class: 8

UN Number: UN3265
Packing Group: lll

Note: No additional remark.
Marine Pollutant: No.

LA3183

Citric Acid 50% Solution
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15. REGULATORY INFORMATION

U.S. TSCA Inventory Status: All components of this product are either on the Toxic Substances Control Act (TSCA)

Inventory List or exempt.

Canadian DSL Inventory Status: All components of this product are either on the Domestic Substances List (DSL), the
Non-Domestic Substances List (NDSL) or exempt.

Note: Not available.

U.S. Regulatory Rules

Ingredients CERCLA/SARA - Section SARA (311, 312) Hazard CERCLA/SARA - Section
302: Class: 313:
Water Not Listed. Not Listed. Not Listed.
Citric acid Not Listed. Not Listed. Not Listed.

California Proposition 65: Not Listed.

MA Right to Know List: Not Listed.

New Jersey Right-to-Know List: Not Listed.
Pennsylvania Right to Know List: Not Listed.

WHMIS Hazardous Class:
E CORROSIVE MATERIAL

16. OTHER INFORMATION

Additional Information: This product has been classified in accordance with the hazard criteria of the
Canadian Controlled Products Regulations (CPR) and the MSDS contains all the

information required by the CPR.

NOTICE TO READER:

Univar, expressly disclaims all express or implied warranties of merchantability and
fitness for a particular purpose, with respect to the product or information provided
herein, and shall under no circumstances be liable for incidental or consequential
damages.

Disclaimer:

Do not use ingredient information and/or ingredient percentages in this MSDS as a
product specification. For product specification information refer to a Product
Specification Sheet and/or a Certificate of Analysis. These can be obtained from
your local Univar Sales Office.

All information appearing herein is based upon data obtained from the manufacturer
and/or recognized technical sources. While the information is believed to be
accurate, Univar makes no representations as to its accuracy or sufficiency.
Conditions of use are beyond Univar's control and therefore users are responsible to
verify this data under their own operating conditions to determine whether the
product is suitable for their particular purposes and they assume all risks of their use,
handling, and disposal of the product, or from the publication or use of, or reliance
upon, information contained herein. This information relates only to the product
designated herein, and does not relate to its use in combination with any other
material or in any other process.

**END OF MSDS***
LA3183

Citric Acid 50% Solution
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SECTION 1 - DOCUMENT INTRODUCTION

1.1 - OBJECTIVES OF THIS DOCUMENT

This process control narrative document presents sewage treatment system functions. It describes the
specific system requirements in terms of functionality and control. The information in this document is
necessary for proper and efficient operation of the system. It explains how the system runs through the
different operating modes. This document should be read in tandem with the process and
instrumentation diagrams (P&IDs), process flow diagram (PFD), general arrangement (GA) drawing and
HMI operator interface. It should be noted that only the scope of work of H20 Innovation is explained
in this document.

1.2 - REFERENCE DOCUMENTS

1.2.1 - DRAWINGS

DRAWING NUMBER DRAWING NAME EK&AEBSER OF
“Uess7s.cooool | teeeno 1
U65875-C01-0190 FEED WATER EQUALIZATION 1
U65875-C01-0110 RAW WATER SCREENING 1
U65875-C01-0720 AEROBIC TANK 1
U65875-C01-0740 MEMBRANE FILTRATION 1
U65875-C01-0750 BLOWERS FOR MBR SYSTEM 2
U65875-C01-0790 PERMEATE TANK 1
U65875-C01-0800 DOSING SKIDS — CLEANING CHEMICALS 1
U65875-C01-0800 DOSING SKIDS — ALKALINITY 1
U65875-C01-0960 SLUDGE HANDLING SYSTEM 1
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1.3 - ABBREVIATIONS

ABBREVIATIONS DEFINITION

AUTO Automatic Operation

BOD Biological Oxygen Demand
CEB Chemically Enhanced Backwash
CIP Clean in Place

EQ Equalization

GA General Arrangement Drawing
HMI Human Machine Interface
MBR Membrane Bioreactor

MLSS Mixed Liquor Suspended Solids
NaOCI Sodium Hypochlorite

NH3 Ammonia

PFD Process Flow Diagram

P&ID Process & Instrumentation Diagram
PLC Programmable Logic Controller
RAS Return Activated Sludge

STP Sewage Treatment Plant

TMP Trans-Membrane Pressure

uv Ultraviolet

VFD Variable Frequency Drive
WAS Waste Activated Sludge
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SECTION 2 - PROCESS DESCRIPTION

The Sewage Treatment Plant (STP) is a membrane bioreactor (MBR) design, and will treat domestic
sewage from the Agnico Meliadine Lake Mine in Nunavut. It will include equalization, fine screening,
biological reactors with membrane filtration, and a sludge handling system. A process schematic, shown
in Figure 1 below, illustrates the process flow of this system.

Return Activated Sludge

A4

MBR > uv
Fine Sump 5 Aerobic | | Permeate
Influent —>{  EQ [ Screens — Tank Zone ! —> Effluent
| Storage
N N > MBR > uv

Return!Activated Sludge |
1

| > Waste
Sludge |== Truck out

Tank

Figure 1 — Process Flow Schematic

The biological treatment system is designed to handle an average day flow rate of 216 m3/d. The system
is comprised of a common equalization system with screening and biological treatment followed by two
trains of membrane filtration. Trains are numbered 1 and 2. Waste sludge is sent to a single sludge
holding tank before it is removed for disposal. The system is installed in above ground insulated tanks
and ISO containers with associated mechanical and electrical equipment provided inside the containers.

2.1 - EQUALIZATION (EQ) SYSTEM

Feed is pumped (by others) to the equalization system, which is comprised of two aerated cylindrical
tanks sized to handle the peak hour design volume of 106,200 L. The equalization tank provides a
residence time sufficient to maintain steady flows to the biological treatment system during low and
high flow periods. Equalized water is pumped via two equalization (EQ) pumps on variable frequency
drives (VFDs) into a standpipe inside the second cylindrical tank and flows from that pipe by gravity to
the fine screens inside Container 1.

2.2 - FINE SCREEN SYSTEM

Equalized wastewater flow to the fine screens by gravity. The fine screens are rotary drum screens with
2 mm perforated plate openings that automatically remove debris and trash. This protects the
downstream processes and equipment. The fine screen operates continuously. Pressurized wash water
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is used intermittently to clean the screens and screenings. Screened raw water falls by gravity from the
screens into a sump, where the screened water is collected and pumped to the aerobic tank.

