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Introduction

Membrane technology has proven itself to be an effective method to remove heavy metals that are problematic to treat
with conventional lime precipitation. Because membrane technology is an absolute filter for most of multivalent heavy
metals, removal rates, > 99% can be achieved.

Two types of membrane technology have been selected for this project Ultrafiltration (UF) and Low Pressure and High
Pressure Reverse Osmosis (RO). The UF Membrane system will be used as pretreatment of the water as feed to the RO
membrane system.

The UF membrane system will comprise Hollow-Fibers with a nominal pore size of 0.04 microns. This system, operating
at a nominal pressure of 2-4 bar, will run with slight cross-flow for approximately 55 minutes and then backwashed for 5
minutes. The membranes will remove all suspended solids, bacteria, algae and soluble organic material > 50,000
molecular-weight and supply ultra clean feed to the RO system.

The Low Pressure RO system will use membrane with nominal pores sizes of 0.0005 microns. It will operate at 10-15 bar
pressure to separate the feed into a concentrate stream and a permeate stream. The concentrate flow rate will be
approximately 10-20% of the feed flow rate. With this very tight pore size, over 98.5% of salts and metal ions will be
rejected into the concentrate stream. The clean permeate stream will be suitable for direct surface discharge into the
Environment.

After 80-90% recovery the concentrate from this membrane system will be sent to a HDS (seeded reactor) to precipitate
calcium sulfate back to saturation, then the supernatant from HDS will be processed with another UF and high pressure
RO to achieve nominally achieve 1.25-2.5 m3/h (99% recovery) of concentrate at 100,000 to 120,000 ppm for disposal.

Membrane technology’s absolute barrier-layer provides an excellent removal of heavy metals and makes it very attractive
for meeting difficult discharge standards. To insure the quality one simply monitors the conductivity of the permeate
(clean water from the RO membranes); because the conductivity is monitored in real time, it allows the client to be
assured that the membranes and related components are functioning properly and producing high quality water to meet
stringent discharge standards.



Design Criteria

The water treatment plant has been designed based on the following criteria:
e Source of influent - Gold mine wastewater pH 7.5-8.0
e Influent flow-feed of nominal 150 to 300 m3/h to achieve 145-290 m3/h of permeate discharge water.

e Design water temperatures of 10° C.

Scope of Supply

Membrane Development Specialists will provide the following membrane process equipment for Dalradian Water
Treatment Plant. Feed Volume to Ultrafiltration 125 m3/hour from which it will produce 100-150 m3/h of clean UF
permeate which will become feed to the Reverse Osmosis process. The Low Pressure Reverse Osmosis Process will
operate at a nominal 75-85% recovery producing m3/h of clean permeate and 20-30 m®/h of concentrate. The
concentrate then goes to an H producing m? ion step followed by UF followed by a high pressure RO to reduce the
volume to brine concentrator to nominally 1.5-2.5 m®/h.

Total feed flow to 125 m3/h (design flow rates of 100-150 m3/h) as UF feed volume and a nominal 125 m®/h as RO feed
volume. These volumes the UF and the RO will be referred to as trains in remainder of this summary. The UF machine
and RO machine will each be containerized in 40 Foot (12.12 meter) containers. This arrangement means that 2
containers will contain the primary membrane processing equipment necessary to process 125 m3/h. We believe
containerizing both the UF and RO membrane skids is the most cost effective method to manufacture, deliver and
install on site.

From wastewater pond Dalradian will supply pressurized feed at a nominal 3-4 bar to a balance tank that feeds the UF
membrane skid. UF membranes have a nominal 0.04 micron pore size so all suspended solids, bacteria and organic
matter >50,000 molecular weight will be rejected back to front of the process. The backwash and blow-down from UF
will be approximately 5-10% of the feed volume and be returned to pond. Hence, the UF membrane process train will
continuously produce a nominal 25 m3/h of feed to the RO train.

From UF process it’s permeate will go to individual balance tank large 50 m® from which it will be pumped to the RO
train. The percent recovery as permeate is 80-86% (conversion to clean water). The RO train produces 90-95 m®/h of
permeate, this water will be suitable for either discharge or blending for discharge. Some permeate will be stored in a
25 m? tank for flushing, emergency shutdowns and cleaning purposes. The RO concentrate will go to a HDS clarifier
system and the supernatant from this process will be feed to another UF (to remove colloids from HDS) then to an
Ultra-High Pressure RO system with a feed volume 20-25 m3/h. This system will produce 22.5-23.5 m3/h of permeate
and 1.5-2.5 m3/h of concentrate which will be a waste stream.

