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Thank you.  My name is Tom Higgs I’m a process engineering with AMEC in Vancouver formerly Agra Simons, formerly HA Simons 
This is the second presentation on about a month that owe my presence to Bill Price.  Bill I’m going to stop answering the phone.  Just kidding Bill I’m actually delighted to be here giving a presentation on water treatment at Britannia.  A project I first worked I believe it was on in 1989. What I’m going to try present is information the design work that’s currently underway for installation on an HDS plant at Britannia.  A project that many may in this room have worked on. 



Steps in Design 

• Process Selection    
• Pilot Plant Studies  
• Set Flowrates   
• Design Criteria  
• Plant Site Selection  
• Sludge Characterization  
• Sludge Disposal Options  
• Discharge Water Quality 
• Operating Strategy 
• Feasibility Study 
• Trade Off Studies/Opportunities 
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To set the  stage for my talk this is a list of the steps involved in the design process. Process Selection  - LDS vs HDS – not much of a choice here due to sludge disposal issues and need to provide high quality effluent – a number of projects have been conducted in metal recovery but at this point economics may be limiting     
Pilot Plant Studies – at the start of the project prior to AMEC’s involvement an extensive pilot plant study was conducted by CEMI (Canadian Environmental and Metallurgical Inc) from Vamcouver to evaluate the HDS process and provide design information   
The next  step involved setting Design Criteria  - flows by SRK/Golder and the Province with lime consumption and sludge generation rates from a combination of the pilot plant work, and calcuiation 
Next Plant Site Selection was an issue which I present later 
In parallel work was conducted on Sludge Characterization and Disposal to feed into the feasibility 
Discharge Water Quality derived from a combination of the pilot plant results and some conservativism added from  operating experience 
Selection an an overall Operating Strategy for the palnt was essential for the design, items included in cateqory included level of automation, degree of redundancy and back-up in the mechanical equipment, approach to dealing with upset conditions
This work lead into the feasibility study which has recently been issued in draft form. This report presents the design and estimates the capital and operating costs for the proposed WTP  r  
Finally there a number of trade–off studies  bring conducted – continuing work on sludge disposal and upgrade/replacement of the outfall – potentially other oportunities outlined in the feasibility study could be pursued prior to the detailed design stage.  




Parameter Unit Design Value  

Aluminum  mg/L Al  59  

Cadmium  mg/L Cd  0.13  

Copper  mg/L Cu 55  

Iron  mg/L Fe 40  

Manganese  mg/L Mn  10  

Zinc  mg/L Zn  29  

Sulphate (design)  mg/L SO4  2,200  

Sulphate (average)  mg/L SO4  1,710  

Feed Chemistry 
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The water treatment plant feed contains major amounts of copper (Cu), zinc (Zn), aluminum (Al), manganese (Mn) and sulphate (SO4), as well as minor concentrations of cadmium (Cd) and other metals.  The feed could be classified as a fairly typical, low to medium strength, acid rock drainage (ARD). The strength and characteristics of the feed will vary on a seasonal basis and according to how mine storage is managed.  
· Feed pH will be in the acid range and will typically vary between 3.0 and 4.0.  Lime addition will neutralize this acid and increase pH into the alkaline range between 9.0 and 9.5. 
·Iron (Fe) will be present in the feed as both ferric iron in the particulate form and ferrous iron in solution.  Ferric iron will precipitate in the sludge as ferric hydroxide while ferrous iron in the feed will first be oxidized to the ferric state and then precipitated as ferric hydroxide.  Recycling of the ferric hydroxide in the HDS sludge will convert the amorphous ferric hydroxide initially formed, into a more granular ferrihydrite type material, that can achieve high densities, have excellent settling characteristics and be free-draining.  The presence of iron in the feed assists overall HDS plant performance. 
· Manganese (Mn) will be present in the feed in the reduced form as manganous ion and can be oxidized in an HDS system to form granular MnO2, as long as the correct pH is used and the sludge contains sufficient manganese dioxide to catalyze the oxidation.  If the feed does not contain sufficient Mn to generate the critical amount of MnO2 in the sludge to carry out the oxidation reaction, the Mn will precipitate as manganous hydroxide (Mn(OH)2).  
The concentration of sulphate in the feed could be variable, depending on the season and how mine storage is managed.  At the design feed characteristics, the concentration of sulphate will be high enough to result in the precipitation of gypsum in the sludge.  Sludge recycle tends to increase the granularity of gypsum-based sludges in an HDS system, which tends to improve sludge density and drainage characteristics and in turn assists in the removal of other metals, such as Al, Cu and Zn. 



