
Britannia Mine Remediation Project 
Project Overview 
 9th Annual ML/ARD Workshop 
 December 4, 2002 
 Gerry O’Hara, Project Manager 
 Golder Associates Ltd 
 
 

Presenter
Presentation Notes
Britannia Mine remediation Project - Overview



Britannia Mine Remediation Project 
Overview - Presentation Outline  

• Environmental problems at Britannia 
• Province’s remedial concept 
• Summary of work completed/ongoing 
• Project status and schedule 

 
 
 
 
 

Presenter
Presentation Notes
My presentation provides a brief overview of the Province’s Britannia Mine Remediation Project.  By way of background, I will first present a summary of the environmental problems at the site, the Province’s remedial concept, an outline of the work being undertaken and status and schedule of the work as of December, 2002.



 
 

Site Location 

Mine extends 10km east 

Presenter
Presentation Notes
Britannia Mine is located some 45km north of Vancouver, BC on the ‘Sea to Sky Highway’ (Highway 99), on route from Vancouver to Whistler.  The sulphide orebody worked during the mine’s productive years is located several kilometers inland, linked by development adits to various shafts and portals located around the hillside.  The main minerals processing area was located at Britannia Beach, adjacent to Highway 99, where the large concentrator (mill) building still dominates the scene.



Britannia Mine Background  

• Britannia Mine often cited as the largest point 
source metal pollution source in North America 
discharging to a marine environment 

• Impact to aquatic life in Howe Sound and local 
waterways (eg. Britannia Creek, Jane Creek) 

• Naturally occurring metal sulphide orebody which 
has been exposed to air and water during (and 
subsequent to) seventy years of mining 
 

Presenter
Presentation Notes
The next few slides provide some background to the Britannia Mine Remediation Project.  The mine is cited as one of the largest sources of metal pollution in North America, with a significant impact to aquatic life in Howe Sound and local creeks.  The contamination is derived from naturally occurring metal sulphide ore.



Mine History 

• 1905 – mine began production 
• 1920s –largest producing copper mine in the 

British Commonwealth 
• 1974 – Mine owners ordered to collect and treat 

ARD discharge 
• 1974 – Anaconda Canada Ltd. closed mine 
• Post 1974: 

• Plug installed in 4100 Level – flow control 
• Dam installed in 2200 Level (later failed) 
• ARD discharge via ‘deep outfall’ 
• Plug installed in 2200 Level – divert flow to 4100 Level 

Presenter
Presentation Notes
The mine was operational for around 70 years.  In the 1920’s it attained the status of the largest producing copper mine in the British Commonwealth.  Since its closure in 1974, ARD has flowed, virtually continuously, out of the 4100 Level (located close to the concentrator (mill) building) and, more intermittently, from the 2200 Level. 



Why Now? 

• On April 12, 2001 the Province and historical 
PRPs reach agreement indemnifying the 
historical PRPs in exchange for $30 million 

• The settlement requires the $30 million be 
maintained in a trust fund 

• Fund may only be spent on environmental 
remediation at the mine 

• Funds to be committed within 5 years 
 

Presenter
Presentation Notes
So why has it taken since 1974 for any real remediation effort.  Primarily $, or lack of them.  It was not until 2001 that substantial monies, some $30M, was received by the Province from the historical potentially responsible parties (PRPs) for environmental remediation of the mine in exchange for an indemnity.  These funds are in trust and are to be spent only on environmental remediation and must be committed within a 5 year period.
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Presenter
Presentation Notes
By way of orientation, here is a 3D image of the mine site looking from the northwest.  Several of the portals are shown, together with three of the major surface creeks: Britannia, Jane and Mineral.  The mine was worked both underground and by a series of open pits and ‘glory holes’ in Jane Basin, some 7km inland.
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Presenter
Presentation Notes
This slide shows a cutaway 3D image of the mine.  Note that mine ‘levels’ refer to the measurement in feet from the top-most workings at the mine (0 feet), with sea level being at around 4300 feet in this system of measurement.  Important features to note ate the 4100 Level, the 4100 Level plug, 2200 Level and Jane basin.



Summary of Environmental Problems 
• Metals contaminated acidic (pH ~3) mine water 

from: 
– 2200 Level portal (now diverted to 4100 Level) 
– 4100 Level portal (deep discharge to Howe Sound via 

4150 sub-level) 
– Other (minor discharges, e.g. seeps and other portals) 

• Other contamination sources: 
– Mine infrastructure (‘Fan Area & ‘Additional Areas’) e.g. 