Both UF and RO process machines will have an independent semi-automatic clean in place devices to efficiently and
effectively clean each stage of each UF and RO machine. Independent designated Clean in Place systems are necessary
because of the different cleaning chemistries and procedures for the UF and RO machines. The Clean in Place skids will
have chemical mixers and heating elements.



Includes:
e 2 UF systems, with Back-wash, pre-filtration and CIP skids
e 2 RO systems two Pass, CIP, Pre-filter and Transfer Pump Skids
e 1 HDS Clarifier Package System with Filter Press Wesco or equivalent
e 1 UF Post Clarifier
e 1 High Pressure Concentrator RO
e ALL skids are individually pre-piped and pre-wired
e Crystallizer
Excludes:

Labor for Wiring between Skids—minimal because of containerization
Labor for Piping between Skids—minimal because of containerization
Wiring to MCC

Interfacing PLC from Membrane Skids to Plant SCADA

Feed, Concentrate and Permeate Tanks

6 Bar Dry Air Supply

Suggested Tank Sizes for Membrane Processes

e One process tank for 60 m? as feed tank to the RO skid,
e One permeate tank with 25 m? capacity,

e Reinforced concrete base for weight of full tanks, including secondary containment for said volume with a
drain.
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Typical RO Container

Typical UF Container
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General Description 1.5-2.5 m3/h Capacity Brine Crystallizer PED
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MEMBRANE DE

Expected Permeate Quality

Expected Permeate

Parameter Quality (mg/L)
Alkalinity <5
Aluminium <0.1
Ammonia as NH4 <0.09
Antimony <0.002
Arsenic <0.0010
Barium <0.016
Beryllium <0.0006
BOD <1.5
Boron <0.009
Cadmium <0.000036
Calcium <11
Chloride <10
Chromium (Il + V1) <0.001
Chromium 1l <0.001
Chromium VI <0.002
Cobalt <0.0001
COD <65
Copper <0.001
Cyanide (Free) <0.0018
Cyanide (Total) <0.0036
EC <122
EPH (C8-C40) <0.01
Fluorine <0.036
Iron <0.2
Lead <0.000048
Magnesium <1.8
Manganese <0.05
Mercury <0.00001
Molybdenuum <0.0002
Nickel <0.00036
Nitrate as N <0.18
Nitrite <0.007
Phosphate <0.072
Potassium <1.14
Selenium <0.0001
Silver <0.0005
Sodium <5
Strontium <0.001
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Expected Permeate

Parameter Quality (mg/L)
Sulphate <0.80
TDS <114
Tellurium <0.006
Thorium <0.0010
Tin <0.006
Titanium <0.006
Total Organic
Carbon <24
TSS <1
Uranium <0.006
Vanadium <0.0007
Zinc <0.0051




Description of UF, RO, Seeded Reactor and Concentrator UF and RO Membrane Processes

e A four-step membrane process, Primary UF & RO with permeate polishing RO, Seeded Reactor and
Concentrator UF & RO, has been designed to treat the Dalradian mine water. The UF process will remove all
suspended solids, bacteria, algae and some soluble organic species so as not to foul the more sensitive RO
membrane. The 2 pass RO process will remove soluble salts and metals and produce permeate that will meet
the discharge quality standards.

e All UF skids will be used to produce suspended free water to fill the RO feed tanks and the UF skids will be
PLC controlled and have a 100 micron back-washable screen in front of it as pretreatment.

e The UF membrane is a polymeric hollow fiber with a nominal pore size of 0.04 microns. These membranes
have a low pH tolerance of 1 and a high pH tolerance of 12.

e The UF skids will use a common backwash system and clean-in-place (CIP) system
e UF skids, backwash and CIP systems will be shipped in standard containers

e UF turn down capacity is 75%, which is achieved by running the system at lower pressure and flux. The system
will still produce high quality feed to the RO systems.

e RO skids will each produce 125 m3/h of permeate. The 2" pass RO will be further polish the first pass
permeate and produce 125-145 m3/hour of permeate at 10°C. The Low Pressure RO membranes will be thin-
film-composite polyamide membranes with a low pH tolerance of 1 and a high pH tolerance of 12 with a
nominal pore size of 0.0005 microns

® Each system will have a pretreatment train consisting of 1 micron bag filters and independent pump skid to
deliver UF permeate water to each RO system.

® All Primary RO systems will share a common CIP system that allows for bank by bank cleaning

® With the high quality of the UF permeate (filtrate) and the use of variable frequency drives; the RO turn down
capacity will be 75% of the designed feed volume to provide operational flexibility.

® The Primary RO (RO-1) concentrate 10-20 m3/h will go to a Seeded Reactor (HDS) to reduce the calcium
sulfate back to saturation. The supernatant from HDS will go to a 100 micron backwash screen, then UF and
finally a 100 bar high pressure RO for another 85% recovery producing 1.5-2.5 m®/h as feed to the Brine
Crystallizer.