Key Design Criteria 
Design capacity 1,050 m3/h 
Average flow 585 m3/h 
Maximum hydraulic capacity 1,400 m3/h 
Design lime consumption (CaO) 19.5 t/d 
Operating pH 9.3-9.5 
Clarifier Rise Rate 1.2 m/h 
Mass Recycle Ratio 40 
Design sludge production (dry) 18 t/d 
Flocculant Dosage 2 mg/L 

Underflow % Solid 25% 

Design life 25 years 
Clarifier diameter (concrete) 33 m 
Reactor tank residence time (total) 45 min 



Sludge/Lime 
  Mix Tank 

Reactor 
Tank #1 

Clarifier 

Effluent 
Overflow 

Sludge disposal Sludge Recycle 

Lime 
Tank 

Flocculant 

Fresh Water 
Flocculant 

Lime Paste  
Feed 

Air 

Reactor 
Tank #2 

Britannia HDS - Process Flow Diagram 

Presenter
Presentation Notes
The basis of this process is the addition of lime to recycled sludge in a sludge/lime mix tank at the head of the system, followed by reaction with the acidic mine water feed and solids separation in a clarifier prior to recycle of the underflow sludge.  The addition of lime to the sludge assists the process by converting the sludge to a dense, granular, free-draining material with a relatively low viscosity, which in turn generates a dense sludge and ensures that the system carries a high solids inventory.  The HDS process represents conventional best available technology, where there is a need to produce high quality effluents, minimum volumes of stable sludge at the lowest possible overall cost.
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Parameter Unit Treated Discharge 
Water 

pH  9 to 9.5  
Suspended 
solids  

mg/L 10  

Metals  Total  Dissolved  
Aluminum (Al)  mg/L  1  0.5  
Cadmium (Cd)  mg/L  0.002  0.001  
Copper (Cu)  mg/L  0.4  0.02  
Iron (Fe)  mg/L  0.3 0.01  
Manganese (Mn)  mg/L  0.4 0.2  

Zinc (Zn)  mg/L  0.5  0.03  

Target Discharge Water Quality 



• Brainstorm Session On Site – Long List 

• Selected  Criteria for  Evaluation 

• Summarized Evaluation of Long List 

• Conducted Workshop with stakeholders 

• Selected short list on point system with ranking of 
alternatives and weighting factors  

 

 

 

Site Selection Process 
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Tom, here is a brief summary of what we did on site selection:
 
Reviewed previous work on siting; travelled to site to identify as many feasible options as possible
Prepared a list of criteria against which to evaluate each site.
Compared each site against the criteria; prepared a report tabulating these comaparisons; issued the report to the stakeholders
Facilitated a workshop with the stakeholders to weed out unsuitable sites and retain a short list of sites for further evaluation.  Workshop done with a point scoring approach against list of criteria reviewed and approved by stakeholders.
Workshop/stakeholders narrowed the list to two sites - Site A (4150 level), and Site D (Makin)
Prepared order of magnitude estimates of infrastructure and foundation costs for both sites
As assumed poor geotech conditions at Site A resulted in expensive foundations, conducted geotech investigations at both Site A and Site D to confirm conditions
Site A geotech better than previously assumed.
Province selected Site A as the site to be carried to feasibility level estimate for the study.
Prepared more detailed take-offs for infrastructure and foundations based on design optimized for Site A topography
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Alternative Sites 

 
 

 

 

 

• Site A - expanded bench at 4150 Level 

• Site B - museum property adjacent to core racks 

• Site C - adjacent to copper laundersand Britannia 
Creek 

• Site D - Makin property 

• Site E - bench at 4100 Level 

• Site F - museum property, partially inside 
concentrator building, balance of plant adjacent to 
core racks 

• Site G - Crown land, on tailings deposit west of 
railway line on foreshore 

 
 
 

 

 



 
 

 

 

 

Site Description Total Score 

A 4150 Level 518 

B Adjacent to core racks 267 

C Adjacent to Britannia Creek 231 

D Makin property 516 

E 4100 Level 503 

F Partially inside concentrator 304 

Site Selection  
Overall Results 
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Clear winners were Sites A, D and E
Subsequent meeting with Sponsors eliminated Site E due to consideration of sludge ponds and access to plant feed




Final Site Selection Process 

• Geotechnical  
• Access 
• Visibility 

• Land Ownership/Development Plans        

•        Site A Selected 
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Geotechnical
Site A is assumed to be located on a combination of native soil and mine waste fill initally it was assumed to that piles or caissons would be required – later revised Site D was native alluvial soil over glacial fill that allowed spread footings 
Access	
Site A was via an existing residential road approximately 1.8 km long. An access road through the Makin property is required to avoid bulk deliveries through the community
Site D required access to existing Highway 99 via a short access road 
Visibility
Trees presently hide Site A from view but site preparation may result in removal of some of these trees
Portions of WTP (i.e., lime silo) will be visible
The WTP may also be visible from existing upper Britannia town site
Site D Part of the plant could be hidden from view from Highway 99 but the plant would be highly visible to new residents if the Makin property is developed, depending on how development proceeds
Land Ownership 
Site A owned by   while Site D owned by Makin Family. Plans in place for development of both sitese 
Site A selected for feasibility study based on access to feed, land ownership issues and schedule 



Sludge Disposal Issues 

• Final Disposal Location 
• Chemical Characteristics 
• Long term Stability 
• Dewatering Methods 