2.3 - AEROBIC BIOLOGICAL TREATMENT

The aerobic tank is a third cylindrical tank located outdoors. Aerobic biological treatment is the work-
horse of any biological wastewater system. In this process, heterotrophic bacteria consume organic
pollutants (BOD), oxygen and ammonia, and produce carbon dioxide, water and nitrate as well as
reproducing to grow the bacteriological population. Fine bubble diffusers are installed in the bottom of
the aerobic tank and process blowers continuously provide air to the diffusers. The air bubbling from the
bottom of the tank imparts oxygen into the liquid phase to maintain a dissolved oxygen concentration of
approximately 2 mg/L to satisfy the needs of the biomass. The bubbling is also used to keep the bacteria
in suspension. The oxygenated mixed liquor suspended solids (MLSS) overflows into a standpipe inside
the cylindrical tank and flows by gravity to the membrane filtration trains in Container 2.

2.4 - MEMBRANE FILTRATION

The activated sludge is split between the two membrane tanks that are located in Container 2.
Membrane filtration is used to separate the bacteria from the water to keep them in the process at the
desired concentration. Activated sludge is returned at a constant flow rate to the Aerobic Tank to
prevent a build-up of sludge in the membrane tank. The Return Activated Sludge (RAS) is pumped by the
RAS pumps at a flow rate 4 times greater than the design flow rate of the plant. In this manner the
activated sludge is recirculated from the aerobic tank, to the membrane tank and back to the aerobic
tank constantly at approximately 4 times the average feed flow rate.

Aerobic .| Membrane
Tank 7 Filtration
N

Return Activated Sludge

Figure 2 — Bioreactor Sludge Recirculation Set-up

The filtered liquid (called permeate) is pulled through the hollow-fiber membrane filters by the
permeate pumps at a flow rate that matches the feed flow rate entering the aerobic tank to maintain a
constant liquid level in the membrane tanks. From the permeate pumps, each membrane bioreactor
train sends permeate through an inline ultraviolet (UV) disinfection system. The UV system operates
continuously to kill any residual organisms remaining before it is sent to a common permeate storage

Process Control Narrative — Meliadine STP - 08/01/2016



haC)

tank. The permeate tank acts as a reservoir for treated water that can be used for CEB and CIP
processes.

2.5 - MEMBRANE CLEANING

To mitigate membrane fouling, several maintenance processes are performed:

1. Membrane Relax — membrane permeation is stopped for 1 minute after every 7 minutes of
permeation.

2. Chemically Enhanced Backpulse (CEB) — membrane permeate flow is reversed to flow back into
the membranes while cleaning chemical is added inline. This is done once per week.

3. Clean in Place (CIP) — a semi-annual process where a high concentration of chemical is used to
restore permeability to the membranes. This is a combination of a reverse flow with chemical
and a soak period.

2.6 - TREATED WATER SYSTEM

Permeate is transferred into the permeate tank, where it is then pumped by effluent pumps to a
discharge location.

2.7 - SLUDGE HANDLING

Since bacteria within the STP continue to reproduce as they consume organics and nutrients, the
concentration of biomass, measured as Mixed Liquor Suspended Solids (MLSS), increases with time. To
maintain a steady MLSS in the bioreactors, some sludge must be removed (wasted) on a daily basis.
Sludge is wasted by re-directing the RAS flow to the sludge storage tank, referred to as waste activated
sludge (WAS). The sludge storage tank is aerated to maintain an aerobic biomass. The aeration can be
turned off for a period of time to allow sludge to settle within the sludge tank and thicken by gravity.
The supernatant that is left in the upper portion of the tank can be removed by opening a valve from the
sludge tank, and allowing it to flow to the sump tank where it re-enters the treatment process. This
operation (called decanting) reduces the volume of sludge that needs to be handled and extends the
period of time that the sludge tank can be used before thickened sludge must be disposed of.

2.8 - OPERATIONAL FLEXIBILITY

The membrane portion of the sewage treatment system operates as two (2) separate trains. Therefore,
if maintenance is required for any piece of equipment in the membrane system, the plant will continue
to operate one train treating the full flow for short durations.

n Process Control Narrative — Meliadine STP - 08/01/2016
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In the event of very low sewage production periods, a train can be taken completely offline by draining
and flushing the system and filling the membrane tank with permeate since the membranes must be
kept wet once they are commissioned.
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SECTION 3 - CONTROLS PHILOSOPHY

3.1 - INTRODUCTION

The controls for the Meliadine STP are automated by a programmable logic controller (PLC) that
functions based on a series of operating “modes”. The PLC automatically moves the system between the
different modes using triggers that are executed based on a variety of parameters such as tank level,
pressure, dissolved oxygen and flow rate that are measured continuously by the instrumentation that is
installed throughout the plant. Automated valves are actuated and equipment is turned on and off
based on the modes and conditions at any given time.

3.1.1 - EQUIPMENT CONTROL — HOA CONTROL

All equipment can either be manually controlled or controlled by the PLC program. Each piece of
equipment appears on the touch screen that acts as the Human Machine Interface (HMI). When the
symbol for a piece of equipment such as a pump is touched, a pop-up screen appears allowing the
operator to choose to override the AUTO setting to ON or OFF. If it is set to ON, the equipment will RUN
and start operating irrespective of plant conditions. If it is set to OFF, the equipment will STOP,
regardless of the current status of the plant. If it is set to AUTO, it will automatically operate in RUN and
STOP based on the mode and conditional programming that has been established and is described in
detail within this document.

The HOA screen for equipment with variable speed, such as a pump with a VFD, allows the operator to
input a specific speed (0-100%) at which the equipment will operate when it is manually turned ON.

3.1.2 - TRAIN OPERATION

The two (2) membrane trains operate independently depending on their status at a given time. Each
train operates based on the tank levels, flow rates and pressures of the particular train. When one train
encounters a situation where it needs to stop operation, such as a cleaning or alarms that require it to
stop, the feed from the aerobic tank continues to flow into a pipe that hydraulically connects both
membrane tanks. As a result, even if one membrane train stops, the hydraulic connection causes all of
the feed to flow to the other train to balance the membrane tank levels.
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3.2 - MODES OF OPERATION

The controls system operates based on a number of modes as shown below:
MODE DESCRIPTION

All process equipment is OFF with the exception of blowers to ensure the

OFF . .
system remains aerobic.