® Brine Crystallizer will produce about 2.35 m3/h of distillate and 0.10 m3/h of solids

Turbidity meters are included at inlet to the UF, inlet to the RO and concentrate of RO process to monitor and control
all phases of these process steps. It is noted that chlorine will be used at the UF process for sanitation purposes.

Capacity Expansion of UF RO Membrane Processes

Because the membrane trains are containerized and utilize a modular design water plant capacity may be expanded
easily should the need arise in the future.

e 150 m?/h trains of UF and RO capacity could be easily incorporated into existing design
e Existing backwash and CIP systems would be sufficient to accommodate the UF and RO expansion.



Power Installed Requirements

e All motors are 50 Hz

Power Consumption includes: 2 trains of UF & 2 trains of Low Press RO, 1UF & High Pressure RO train and
Brine Crystallizer

UF Low Pressure Skids 10 kW motor (WEG)

2-RO Low Pressure Skids 100 kW motors (WEG) per train 100 kW Total

RO Concentrator 75 kW motor (WEG)

Primary Transfer/Charge pumps from RO Feed Tank 5 kW motor

Concentrator Transfer/Charge pump from UF Feed Tank 5 kW motor

RO Permeate flush motors 2.5 kW and 2.5 kW equals 5.0 kW

Primary CIP Pump on RO 5 kW and Concentrator 5 kW equals 10 kW

Primary CIP Pump on UF 5 kW, RO 5 kW and Concentrator 5 kW equals 15 kW
Backwash Pump on UF 15 kW equals a total of 15 kW use only 10 minutes per hour
Brine Crystallizer 100 kW

Total Power 340 kW (operating Load) (installed Load 450 kW)

Water Requirements

e 2 m3/h, primarily for start-up and commissioning
e UF and RO systems will make high quality water for cleaning and back-washing during normal operation.

Sizes for Piping To and From Battery Limits

e 500 mm influent line
e 500 mm UF backwash and CIP systems discharge 200 mm line for RO permeate
e 200 mm line for RO concentrate



Primary RO Equipment

SPECIFICATION
CONTAINERIZED TWO PASS LOW PRESSURE REVERSE OSMOSIS MACHINE

Quantity: 2 Trains of RO Skids 4 RO systems
Capacity: 150 m3/h
Total Capacity: 300 mé/h

Performance: For one (of 2) RO Skid

Design Permeate Flow Rate: 125 m3/h
Feed Capacity: 100-150 mé/h
Concentrate Capacity: 20-30 m%/h
Anticipated Recovery: 85-90%
Design Permeate Flow 10°C: 100 mé/h
Design Temperature: 10°C
Control:
Control Cabinet: NEMA 4

C/W:

RO I/0:

Display:

Local Panel Connection:
Flow Meters:

Location:

Manufacturer:

Pressure Transmitters:
Location:

Manufacturer:
Conductivity Meters:
Location:

Manufacturer:

pH Meter:

pH Meter Location:
Manufacturer:
Temperature Transmitter:

Temperature Transmitter Location:

Manufacturer:
Pressure Indicators:

PLC, Allen Bradley Control Logix

Allen Bradley Flex 170

Local HMI

Locally Mounted Panel Adaptor

Two (2) on RO Skid

Permeate, and Concentrate

Signet

Four (4) on RO Skid

Process Feed, Concentrate Inter-stage, Permeate and Concentrate
Wika

Three (1) on RO Skid

Process Inlet, Permeate and Concentrate
Signet

One (1) on RO Skid

Process Inlet

Signet

One (1) on RO Skid

Process Inlet

Wika

Five (5) on RO Skid

Pressure Indicator Location:

Pressure Indicator Manufacturer:
Pressure Switch(s):

Pressure Switch Location:
Pressure Switch Manufacturer:

One (1) Pre-filter with range of 0 - 6 Bar

One (1) Post-filter with range of 0 - 6 Bar

One (1) Feed pump discharge with range of 0 - 60 Bar

One (1) Inter-stage with range of 0 - 60 Bar

One (1) Permeate with range of 0 - 4 Bar

One (1) Concentrate with range of 0 -60 Bar

Wika

Three (3)

One (1) Pump inlet, One (1) Pump discharge, One (1) Permeate
Barksdale



Alarms:

Materials of Construction:

Low pump inlet pressure

High pump discharge pressure
High permeate conductivity
High permeate pressure

High conductivity

Piping Material (Low Pressure):
Piping Material (High Pressure):
Frame Material:

Frame Painting:

Clamps / Fittings:

RO Feed Tank Feed:

PVC, SCH.80

Stainless steel 316

Carbon steel enamel coated
Epoxy

Zinc coated

Instrumentation*:
Instrumentation Manufacturer:

pH, Pressure, Level and Flow
Signet, Flowline

*All instrumentation will be supplied loose for field mounting, by others.