Units Average Design 

Sludge generation rate  g/L  0.6  0.70  

Sludge production dry wt basis  tpd  8  18  

tpy  3,075  N/A  

Sludge percent solids (design)  w/w  25%  25%  

Sludge production wet wt basis @ 25% 
solids  

tpd  34  71  

Sludge disposal rate  m3/d  28  59  

m3/y  10,249  N/A  

Final dewatered sludge @ 40% solids m3/y  5,637 

Sludge cake volume m3/y  4,100 

Sludge Production 
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Add in Dewatered and Cake numbers



Sludge Composition 

Calcium       –   11.3% 
 

Iron              –  2.5 % 
 

Sulfate       –      8.8% Manganese –  0.6% 
 

Aluminum  -        6.3% Phosphorus  –  0.5% 

Copper      –       4.8% 
 

Cadmium     –  <0.01% 

Zinc          –       4.2%  
 

Nickel          -   <0.01% 

Magnesium  –   3.1% 
 

Arsenic         –  <0.01% 
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The sludge will be a mixture of precipitated metals, gypsum and calcium carbonate at typical HDS plant sludge densities.  Density can be maximized through manipulation of the mass sludge recycle ratio, however, there is a limit to the maximum density that can be achieved when the sludge particles are amorphous and not crystalline as could be the case at Britannia.  Zinc, aluminum and copper tend to form amorphous hydroxide type sludges with relatively low densities while sludges containing gypsum (CaSO4•2 H2O) or manganese dioxide (MnO2) tend be crystalline and have higher densities.  The maximum density that can be achieved with an HDS plant at Britannia will be highly dependent on actual feed chemistry, especially with respect to iron, manganese and sulphate.  Based on both the pilot plant results and experience with other HDS plants, the sludge produced at Britannia will have with a typical density in the range of 25 to 35% solids and have good physical and chemical stability.  If the sludge is stored in an impoundment, there should be sufficient residual lime in the sludge to keep porewater pH high and maintain good long-term chemical stability. Alternatively, lime slurry could be added directly to the sludge prior to dewatering if it is deemed necessary to improve chemical stability. During storage, chemical stability will improve due to equilibrium reactions between the sludge solids and porewater, resulting in the densification and crystallization of particles such as CaCO3. If left exposed for a long period of time, sludge porewater pH would be expected to drop due to exposure to atmospheric carbon dioxide, therefore long-term remediation measures for the sludge should include a final cover, if deposited in an impoundment.




Sludge Classification 

Parameter 
(mg/L) 

SWEP 
Results  

SWEP 
Criteria 

As <0.05 5.0 
Ba 0.005 100 
B 0.083 500 

Cd <0.002 0.5 
Cr <0.005 5.0 
Cu 0.09 100 
Pb <0.03 5 
Hg <0.00005 0.1 
Se <0.03 1 
Ag <0.01 5 
Zn 0.074 500 



• Filter Press 

• Ex-filtration basin at WTP  

• Slurry pumped to Mt. Sheer to Sludge Ponds 

 

Sludge Dewatering Options 
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Filter press with disposal off-site at dedicated landfill
Ex-filtration basin at WTP with cake trucked to sludge basin at Mt. Sheer
Slurry pumped to ex-filtration basin at Mt. Sheer
Produced at 20 – 30% solids  - requires dewatering for final disposal as cake (40 – 50% solids)
Options
Sludge Ponds
Deposit slurry in pond to allow solids to settle
“Leaky dam” concept allows liquid to drain away
Sludge cake is removed by loader for transport
Filter Press
Slurry fed to plate and frame press with cloth filters to “squeeze” out water





Plate and Frame Filter Press 
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This press has 1.5 m by 2 m plates while the proposed filter press at Britannia would utilize 

Need reference 



Exfiltration Sludge Pond  - Henderson  

 



Sludge Containment Cell  
- Cajamarquilla 



Final Disposal 

• On Site  
• Mt Sheer  

• Jane Basin 

• Off Site  
• Commerical Landfill  

• Dedicated Landfill 

• Industrial Uses 

Presenter
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 Industries that would be able to use the sludge as a filler or a source of recoverable metal




• Jane Basin – in glory holes or landfill 
 

• Seasonal access limitations 
• Requires upgraded road 
• Issues with stability 

 

• Mt. Sheer Town Site – in landfill 
 

• Year round access 
• Requires upgraded road 
• Issues with flooding/landslide 

 

On-Site Disposal Locations 



Off Site Landfills  

• Swan Hills, Alberta 
• HAZCO 
• Ecowaste 
• Canadian Waste Services 
• Squamish Lillooet Regional District 



Industrial End Users 

• Teck Cominco Trail Smelter 
• BCR Marine, Vancouver Wharves Operations (VWL) 
• LaFarge Concrete 

Presenter
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Teck-Cominco Trail operation rejected the sludge based on the problems it would create in smelting process. 
BC Marine, Vancouver Wharves Operations (VWL) Rejected based of lack of an economic benefit and potential liabilities with handling it. 
LaFarge Concrete believe it may be possible to integrate the sludge into one of their processes at their Richmond plant. The estimated cost would be in the $28 to $30 per tonne for transportation



Status of Feasibility Study  

• Feasibility Draft Report completed 
• Sludge disposal study underway  
• Outfall options study underway  
• Final Feasibility, Sludge Disposal and Outfall  

Options Studies to be issued in January 
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