Production mode occurs during normal operation when sewage is being
PRODUCTION | sent to the EQ tanks. All process equipment operates based on the
automatic control logic to provide treatment of sewage, as described below.
Standby mode occurs when the amount sewage being sent to the system is
STANDBY less than the system capacity such that the system must “wait” for
adequate feed to continue operation.

CEB or “Chemically Enhanced Backpulse” is a weekly membrane
CEB maintenance process that sends cleaning agents to the membranes to
mitigate membrane fouling

CIP or “Clean in Place” is a process designed to return the membranes to a
CIP near-clean state using a high chemical concentration and relatively long
duration (4 hours). The process is conducted semi-annually as required.

3.3 - OPERATING SEQUENCE CHART (0SC)

The OSC shown below provides an overview of the status of the major equipment and valve positions
for different operating modes and steps within each mode. It indicates for each operating mode
whether equipment is in STOP, as indicated by an “X” or RUN/AUTO, as indicated by an “O”.

Where a piece of equipment is assigned an “X” for a particular mode, it indicates that this equipment
will always be in STOP during the associated mode. Where a piece of equipment is assigned an “O” for a
particular mode, it indicates that this equipment will operate either continuously or based on a set of
conditions. Since some equipment operates conditionally based on triggers, the “O” status indicates
that this equipment will be subject to its conditional programming. For example, the Fine Screen is
indicated as “O” during “Production” mode; however, it is programmed to only operate when the Feed
Flow Rate is >0. Therefore, even though the system is in “Production” mode, if the Feed Flow Rate is
zero, the Fine Screen will stop operating until the Feed Flow Rate >0.
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O - AUTO (RUN/STOP)

Production - Relax

X-STOP
Standby

CEB - Initiate
CEB - Injection
CEB - Soak

CIP - Soak

CIP - Flush

CIP - Finish

Alkalinity Pumps operate based on a feedback loop from the pH Probe on the Aerobic Tank effluent

JAON WILSAS

of clean selected. The two chemicals must never be mixed together to avoid the formation of poison

* During a CEB or CIP, EITHER the hypochlorite OR the citric acid will be initiated, depending on the type

?Fine Screens operate only when the EQ Pump Feed Flow Rate is >0

'EQ Pumps operate based on EQ Tank Level
3

Z|cIP - Initiate
é CIP - Injection

§ CEB - Flush
S |CEB - Finish

gas.
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3.4 - CONTROL SYSTEM AND COMMUNICATION

3.4.1 - PROGRAMMABLE LOGIC CONTROLLER

The system will be controlled by a Schneider Electric Modicon m340 or m580 Processor, and the HMI
will operate on a Wonderware interface.

3.4.2 - DISTRIBUTED I/0

Schneider 10 will be used for the 1/0 in each container. The local instruments and valves will be wired to
the corresponding local I/O junction box.

3.4.3 - OTHER COMMUNICATIONS

Ethernet/IP will be used for the communication between the PLC and the local 10 blocks. Ethernet/IP
will also be used for the communication between the PLC and the local HMI screen and also the VFDs.
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SECTION 4 - CONTROL NARRATIVE

4.1 - EQUALIZATION (EQ) SYSTEM

Domestic sewage is sent by lift pumps through a Raw Feed Flowmeter (FIT-11274) to the STP. The
equalization system suppresses variability in feed flow to the treatment plant. The two (2) EQ Tanks (T-
19000A/B) are hydraulically connected in series and combined have sufficient volume to handle the
expected variability in feed flow. The equalization tanks fill and empty as sewage production varies, but
send a relatively consistent flow forward to the downstream processes.

An Equalization Blower (B-75000) provides air to both EQ Tanks to maintain an aerobic environment and
provide mixing. Air is distributed through Coarse Bubble Diffusers (CBD-19086) installed in the EQ
Tanks.

The EQ Pumps (P-19200A/B) are submersible pumps installed on the bottom of the second cylindrical
EQ tank that are used to transport equalized sewage from the EQ Tank, through the equalized feed
flowmeter (FIT-19274) and into the Fine Screens (SCR-11200A/B). Each EQ pump can handle the full
flow to the plant so that when one EQ pump is offline the other can continue to supply the STP with
equalized flow.

4.1.1 - EQUALIZATION SYSTEM EQUIPMENT

EQUIPMENT TAGS QTY DESIGN VALUE NOTES
-

Loose shipped,
measures the
Raw Feed instantaneous flow
FIT-11274 1 0-110 m3/hr
Flowmeter to the plant and
totalizes the daily
flow *
EQ Tanks T-19000A/B 2 Volume = 63 m3 each Cylindrical tank
Equalization
9 B-75000 1 680 m’°/h @ 6.5 m H,0 | One for both tanks
Blower
Coarse
CBD-19086A1/A4
Bubble CBD-19086B1/B4 8 n/a
Diffusers
EQ Level
Q LT-19060A/B 2 0-7 m H,0 One per tank
Sensors
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EQ Pumps P-19200A/B 2 9 m*/hr each VFD controlled
Equalized Measures the
Feed FIT-19274 1 0-25m3/hr equalized flow to
Flowmeter the plant

'HMI should display the previous day’s total flow as measured through the raw feed flowmeter as well

as the cumulative flow from the current day (since midnight).

4.1.1.1 - EQUALIZATION PUMPS

When the STP system is in PRODUCTION mode or STANDBY mode, the EQ Pumps will operate
based on the commands given from the PLC. The EQ Pumps operate on VFDs to allow their
speeds to be adjusted to meet different Flow Rate Set-Points. These Flow Rate Set-Points are
met using a PID loop to adjust the pump speed based on the measured flow of the Equalized
Feed Flow Meter (FIT-19274). The EQ Pump status and Flow Rate Set-Points are determined in
response to the EQ Level Sensors (LT-19060A/B) as follows:

EQ TANK LEVEL DESCRIPTION NOTES
)

Below LoLo This protects the EQ Pumps from
Level Set-Point | STOP EQ Pumps running dry. LoLo Alert is shown on PLC.
in Tank 2

The “Flow Set-Point” is 9 m3/hr;
Between Lo . )

. .| RUN EQ Pump; system enters | however, the operator can change this

Level and HiHi
Level Set- PRODUCTION mode. value to prevent intermittent operation
Points in Tank | Faualized F.eed Flowrate = | during times with low sewage
2 “Flow Set-Point” production

When the EQ Tank level increases to
Above HiHi RUN EQ Pump. the HiHi Level Set-Point, a critical alarm
Level Set-Point | Equalized Feed Flowrate = | gccurs, but the pump continues to run
in Tank 2 “Flow Set-Point” at the same set-point.