RO Feed Pump:

Quantity:

Manufacturer:

Wetted Material:

Power Required:

Motor Enclosure:

Design Flow Rate:

Design Pump Boost Discharge Pressure:
Required Pump Inlet Pressure:
Power Supply:

Pressure Indicators:

Pressure Indicator Location:
Instrumentation:

Instrumentation Manufacturer Transmitters

Chemical Feeds:

One (1) on each skid (total of 4)
Grunfos Equivalent

Stainless Steel 316

75 kW with VFD

TEFC

125 mé/h

20 Bar

6 Bar, Minimum Separate 10 kW pump
380VAC, 3%, 50Hz

One (1)

Wika or Barrick Standard

Discharge Pressure Transmitter
Discharge Temperature Transmitters
Feed Tank Level Transmitter

by Wika, Level Transmitter by Flowline

Quantity:

Chemical Feed:

Metering pump maximum capacity:
Outlet pressure:

Head material:

Tank capacity:

Tank material:

Tank accessory:

Power supply:

Two (2)
Antiscalant

25 LPH

4 Bar

CPVC

400 Liters
HDPE

Level switch
220V, 19, 50Hz



Cartridge/Bag Filtration:

Quantity:

Housing material:
Cartridge/Bag filter:
Manufacturer:

Two (2) Per Skid*
Stainless steel

1 micron, nominal
GE

* Two filters, each rated for a nominal flow of 150 m3/h each, will be provided. The design of the system
thus allows for two units to be in operation while one unit is either being changed or in standby.

Membrane Elements:

Quantity: 96 pc(s)
Manufacturer: MDS Med.Pressure RO 40 Bar

Model: 8040 Polyamide

Average membrane flux: 15-20 LMH
Membrane Housing (Per Skid):

Quantity: 18

Housing material and diameter: FRP 8-inch (20 cm)

Housing type: Side port

Housing rated pressure: 40 bar

Housing closure type:
Banking Arrangement: Pressure

Ring and plate
Array #1: 9 Vessels

Array #2: 6 Vessels
Array #3: 3 Vessels
Chemical Feeds (3 Per Skid):

Outlet Pressure: 4 Bar

Head Material: CpPVC

Tank capacity: 100 Liters
Tank material: HDPE

Tank accessory: Level switch

Power supply: 220V, 1, 50Hz

Installation and Utility Requirements:

Inlet: 500 mm Flange
Permeate: 500 mm Flange
Concentrate 100 mm Flange

Concentrate Diverting/Flushing/CIP Outlet: 500 mm Flange
Flushing/CIP Inlet: 500 mm Flange
Inlet water pressure: 4 bar

Air pressure needed: 5 to 6 bar, oil free
Drainage to be sized for: 150 m3/h

Power supply: 380VAC, 39, 50Hz
Control circuit: 220VAC, 19, 50Hz

Features:

Permeate flushing: 100% permeate flushing

(from permeate storage tank supplied by others)




Description of General Scope of Supply for Primary UF

GENERAL SPECIFICATION
CONTAINERIZED ULTRAFILTRATION MACHINES
UF-1

Quantity: 2 Skids
Capacity: 150 m3/h
Total capacity: 300 mé/h

Performance: per one (150 m3/h) skid

Design UF product flow rate: 150 m3/h

UF Feed Capacity: 125-200 m3/h

Concentrate Capacity: 10-20 m3/h

Recovery: 90+% (100% for process)

Design Temperature: 10°C

Control:

Control Cabinet: NEMA 4

C/W: PLC, Allen Bradley Control Logix

UF I/0: Allen Bradley Flex 170

Display: Local HMI

Local Panel Connection: Locally Mounted Panel Adaptor

Flow Meters: Three (3) per UF Skid

Location: Process Feed, Permeate, and Concentrate

Manufacturer: Signet

Pressure Transmitters: One (1) per UF Skid

Location: Process Feed

Manufacturer: Wika

Turbidity Meters: One (1) Per UF Skid

Location: Permeate

Manufacturer: Hach

Misc. Instrumentation Included: Common UF Filtrate Flow Meter,

Pressure Indicators: Five (5) Per Skid

Pressure Indicator Location: Module Process Inlet, Process Outlet, Permeate Outlet, Inlet Header
and Discharge Header

Panel Misc. Equipment: 24v Power Supply and Ethernet Switch

Materials of Construction:

Piping: PVC

Frame: Carbon steel coated, blue
Enclosure: NEMA 4, beige texture
Clamps/Fittings: Zinc Coated

UF Feed Tank Feed:

Instrumentation®*: pH, Conductivity and Flow
Instrumentation Manufacturer: Signet

*All instrumentation will be supplied loose for field mounting, by others.

UF Feed Pump(s)



Quantity:

Type:

Manufacturer:

Motor:

Wetted Material:

Pressure Indicators:

Pressure Indicator Location:
Pressure Indicator Manufacturer:
Instrumentation:

Instrumentation Manufacturer:

UF Modules:

One (1)

Multi-Stage

Grunfos

5 kW WEG Motor
Stainless Steel

One (1)

Pump Discharge

Wika or Barrick Standard

Discharge Pressure Transmitter, Discharge Temperature Transmitters,
Feed Tank Level Transmitter
Transmitters by Wika, Level Transmitter by Flowline

Quantity of elements:
Type:

Material:

Manufacturer:

MWCO:

Housing material:
Average Membrane flux:

Installation and Utility Requirements:

60 elements

Hollow fiber
Polymeric

OAP

50,000 (0.04 micron)
PVC

31.6 I/m?/h

Inlet:

Product:

Concentrate:

Backwash Inlet:
Backwash/Flushing Outlet:

CIP return:

Inlet Water Pressure:

Air Pressure (for automatic valve):

Drain to be sized (for backwash step):

Power supply:
Control Circuit:

UF Backwash Pumps:

500 mm Flange connection
500 mm Flange connection
150 mm Flange connection
250 mm Flange connection
250 mm Flange connection
250 mm Flange connection
2 bar, minimum

7 bar, oil free

150 M3/H

380 VAC, 39, 50Hz

220 VAC, 1, 50Hz

Quantity:

Pump Manufacturer:
Pump Wetted Parts:
Power required:

One (1)
Grundfos
Stainless Steel

5 kW Weg Motor

Enclosure: TEFC
Instrumentation:
Pressure Indicator: One (1)

Pressure Indicator Location:
Pressure Indicator Manufacturer:
Flow Meter:

Flow Meter Location:

Flow Meter Manufacturer:

Backwash Pump Discharge
Wika or Barrick Standard
One (1)

Backwash Pump Discharge
Signet

Chemical feeder for Bisulfite and Chlorine injection during backwash:



Quantity: Four (4)

Chemical Feed: Bisulfite and Chlorine
Metering pump maximum capacity: 10 LPH

Outlet pressure: 4 Bar

Head material: CPVC

Tank capacity: 400 Liters

Tank material: HDPE

Tank accessory: Level switch

Power supply: 220V, 19, 50Hz

Chemical feeder for Biocide injection during backwash:

Quantity: One (1)
Chemical Feed: Biocide
Metering pump maximum capacity: 10 LPH

Outlet pressure: 4 Bar

Head material: CPVC

Tank capacity: 400 Liters

Tank material: HDPE

Tank accessory: Level switch
Power supply: 220V, 1, 50Hz

CIP and Backwash Installation and Utility Requirements:

Influent (from UF permeate tank or CIP tank): 150 mm Flange connection
Effluent (To (2) UF machines): 300 mm Flange connection
Power supply: 380VAC, 39, 50Hz

Control Circuit: 220VAC, 19, 50Hz



SKID MOUNTED AUTOMATIC DISC FILTER SYSTEM

(UF#1)

Quantity: 2 Skid

Capacity: 200-400 m3/h
Total capacity: 200-400 m3/h
Performance:
Capacity: 200 mé/h
Recovery: 100%
Design Temperature: 10°C-15°C
Instrumentation (Per Skid):
Pressure Indicator(s): One (1)

Pressure Indicator(s) Location:

Differential Pressure Switch:

Differential Pressure Switch Location:

Disc Filter:

Filter Inlet, Filter Outlet

One (1)
Filter Inlet/Outlet

Quantity of filter:
Manufacturer:

Type:

Material of element:
Micron Rating:
Housing material:

Installation and Utility Requirements:

2 pcs
Arkal
Black Disc
PP

100 micron
HDPE

Inlet:

Outlet:

Drain:

Inlet Water Pressure:

Drain to be sized (for backwash step):

500 mm Flange
500 mm Flange
500 mm Flange
6 bar, minimum
100 M3/H



Concentrator RO Equipment

SPECIFICATION
CONTAINERIZED HIGH PRESSURE REVERSE OSMOSIS MACHINE
(RO Ultra High HP)