Note: EQ Pump operation should alternate between EQ Pump A and EQ Pump B every 24 hours
unless a Pump Fault indicates otherwise.

In the event of a level transmitter failure in EQ Tank 2, the level transmitter in EQ Tank 1 will be
used. This mode is for emergency purposes only; it is imperative that the EQ Tank 2 level
transmitter be repaired as soon as possible to resume normal plant control and operation. This
is important because in the event of a line freeze or blockage between EQ Tank 1 and 2, both
transmitters need to be functioning in order to identify the differing tank levels and correct the
problem quickly.
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4.1.1.2 - EQUALIZATION BLOWER

The Equalization Blower is used to supply oxygen to both Equalization Tanks to maintain an
aerobic environment and provide mixing. One blower is supplied for both tanks. Under normal
conditions, the blower will always be in RUN.

4.1.2 - EQUALIZATION SYSTEM HMI INPUTS

The following values are input on the HMI and can be adjusted to optimize system operation.

HMI INPUT INITIAL VALUE

Raw Feed Flow Rate - Lo Set-Point 1 m3/hr
Raw Feed Flow Rate - Hi Set-Point 106 m3/hr
EQ Tank 1/2 Level — LoLo Set-Point 0.8 m

EQ Tank 1/2 Level - Lo Set-Point 1.0m

EQ Tank 1/2 Level - Hi Set-Point 4.0m

EQ Tank 1/2 Level - HiHi Set-Point 6.0 m
Equalized Feed Flow Set-Point 9 m3/hr
Egiunailized Feed Flow Rate - LoLo Set- 1 m3/hr

4.1.3 - EQUALIZATION SYSTEM ALARMS
ALARM OR ALERT DESCRIPTION ACTION

Occurs if the raw feed flow rate is .
Raw Feed Flow Rate - Lo . No Action
lower than the Lo setpoint

. Occurs if the raw feed flow rate is .
Raw Feed Flow Rate - Hi . ) . Alert: “Raw Feed Flow Rate — Hi”
higher than the Hi setpoint

Occurs if the raw feed flowmeter Alert: “Raw Feed Flowmeter

Raw Feed Flowmeter Fault ) .
returns non 4-20 mA signal Fault
Alert: “EQ Blower Fault”

Occurs if EQ blower returns a non Alert operator to repair or

EQ Blower Fault )
4-20 mA signal replace blower as soon as
possible

Occurs when EQ Tank 1 level drops
EQ Tank 1 Level —LolLo . E Alert: “EQ Tank 1 - Level LoLo”
below the LoLo Level Set-Point

Occurs when EQ Tank 1 level drops )
EQ Tank 1 Level - Lo . No Action
below the Lo Level Set-Point
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EQ Tank 1 Level - Hi

Occurs when EQ Tank 1 level rises
above Hi Level Set-Point

Alert: “EQ Tank 1 - Level Hi” (No
Action)

EQ Tank 1 Level - HiHi

Occurs when EQ Tank 1 level rises
above HiHi Level Set-Point

Critical Alarm: “EQ Tank 1 — Level
HiHi” (No Action) Note that an
emergency overflow is installed
on both EQ tanks that will allow
a controlled overflow in case of
emergencies.

EQ Tank 1 Level Sensor
Fault

Occurs if the transmitter returns
non 4-20 mA signal

Critical Alarm: “EQ Tank 1 — Level
Sensor Fault”
Use levels from EQ Tank 2 Level
Sensor until EQ Tank 1 Level
Sensor Fault cleared

EQ Tank 2 Level —LoLo

Occurs when EQ Tank 2 level drops
below the LoLo Level Set-Point

Alert: “EQ Tank 2 - Level LoLo”
STOP EQ pumps

EQ Tank 2 Level — Lo

Occurs when EQ Tank 2 level
reaches the Lo Level Set-Point

No Alert/Alarm
Put EQ Pumps in RUN if they are
in STOP; system enters
PRODUCTION mode

EQ Tank 2 Level - Hi

Occurs when EQ Tank 2 level rises
above Hi Level Set-Point

Alert: “EQ Tank 2 - Level Hi” (No
Action)

EQ Tank 2 Level - HiHi

Occurs when EQ Tank 2 level rises
above HiHi Level Set-Point

Critical Alarm: “EQ Tank 2 — Level
HiHi” (No Action) Note that an
emergency overflow is installed
on both EQ tanks that will allow
a controlled overflow in case of
emergencies.

EQ Tank 2 Level Sensor
Fault

Occurs if the transmitter returns
non 4-20 mA signal

Critical Alarm: “EQ Tank 2 — Level
Sensor Fault”
Use levels from EQ Tank 1 Level
Sensor until EQ Tank2 Level
Sensor Fault cleared

EQ Pump A Fault

Indicates mechanical failure of EQ
Pump A

Alert: “EQ Pump A Fault”
Turn EQ Pump A to OFF and
switch operation to EQ Pump B

EQ Pump B Fault

Indicates mechanical failure of EQ
Pump B

Alert: “EQ Pump B Fault”
Turn EQ Pump B to OFF and
switch operation to EQ Pump A

Equalized Feed Flow Rate
-LoLo

Occurs when EQ Pump is ON and
FIT-19274 reads less than the

Alarm: “Equalized Feed Flow
Rate LoLo”

Process Control Narrative — Meliadine STP - 08/01/2016



Equalized Feed LolLo Set-Point Turn OFF EQ Pumps — this

indicates a possible broken pipe

or clogged pipe/pump. Operator
must repair immediately.