Quantity: 1 Skid
Capacity: 20-30 m%/h
Total Capacity: 20-30 m%/h

Performance: Of Conc RO Skid

Design Permeate Flow Rate: 18-27 m3/h
Feed Capacity: 20-30 m%/h
Concentrate Capacity: 1.5-2.5 m¥/h
Anticipated Recovery: 90-92%
Design Permeate Flow 10°C: 18-27 mé/h
Design Temperature: 10°C
Control:
Control Cabinet: NEMA 4

C/W:

RO I/0:

Display:

Local Panel Connection:
Flow Meters:

Location:

Manufacturer:

Pressure Transmitters:
Location:

Manufacturer:
Conductivity Meters:
Location:

Manufacturer:

pH Meter:

pH Meter Location:
Manufacturer:
Temperature Transmitter:

Temperature Transmitter Location:

Manufacturer:
Pressure Indicators:

PLC, Allen Bradley Control Logix

Allen Bradley Flex 170

Local HMI

Locally Mounted Panel Adaptor

Two (2) on RO Skid

Permeate, and Concentrate

Signet

Four (4) on RO Skid

Process Feed, Concentrate Inter-stage, Permeate and Concentrate
Wika

Three (1) on RO Skid

Process Inlet, Permeate and Concentrate
Signet

One (1) on RO Skid

Process Inlet

Signet

One (1) on RO Skid

Process Inlet

Wika

Five (5) on RO Skid

Pressure Indicator Location:

Pressure Indicator Manufacturer:
Pressure Switch(s):

Pressure Switch Location:
Pressure Switch Manufacturer:

One (1) Pre-filter with range of 0 - 6 Bar

One (1) Post-filter with range of 0 - 6 Bar

One (1) Feed pump discharge with range of 0 - 120 Bar

One (1) Inter-stage with range of 0 - 120 Bar

One (1) Permeate with range of 0 - 4 Bar

One (1) Concentrate with range of 0 -1200 Bar

Wika

Three (3)

One (1) Pump inlet, One (1) Pump discharge, One (1) Permeate
Barksdale



Alarms:

Materials of Construction:

Low pump inlet pressure

High pump discharge pressure
High permeate conductivity
High permeate pressure

High conductivity

Piping Material (Low Pressure):
Piping Material (High Pressure):
Frame Material:

Frame Painting:

Clamps / Fittings:

RO Feed Tank Feed:

PVC, SCH.80

Stainless steel 316

Carbon steel enamel coated
Epoxy

Zinc coated

Instrumentation*:
Instrumentation Manufacturer:

pH, Pressure, Level and Flow
Signet, Flowline

*All instrumentation will be supplied loose for field mounting, by others.

RO Feed Pump:

Quantity:

Manufacturer:

Wetted Material:

Power Required:

Motor Enclosure:

Design Flow Rate:

Design Pump Boost Discharge Pressure:
Required Pump Inlet Pressure:
Power Supply:

Pressure Indicators:

Pressure Indicator Location:
Instrumentation:

Instrumentation Manufacturer Transmitters

Chemical Feeds:

One (1)

Fedco or Equivalent

Stainless Steel 316

50 kW with VFD

TEFC

20-30 mé/h

100 Bar

4 Bar, Minimum

380VAC, 3, 50Hz

One (1)

Wika or Barrick Standard

Discharge Pressure Transmitter
Discharge Temperature Transmitters
Feed Tank Level Transmitter

by Wika, Level Transmitter by Flowline

Quantity:

Chemical Feed:

Metering pump maximum capacity:
Outlet pressure:

Head material:

Tank capacity:

Tank material:

Tank accessory:

Power supply:

Two (2)
Antiscalant

25 LPH

4 Bar

CPVC

400 Liters
HDPE

Level switch
220V, 19, 50Hz



Cartridge/Bag Filtration:

Quantity: Two (2) Per Skid*
Housing material: Stainless steel
Cartridge/Bag filter: 1 micron, nominal
Manufacturer: GE

* Two filters, each rated for a nominal flow of 25 m3/h each, will be provided. The design of the system
thus allows for two units to be in operation while one unit is either being changed or in standby.

Membrane Elements:

Quantity: 30 pc(s)

Manufacturer: MDS High Pressure RO 100 Bar
Model: 8040 Polyamide

Average membrane flux: 15-20 LMH

Membrane Housing (Per Skid):

Quantity: 3

Housing material and diameter: FRP 8-inch (20 cm)
Housing type: Side port

Housing rated pressure: 100 bar

Housing closure type: Ring and plate

Banking Arrangement: Ultra-High Pressure Array #1: 2 Vessels
Array #2: 1 Vessels
Array #2 Option from NF Membranes to fractionate Sulfates from Chlorides—if necessary

Chemical Feeds (Per Skid):

Outlet Pressure: 4 Bar

Head Material: CPVC

Tank capacity: 100 Liters

Tank material: HDPE

Tank accessory: Level switch
Power supply: 220V, 1, 50Hz

Installation and Utility Requirements:

Inlet: 250 mm Flange

Permeate: 250 mm Flange

Concentrate 50 mm Flange

Concentrate Diverting/Flushing/CIP Outlet: 250 mm Flange

Flushing/CIP Inlet: 250 mm Flange

Inlet water pressure: 4 bar

Air pressure needed: 5 to 6 bar, oil free from MDS

Drainage to be sized for: 40 mé/h

Power supply: 380VAC, 39, 50Hz

Control circuit: 220VAC, 19, 50Hz
Features:

Permeate flushing: 100% permeate flushing

(from permeate storage tank supplied by others)



MEMBRANE DEVELOP

RO Permeate Discharge Pump(s):

Quantity:
Manufacturer:
Wetted Material:
Power required:
Motor enclosure:
Design flow rate:

Design pump boost discharge pressure:

Required pump inlet pressure:
Power supply:

Pressure Indicators:

Pressure Indicator Location:

One (1)

Grundfos

Stainless Steel 316
15 kW

TEFC

150 m3/h

3 Bar

1 Bar, minimum
380 VAC, 3, 50Hz
One (1)

Pump Discharge



SEMI-AUTOMATIC CLEAN-IN-PLACE / BACKWASH - SCOPE OF SUPPLY

General:

Quantity: One (1) Ultra-Filtration
One (1) Reverse Osmosis

CIP Pump:

Manufacturer: Grundfos /Weg Motors

Material: Stainless Steel 316

Power required: 10 kW

Tank:

Tank Size: 20 m3

Material: Cone bottom, Closed Top

CIP Cartridge Filtration (per system):

Quantity: Two (2)

Housing material: Stainless steel
Cartridge or Bag filter: 5 micron, nominal
Manufacturer: GE

Instrumentation (per system):

Instrumentation: Temperature, Pressure, Level and Flow
Instrumentation Manufacturer: Signet, Flowline and Wika
Note: All chemicals required for system operation should be purchase at applied strength. Clean-In-Place skids

will have chemical mixers and heating elements that facilitate rapid cleaning procedures with a minimum
of down-time.

Scope of Supply Includes:

One (2) Complete UF system, with Back-wash, prefiltration and CIP skid
Two (2) Complete RO systems, CIP, Pre-filter, Transfer (feed) Pumps
One (1) Complete 5-10 m3/h UF & RO Concentrator Train

One (1) lon Exchange and/or 3™ pass RO system

One (1) (5-10) m3/h HDS and Filter Press

Crystallizer 1.5 m3/h

Total Containers: Four (4) Membrane, and One (1) CIP skids are individually (internally) pre-piped and pre-
wired ready to be field wired to a terminal point and piped to existing flanges

Excludes:

Labor and materials for wiring from MCC, to and between Skids (MDS provide harnesses to bring wires into)
Labor and HDPE materials for Piping between Skids

Piping Design for Installation of HDPE pipe within our boundary limits

MCC and Wiring to MCC

Interfacing PLC from Membrane Skids to Plant SCADA

UF and RO Feed, Concentrate and Permeate Tanks

Air compressor or we can add electric valves to systems on a cost plus basis

Civil Engineering for Container Placement, HDS, Filter Press and Crystallizer

Suggested Tank Sizes for Membrane Processes:




MEMBRANE DEVELOPMENT SPECIALISTS (MDS)

One (1) Process Feed tank for 60 m® as feed tank to the RO skid
One (1) Permeate tank with 50m? capacity

One (1) Feed Tank for UF 50 m®

One (1) Concentrator UF feed tank 10 m®

One (1) Concentrator RO feed tank 10 m®

Reinforced concrete base for weight of full tanks, including secondary containment for said volume with a
drain




Cost Estimated Engineered Membrane Systems, HDS and Brine Crystallizer Equipment as Described:

e Containerized Membrane Systems, HDS, Crystallizer and Spare Parts

Low Pressure UF and RO Systems

High Pressure Concentrator UF and RO System at 1500 psi

HDS and Filter Press

Spare Parts Overview: 48 Low Pressure RO elements and 21 High Pressure RO elements, Low and High

Pressure Vessel End Caps, Back-up Dosing Pumps, Miscellaneous Instrument, Valve and Electrical

components

e Brine Crystallizer 1.5-2.5 m3/h $1,950,000 From Europe at Cost (alternative Drum Dryer $500,000 as an
estimated cost)

e Total $8,555,000.00 USD FOB Escondido, CA +/-15% (based on Dalradian’s needs)

(el eNoNe]

Sales Terms:

35% upon placement of Purchase Order

45% upon acceptance and sign off for construction drawings
15% upon inspection of equipment

5% prior to delivery

Delivery:
18 Weeks from approval of drawings for construction

On Shore Contract:
Installation should be accelerated because of the modular-containerized design.