Alarm: “Equalized Feed
Flowmeter Fault”
Equalized Feed Flowmeter Occurs if the flowmeter returns Continue EQ Pump operation at
Fault non 4-20 mA signal last setpoint for VFD and
continue Fine Screen operation

until Fault is cleared

4.2 - FINE SCREEN SYSTEM

The equalized sewage flows through the Fine Screens (SCR-11200A/B) to remove hair, trash and debris
that can have a detrimental effect on downstream processes. The fine screens are automatic and
flushing water is intermittently used to clean the screens to prevent excessive accumulation of debris on
the screen holes. The frequency and duration of cleans are controlled by timers on solenoid valves that
send wash water to the screens, and can be adjusted by the operator at the HMI. Once the sewage
passes through the screen it falls into the Sump Tank for Screened Water (T-12000) by gravity.
Screenings that are removed by the screen are washed, compacted and automatically sent to a trash
receptacle (T-11800), which must be emptied and the trash disposed of on a daily basis. Screened water
is pumped by the Sump Pumps (P-12200A/B) to the Aerobic Tank.

4.2.1 - FINE SCREEN SYSTEM EQUIPMENT
EQUIPMENT TAGS QTY DESIGN VALUE NOTES

Duty/standby
configuration, both
operate when the
Fine SCR-11200 5 N/A Feed Flow to the
Screens Screens >0, and
continue to operate
for a set time after

the signal ends

Fine Screen
Wash Wat Only operates on

as ater

. FV-11221 1 N/A cycle when the Fine

Solenoid . )
valve creens are running
Fine Screen Must be emptied
Trash T-11800 1 N/A daily by the
Basket operator
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Sump for
Screened T-12000 1 4 m3
Water

m Duty/standb
Sump P-12200A/B 2 9ma/hreach y/standby
Pumps configuration

0—-20kP
Sump Level LT-12060 ) a
Sensor (0-1.2m)

Screened
Water pH AlT-11094 1 pH:0-14
Sensor

Screened Measures the
Water FIT-12274 1 0-25m3/hr screened flow to
Flowmeter the plant

4.2.1.1 - FINE SCREENS

When the system is in PRODUCTION or STANDBY mode, the screens will be in AUTO. The
screens only RUN when there is feed to them as measured by the equalized feed flow meter
(FIT-19274). The screen auger will continue to run for the set time (T1) after the signal ends.

The screen/press shower will run on cycle whenever the auger is operating. The wash water
shower will cycle on and off and can be adjusted by timer for cycle length and duration of
shower. The shower will operate a minimum of once per day to keep the plug moist. A typical
cycle is on for 5-20 seconds and then off for 30-200 seconds (i.e., cycle length of 35-220 seconds,
and duration of wash for 5-20 seconds).

4.2.1.2 - SUMP PUMPS

When the STP system is in PRODUCTION or STANDBY mode, the Sump Pumps will operate based
on the level in the Sump Tank. The Sump Pumps are each set up to operate at the design flow
rate of the plant. This flow can be monitored using the screened water flowmeter (FIT-12274).

Under normal operation, one pump will operate. In the event of an upset where the Sump Tank
level increases, an emergency backup is available to prevent overflowing inside the container. If
the Sump Tank level reaches the “HiHi” level, the second Sump Pump will RUN to increase the
flow through the system. Once the Sump Tank level falls below the “LoLo” level, both Sump
Pumps will turn OFF. When the level increases again the system will return to operation as
normal with one pump running.

The Sump Pump status and Flow Rates are determined in response to the Sump Tank Level
Sensor (LT-12060) as follows:
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SUMP LEVEL DESCRIPTION

NOTES

Below LoLo

. STOP S P
Level Set-Point ump Pumps

This protects the Sump Pumps from
running dry.

Between LolLo
Level and HiHi
Level Set-
Points

RUN Sump Pump.

During normal operation a single Sump
Pump is in RUN and the flow rate
should be adjusted to 9 m3/hr to match
the Equalized Feed Flow Set-Point. The
operator can manually adjust the flow if
desired to meet specific plant needs.

Above HiHi

| RUN both Sump Pumps.
Level Set-Point oth Sump Pumps

When the Sump Tank level increases to
the HiHi Level Set-Point, a critical alarm
occurs and the second Sump Pump will
RUN. The EQ pumps will also be turned
to STOP to prevent additional water
from entering the Sump Tank. Both
pumps will continue to RUN until the
Sump Tank level drops to the Hi Level
Set-Point. With both pumps running,
the total flow rate will be approximately
18 m3/hr. Note that an emergency
overflow is installed on the Sump tank
that will allow a controlled overflow out
of the container in case of emergencies.

Note: Sump Pump operation should alternate between Sump Pump A and Sump Pump B every

24 hours unless a Pump Fault indicates otherwise.

4.2.2 - FINE SCREEN SYSTEM HMI INPUTS

The following values are input on the HMI and can be adjusted to optimize system operation.

HMI INPUT INITIAL VALUE
Fine Screen Auger Timer (T1) 2 minutes
Fine Screen Washwater Timer 200 seconds
Fine Screen Washwater Duration 10 seconds
Sump Tank Level — LoLo Set-Point 0.3m
Sump Tank Level — HiHi Set-Point 3.6 m
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Screened Water pH - Lo Set-Point 6.0
Screened Water pH - Hi Set-Point 8.0
Screened Water Flow Rate - LoLo 1 m3/hr
Set-Point

4.2.3 - FINE SCREEN SYSTEM ALARMS

ALARM OR ALERT

Fine Screen A Fault

DESCRIPTION

Indicates that fine screen may
not be operating properly

ACTION

Alert: “Fine Screen A Fault —
divert flow to Fine Screen B”

Fine Screen B Fault

Indicates that fine screen may
not be operating properly

Alert: “Fine Screen B Fault —
divert flow to Fine Screen A”

Sump Pump A Fault

Indicates mechanical failure of
Sump Pump A

Alert: “Sump Pump A Fault”
Turn Sump Pump A to OFF
and switch operation to
Sump Pump B

Sump Pump B Fault

Indicates mechanical failure of
Sump Pump B

Alert: “Sump Pump B Fault”
Turn Sump Pump B to OFF
and switch operation to
Sump Pump A

Screened Water Flow Rate -

LoLo

Occurs when Sump Pumps are
ON and FIT-12274 reads less
than the Screened Water Flow
Rate LoLo Set-Point

Alarm: “Screened Water Flow
Rate LoLo”

STOP Sump Pumps — this
indicates a possible broken
pipe or clogged pipe/pump.

Also STOP EQ Pumps to

prevent overflow in the
container.

Sump Tank Level —LolLo

Occurs when Sump Tank level
drops below the LoLo Level Set-
Point

Alert: “Sump Tank - Level
LoLo”
STOP Sump Pumps

Sump Tank Level - HiHi

Occurs when Sump Tank level
rises above HiHi Level Set-Point

Critical Alarm: “Sump Tank —
Level HiHi” RUN both Sump
Pumps in tandem and STOP
EQ Pumps until Tank Level
drops below the Hi Level Set-
Point Note that an
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emergency overflow is
installed on the Sump Tank
that will allow a controlled
overflow out of the container
in case of emergencies.

Critical Alarm: “Sump Pump —

] ) Level Sensor Fault”
Occurs if the transmitter . )
Sump Tank Level Sensor Fault ) Continue Sump Pump in RUN
returns non 4-20 mA signal .
until Level Sensor Fault

cleared

Indicates pH is below the pH Lo Alert: “Screened Water pH
Screened Water pH - Lo . . g

Set-Point Lo”
. Indicates pH is above the pH Hi Alert: “Screened Water pH

Screened Water pH - Hi )

Set-Point Hi
Screened Water pH Sensor Occurs when sensor returns Alert: “Screened Water pH
Fault non 4-20 mA signal Sensor Fault”

) Alarm: “Screened Water

Screened Water Flowmeter Occurs if the flowmeter returns

. Flowmeter Fault”
Fault non 4-20 mA signal . .
Continue Sump Pump in RUN

* If a “Fine Screen Fault” occurs and the screen stops operating properly, the Fine Screen will eventually
blind with debris and the portion of feed flow entering that screen will overflow and bypass that screen.
The operator must manually isolate the faulted screen to repair/replace it, while the remaining screen
continues to operate. Each fine screen is sized to handle the full plant flow; however, a faulted screen
must be repaired as soon as possible in order to ensure that downstream equipment is not affected.

4.3 - AEROBIC BIOLOGICAL TREATMENT

Screened sewage enters the Aerobic Tank (T-73000) where it is mixed with Return Activated Sludge
(RAS) pumped from the Membrane Tanks (T-74000-1/2). The combined mixture called “Mixed Liquor”
or “Activated Sludge” travels through the Aerobic Tank and overflows into a standpipe, where it falls by
gravity into a downcomer pipe that splits into 2 lines that enter into each Membrane Tank.

The purpose of the aerobic biological treatment is to provide a residence time within which the mixed
liguor encounters a dissolved oxygen concentration above 1 mg/L. This allows heterotrophic bacteria to
consume organics and ammonia and convert them to carbon dioxide and nitrate. During this biological
process the bacteria also consume oxygen and produce more bacteria. Oxygen supply is provided by
pumping air from the Process Blowers (B-75240A/B) through the Fine Bubble Diffusers (FBD-73086) and
into the mixed liquor in the Aerobic Tank. The Dissolved Oxygen (DO) concentration is continuously
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measured by the DO sensor (AE-73094), and the pH and temperature are continuously monitored by the

pH/Temperature Sensor (AIT-72093).

4.3.1 - AEROBIC BIOLOGICAL SYSTEM EQUIPMENT

EQUIPMENT TAGS QTY DESIGN VALUE NOTES
Aerobic 7-73000 1 Volume = 63 m3 Cylindrical Tank
Tank
Pr 153 m3/hrat6.5m Duty/standb

0cess B-75240A/8 2 / y/standby
Blowers H,0 configuration
Blower Air
Mass FIT-75274 1 0-200 m3/hr
Flowmeter
Fine Bubble
. FBD-73086 1 N/A
Diffusers /
Aerobic
Tank Level LT-73060 1 0-7m
Sensor
Dosing will
automatically be
o adjusted by the PLC
Alkalinity
. to ensure adequate
Dosing P-80100 2 0.18 m3/d each .
buffering is
Pumps ] )
available in the
water to achieve
the target pH range
H: 0-14 Design value is pH
pH/Temp AT-72093 1 P ) ign value is p
Sensor Temp: 0-50°C 6-8
Design value is 2
DO Sensor AIT-72094 1 02: 0-10 mg/L

mg/L

4.3.1.1 - PROCESS BLOWERS

The Process Blowers are used to supply oxygen to the biomass in the Aerobic Tank. Two Process

Blowers are supplied for the aerobic tank in a duty/standby configuration, so that if one blower

goes offline the other one will automatically switch to RUN. This redundancy is included

because the aerobic treatment process is a critical operation and the blowers must satisfy the

oxygen requirement for a given BOD and NH3 loading rate. Under normal conditions, the air

supply to a train will always RUN in order to provide oxygen to the bacterial population. If the
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DO concentration drops below 1 mg/L the second blower will come on to supplement the air
supply.

4.3.1.2 - ALKALINITY DOSING PUMPS

The dosing of sodium hydroxide is used to add alkalinity to the wastewater treatment system to
satisfy the alkalinity requirements of the nitrification process where ammonia (NH3) is
converted to nitrate (NO3). Alkalinity also serves to buffer the wastewater and prevent pH
swings.

The Alkalinity Dosing Pumps (P-80100) transport sodium hydroxide into the RAS lines where it is
mixed and sent to the Aerobic Tank. The dosing pumps will RUN when the pH drops below the
Lo pH Set-Point until the pH increases to the Hi pH Set-Point. The dosing rate will be constant
and can be adjusted by the operator manually.

When the system is in Production mode, the Alkalinity Dosing Pump will be in RUN. The actual
stroke length of the Alkalinity Dosing Pumps remains constant (set up during commissioning).

4.3.2 - AEROBIC BIOLOGICAL SYSTEM HMI INPUTS

The following values are input on the HMI and can be adjusted to optimize system operation.