Supervision of installation by MDS personnel will be at a rate of $2000.00 USD per day inclusive (meals/room are
included) plus travel in country vehicle rental expenses. An estimation for this task would be the equivalent of 4
persons for 60 days.

MDS will daily monitor data from the process as part of the monthly $15,000.00 per month for expert data analyses and
supervisory fees.

Summary:
MDS has 32 years of experience with these types of projects. The project management and process design team are

experienced membrane process personnel that have designed and built equipment supplied worldwide. MDS and
affiliated subcontracting companies have over 120 years of membrane process experience. We have designed, built and
installed waste water systems for many industries in addition to the mining industry worldwide.

Some recent specific examples of the size and scope of work the team has completed for the mining industry are
barren gold waste waters for Newmont’s Yanacocha 4000 m3/h and Waihi Gold 250 m3/h and ARD water for Cobre Las
Cruces Spain with a volume of 750 m3/h. A 250 m3/h low pH ARD water for Zijin Mining in China. Barrick Lagunas Norte
and Pierinas 1000 m3/h. All these membrane plants produce permeate water that is directly discharged into the
environment.

Best regards,
Larry Lien

Managing Director
Membrane Development Specialists LLC



ADDENDUM 1

OPEX Estimates
The OPEX has been estimated for chemicals, membranes and power. The water treatment process needs very little

attention and the labor cost associated with periodic inspections and maintenance. Typically these tasks are added to
existing water treatment plant personnel.

Includes:
® All chemicals - lime, chlorine, citric, antiscalant
® Electricity $0.010 per kWh

® Membrane life of five (5) years for UF membranes and three (3) years for RO membranes. The estimated life of
RO membranes is longer than normal due to the high quality of water produced by the 0.04p pore size UF
membrane.

Estimated OPEX for UF, RO Membrane Systems & HDS

Cost per M3:  $0.2050

Power @ $0.10 kWh:  $0.1200
Chemicals (HDS) + Antiscalant:  $0.0139
UF Membranes @ 5 years:  $0.0288

RO Membranes @ 3 years:  $0.0600
Cartridge Filters:  $0.0005

Chemical Cleaners:  $0.0004

Man Power:  $0.0024

Total: $0.2270 per M3

Estimated Cost for Brine Crystallizer

Power @ $0.10 kWh:  $2.60 per M3



Reference List of Membrane Installations and Experiences of MDS:

Phelps-Dodge (Freeport-McMoran) El Paso Texas, 40 m3/h, on line since 1992 MDS Acid Purification with NF and
Concentration with RO Zero Liquid Discharge

Sun Metals Zinc Refinery - 250 m3/h NF and RO process Townsville, Australia 1999, post physical chemical high pH
MDS Zero Liquid Discharge

Korea Zinc Refinery - 200 m3/h NF followed by RO Pusong, Korea 2001, post physical chemical MDS

Newmont Waihi Gold - 250 m3/h with MDS with Harrison Western Process Technologies (HWPT), 2008, post
physical chemical high pH

Asarco Refinery, Denver, Colorado - 20 m3/h, MDS Membranes and HWPT 1995, post physical chemical
Yanacocha Gold Mine Barren Leach - 3500 m3/h, MDS with HWPT first system installed in 2003
Phelps-Dodge (Freeport-McMoran) Tucson, Arizona - 150 m3/h, ARD (acid-rock-drainage) 2003 MDS
Cananea de Mexicana - 2000 m3/h, ARD MDS Membranes - HWPT 1997

Kennecott Copper (Rio Tinto) - 500 m3/h, ARD MDS Membranes- HWPT 1998

Zijin Copper 250 m3/h ARD (acid rock drainage) Xiamen China 2009 MDS

Seawater Plant Chennai, India Consultant - 6250 m3/h Hollow Fiber Pretreatment to SWRO 2013

Cobre Las Crucas Sevilla, Spain - 600 m3/h, ARD MDS with Spanish partner MP from Sevilla, Spain Zero Liquid
Discharge 2011

Barrick Gold Mine Barren Gold Mine Barren-Lagunas Norte and Pierina, Peru - 910 m3/h, barren leach post physical
chemical treatment installation 2015

Design and Element supply for a 400 m3/h wastewater system in Ghana Africa 2016

Peak Energy Produced Water 500 barrels/day 2015 to Present

SRG 2200 MW ZLD Power Station Gila Bend, AZ Cooling Tower Blow-down 150 m3/h 2018 to Present
Rincon Lithium Argentina 10,000 m3/d 2019
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