HMI INPUT INITIAL VALUE

pH LoLo - Set-Point 6.0
pH Lo — Set-Point 6.5
pH Hi — Set-Point 7.0
pH HiHi — Set-Point 8.0
DO Lo — Set-Point 1.0
Aerobic Tank Level Set-Point 5.8m
Aerobic Tank Level — LoLo Set-Point 54m
Aerobic Tank Level - Lo Set-Point 5.6m
Aerobic Tank Level - Hi Set-Point 5.9m
Aerobic Tank Level - HiHi Set-Point 6.0m
Process Blower Flow Rate Set-Point 153 m*/h
E;ci);:;ass Blower Flow Rate Lo Set- 50 m*/h
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Alkalinity Dosing Rate — Set-Point

100% stroke length

Alkalinity Tank Level — Lo Set-Point

Set in field

4.3.3 - AEROBIC BIOLOGICAL SYSTEM ALARMS

ALARM OR ALERT

Aerobic Tank Level Sensor
Fault

DESCRIPTION

Occurs when level sensor
returns non 4-20 mA signal

ACTION

Alert: “Aerobic Tank Level
Sensor Fault”

Aerobic Tank Level - Hi

Occurs when aerobic tank level
rises above Hi Level Set-Point

Alert: “Aerobic Tank Level Hi”

Aerobic Tank Level - HiHi

Occurs when aerobic tank level
rises above HiHi Level Set-Point

Alarm: “Aerobic Tank Level
HiHi” Pipe to Membrane
Tanks may be clogged or

frozen. STOP EQ Pumps. Note
that an emergency overflow
is installed on the Aerobic
Tank that will allow a
controlled overflow in case of
emergencies.

Aerobic Tank Level - Lo

Occurs when aerobic tank level
drops below the Lo Level Set-
Point

Alert: “Aerobic Tank Level Lo”

Aerobic Tank Level — LoLo

Occurs when aerobic tank level
drops below the LoLo Level Set-
Point

Alarm: “Aerobic Tank Level
LoLo” Tank may be leaking;
Alert operator to investigate
immediately. STOP EQ
Pumps.

Aerobic Tank pH - Lo

Indicates pH has dropped below
the pH Lo Set-Point

Alert: “Aerobic Tank pH Lo,
adjust Alkalinity Dosing Rate”

Aerobic Tank pH - Hi

Indicates pH has increased
above the pH Hi Set-Point

Alert: “Aerobic Tank pH Hi,
adjust Alkalinity Dosing Rate”

Aerobic Tank pH/ Temperature
Sensor Fault

Occurs when sensor returns
non 4-20 mA signal

Alert: “Aerobic Tank pH /
Temperature Sensor Fault”

Process Blower A Fault

Indicates a mechanical failure of
Process Blower A

Alarm: “Process Blower A
Fault; switch to Process
Blower B”

Process Blower B Fault

Indicates a mechanical failure of
Process Blower B

Alarm: “Process Blower B
Fault; switch to Process
Blower A”

Process Control Narrative — Meliadine STP - 08/01/2016



26

heO

Process Blower Flow Rate Lo

Occurs when Process Blower is
in RUN and FIT-75274 reads an
airflow rate lower than the
Process Blower Flow Rate Lo
Set-Point

Alert: “Process Blower Flow
Rate Lo”
Operator to investigate
immediately; line may be
broken or clogged

Alkalinity Dosing Pump Fault

Indicates a mechanical failure of
the Alkalinity Dosing Pump

Alert: “Alkalinity Dosing
Pump Fault” Switch to
Backup Dosing Pump

(installed on same skid)

Alkalinity Tank Level Lo

Occurs when alkalinity day tank
level drops below Lo Level Set-
Point

Critical Alarm: “Refill
chemical tank for alkalinity
adjustment”
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4.4 - MEMBRANE FILTRATION

Mixed liquor flows by gravity from the Aerobic Tank (T-73000) into the Membrane Tanks (T-74000).
Within each Membrane Tank, the Membrane Module (F-74000) filters the mixed liquor. The membranes
have tiny pores (0.4um) that prevent solids from entering the permeate side of the membrane, but
allow the passage of water. Permeation occurs during the PRODUCTION mode at a rate that is, on
average, equal to the feed flow rate to the train to prevent accumulation of liquid in the Aerobic Tank
and Membrane Tanks.

To prevent solids accumulation on the surface of the membranes, membranes permeate for a period of
time followed by a “Relax” step where permeation is stopped for a short period of time. The default
cycle includes a 7 minute Permeation period followed by a 1 minute Relax period. During Production
and Standby, a Membrane Air Scour Blower (B-75400) provides air to the integrated coarse bubble
diffusers to provide air scouring and reduce sludge buildup on the membrane fibers.

To prevent excessive solids accumulation within the Membrane Tank, the mixed liquor is returned to the
Aerobic Tank via the RAS pumps (P-74600). The MLSS concentration shall be maintained by daily
wasting of MLSS to remove bacteria from the system at the same rate at which they grow. The required
daily wasting volume can be estimated by comparing the MLSS measurements taken during sampling
with the target MLSS concentration. Biological growth varies with a number of factors and, as the
system is operated, a steady state growth will occur, leading to the development of a consistent sludge
wasting volume. The daily wasting volume shall be calculated and a “suggested wasting volume” shall
be updated within the Sludge Wasting Screen on the HMI. The operator can then choose to manually
adjust the daily wasting volume once the need for adjustment is confirmed. This is to prevent improper
wasting due to erroneous MLSS concentration measurements. The calculation for “suggested wasting
volume” is given in Section 4.7.

4.4.1 - MEMBRANE FILTRATION SYSTEM EQUIPMENT

EQUIPMENT TAGS QTY DESIGN VALUE NOTES
|

Membran

embrane T-74000 2 6.6 m>each
Tank

2 900 m2

Membrane F-74000 ‘ m
Module (1 per train) 450 m2 per module
Membrane
System B-75400 2 254 m*/h per train
Blower
Blower Air
Mass FIT-75474 2 0-300 m%/h
Flowmeter
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Timer required to
monitor

Permeate P-79000 4.5 m3/hr

Pumps permeate/relax
cycles

Permeate 3

FIT-79074 0-15m’/hr

Flow Meter /

Membrane

Tank Level LT-74060 0-3.0m

Sensor

Permeate

Pressure PT-79045 -100 to 100 kPa

Sensor
RAS pump also

. used for wasting

RAS Pumps P-74600 18 m>/hr .
sludge and draining
the system

RAS Flow FIT-74674 0-25 m*/hr

Meter

UV System UV-91000 inline

4.4.1.1 - PERMEATE PUMPS

The Permeate Pumps (P-79000) are used to transport filtered water (permeate) from the
Membrane Tank (T-74000) through the Membrane Module (F-74000), through the Permeate
Flow Meter (FIT-79074), to the UV Disinfection system (UV-91000) and finally to the Permeate
Tank (T-79200). The pumps are equipped with VFDs so that they can control the flow rate of
membrane filtration. The speed of the permeate pumps is adjusted to achieve the desired
permeate flow rate.

The permeate pumps are also used to transport treated water back to the membranes during
CEB and CIP events by actuating valves on the permeate lines to change the direction of flow.

PRODUCTION AND STANDBY MODE

During PRODUCTION mode the Permeate Pump cycles between RUN and STOP to accommodate
the required “permeation” and “relax” steps. In normal operation the permeation step duration
is 7 minutes and the relax step duration is 1 minute. The status (Permeation/Relax/Standby) as
well as a timer showing the time left within a permeation or relax step will be displayed on the
HMI.
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During the permeation step, the PLC adjusts the Permeate Pump speed using a cascade PID loop
with the pump VFD and permeate flow meter to maintain the Membrane Tank Level Set-Point.

The Process goes in to STANDBY mode when the Membrane Tank — Lo Level Set-Point is
reached. This generally occurs where there is insufficient feed to the system. The process will
return to PRODUCTION when the Membrane Tank Level reaches the Membrane Tank Level Set-
Point.

TRANS-MEMBRANE PRESSURE (TMP)

The TMP is a measure of the degree of fouling that the membranes have experienced. It allows
monitoring of changes in membrane permeability as a function of time to provide information
on CEB and CIP performance and changes in feed water quality. The TMP is the change in
pressure across the membrane and is calculated based on the membrane feed-side hydrostatic
pressure minus the permeate-side pressure during permeation. It is calculated as the permeate-
side pressure minus the feed side pressure during backward flow.

TMP (kPa) = Feed Pressure — Permeate Pressure

and
TMP;gan (kPa) = Permeate Pressure — Feed Pressure
where,
Feed Pressure (kPa) = [Membrane Tank Level (m) — Midlevel of Membrane (m)] X %

and

Permeate Pressure (kPa)
= Permeate Pressure Reading (kPa)

+ {[Level of Pressure Transducer Installation (m)

9.807 kPa}

— Midlevel of Membrane (m)] X — 170

*note that the “Midlevel of Membrane” and “Level of Pressure Transducer Installation” values are measured from the bottom of the
membrane tank.

FLUX AND PERMEABILITY
The permeability is a calculated parameter that normalizes the TMP for different flow rates. The
flow rate per unit membrane area is called the “Membrane Flux” and it is calculated based on
the equation below:
L min
Flow Rate (—) X 60 (—)
min h
Membrane Area (m?)

L
Flux (M) or (Lmh) =
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The permeability is the flux divided by the TMP as given below:

Flux (Lmh)

Permeability (Lmh/bar) = TMP (kPa)

Finally, to ensure accurate monitoring of permeability, the calculated permeability should be
corrected for temperature. The following equation can be used to correct the permeability for
temperature:

Permeability,, . = Permeability . X 1.024T~20

where T = the measured temperature.

4.4.1.2 - RETURN ACTIVATED SLUDGE (RAS) PUMPS

The RAS pumps are used to return solids from the Membrane Tanks to the front end of the
Aerobic Tank. This ensures that the biomass separated from the liquid during membrane
filtration does not accumulate excessively within the Membrane Tank.

When the MBR train associated with a RAS Pump is in PRODUCTION mode or STANDBY mode,
the RAS Pump will RUN. The RAS Pump Flowrate is adjustable by manually throttling the RAS
Pump isolation valve.

4.4.1.3 - MEMBRANE AIR SCOUR BLOWERS

The Membrane Air Scour Blowers are used to scour the membranes and reduce sludge buildup
on the fibers. One blower is supplied per membrane tank. Under normal conditions, the
blowers will always be in RUN.

4.4.1.4 - ULTRAVIOLET SYSTEM

The UV disinfection system operates continuously in all modes other than OFF to provide
disinfection of permeate before it enters the Permeate Tank. The PLC has a counter that
totalizes the total time that the UV unit operates and provides an Alert when the bulb life nears
its expected design period. This warning occurs after 8,760 hours (1 year) of operation and the
bulbs should be replaced on an annual basis.

4.4.2 - MEMBRANE FILTRATION SYSTEM HMI INPUTS

HMI INPUT INITIAL VALUE
Production Mode: Permeate Cycle 7 minutes
Production Mode: Relax Cycle 1 minute
Membrane Tank Level Set-Point 1.90 m
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Membrane Tank Level LoLo Set-Point

1.70m

Membrane Tank Level Lo Set-Point

1.80m

Membrane Tank Level Hi Set-Point

2.00 m

Membrane Tank Level HiHi Set-Point

2.20m

TMP Hi Set-Point

30 kPa

TMP HiHi Set-Point

40 kPa

™ PCLEAN HiHi Set-Point

14 kPa

Permeate Pump Flow Rate Set-Point

4.5 m3/hr

Permeate Pump Flow Rate LoLo Set-
Point

1 m3/hr

RAS Pump Flow Rate LoLo Set-Point

9 m3/hr

Membrane Blower Flow Rate LoLo
Set-Point

150 Nm?/h

UV Intensity Lo

8.8 mW/cm~2

4.4.3 - MEMBRANE FILTRATION SYSTEM ALARMS

ALARM OR ALERT

DESCRIPTION

ACTION

Membrane Tank 1 Level LoLo

Indicates Membrane Tank 1
level has reached LolLo level Set-
Point

Alarm: “Membrane Tank 1
Level LoLo”

Train in STANDBY until
Membrane Tank 1 Level
reaches Set-Point. STOP RAS
Pump.

Membrane Tank 1 Level Lo

Indicates Membrane Tank 1
level has reached Lo level
Setpoint

System goes into STANDBY.

Membrane Tank 1 Level Hi

Indicates Membrane Tank 1
level has reached Hi level
Setpoint

Alert: “Membrane Tank 1
Level Hi”

Membrane Tank 1 Level HiHi

Indicates Membrane Tank 1
level has reached HiHi level Set-
Point

Alarm: “Membrane Tank 1
Level HiHi”
STOP EQ Pumps but continue
running system in
PRODUCTION until
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Membrane Tank 1 Level
reaches Set-Point. Note that
an emergency overflow is
installed on both membrane
tanks that will allow a
controlled overflow out of
the container in case of
emergencies.

Membrane Tank 1 Level Sensor
Fault

Occurs when level sensor
returns a non 4-20 mA signal

Alert: “Membrane Tank 1
Level Sensor Fault”
Permeate Pumps in both
trains operate off Membrane
Tank 2 Level Sensor; CEBs