• Processing/storage areas 
• Waste rock piles, launders, sediment ponds 

– Metals contaminated sediments in Howe Sound 
 

 
 
 

Presenter
Presentation Notes
The next few slides summarize the environmental problems at Britannia Mine.  ARD discharges from the 4100 Level to a sub-level, local to the 4100 Level portal area, via pipe to Howe Sound.  Until December 31, 2001, ARD also discharged out of the 2200 Level portal to Jane Creek and Britannia Creek.  This was stopped by installation of a plug by UBC/CBEL.  In addition to the main ARD problem at the site, ‘secondary’ sources of contamination occur in the alluvial fan area and sporadically across the site, associated with mine waste materials, mineral processing and transport routes.  Clean groundwater and surface water entering these areas becomes contaminated with metals.  The ‘Fan Area’ is the most significant of these secondary sources on land, a large portion being comprised of mine tailings and waste rock.  However, there are also an estimated 40M tonnes of mine tailings offshore in Howe Sound (not part of the Province’s project – this is a federal issue).



Howe Sound 

contaminated 
sediments 

4100 portal ARD 
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Post-Mining Conditions 
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Presenter
Presentation Notes
This is a schematic cross-section through the mine, illustrating the primary and secondary sources of ARD.



South Alluvial Fan (Mill): 
Up to 48 kg/day Copper, 77 kg/day Zinc 

North Alluvial Fan: 
Up to 0.5 kg/day Copper, 1 kg/day Zinc 

Estimated Daily Metals Loading 

Mine Workings Total: 
Copper and Zinc average 
around 300 kg/day each 
via outfall at 26m depth in 
Howe Sound 
 4100 Level 

Groundwater flow 

Mine water flow 

From additional 
areas – minor 
contribution 

Howe Sound 

Bedrock 

Alluvium and Fill 

Contaminated 
sediments 
(tailings) 

Presenter
Presentation Notes
This schematic illustrates the relative contamination contributions from the primary and secondary sources at the mine.  The main ARD discharge from the mine workings averages around 300kg each of copper and zinc per day, though the flows are seasonal, peaking in early summer (freshet) and in late fall.  Water discharge rates from the mine range from 50 L/sec (late summer) to peaks exceeding 600 L/sec at freshet.  Metal loading to Howe Sound from secondary sources is also significant, estimated to be up to 48kg per day of copper and 77kg/day of zinc.
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Presenter
Presentation Notes
This is an aerial view of the south ‘Fan Area’   The Museum property is in the centre of the photo and land owned by the Crown in the foreground.  The latter largely comprises mine tailings and waste rock.



Remediation Project Objectives 
• “Reduce environmental impact to fisheries….resulting 

from water and sediments originating from the mine site, 
by meeting site-specific risk-based provincial and federal 
requirements, 

• Construct a water treatment plant and other works to treat 
drainages to meet site-specific provincial and federal 
requirements, 

• Reduce contamination-related human health risks on, and 
emanating from, the mine site by meeting site-specific 
risk-based provincial requirements, and 

• Consider future sustainable development, compatible with 
land use designations in SLRD’s OCP” 

Presenter
Presentation Notes
A two-day planning meeting was held at the  beginning of the project in early November, 2001, with attendees from many different parties.  This slide shows the objectives for the project developed at that meeting.



Howe Sound 

Assessment of  
contaminated 
Sediments (Environment Canada) 

(2) Treatment: mine drainage and groundwater 

(3) Control of  
contaminated groundwater 

(1) Collection: 
 Plug 2200 portal 

Mill 

Assessment of contaminated waste 
rock and groundwater 

Province’s Remedial Concept 

(4) Prevention: 
diversion and/or cap 

(1) Collecting all ARD 

(2) Treating the ARD 

(3) Controlling the discharge of contaminated 
groundwater 

(4) Reducing or preventing the formation of ARD 
by covering sulphide mineralization with soils 
and/or re-routing uncontaminated surface 
waters away from underground mine 
workings, and 

(5) Risk assessment/in-situ management is 
anticipated for contaminated sediments and 
soils at certain locations 

Presenter
Presentation Notes
The meeting also developed the Province’s remedial concept, illustrated in this slide, into a series of well defined tasks linked together in a logic diagram.  The concept comprises 5 main components: 1) collection of ARD to one delivery point, 2) construction of a treatment plant for the collected ARD, 3) controlling the discharge of contaminated groundwater, 4) reducing the inflow into the mine and 5) risk assessments and in-situ management for contaminated sediments and soils.



Project Components 

• Golder Associates hired by Province in August, 
2001 as Remediation Project Manager 

• Technical contractors hired in fall, 2001: 
– Mining & Hydrogeology (SRK) 

– Water Treatment Plant (CH2MHill, AMEC & CEMI) 

– Contaminated Sites (URS) 

– Flood Risk Assessment (WMC) 

Presenter
Presentation Notes
The Province hired Golder Associates in August, 2001 as Project Manager.  A number of RFP’s were issued to address the work scopes needed to begin the technical investigation and planning phases of the project.  RFP’s were issued for three main contracts covering 1) mining and hydrogeology, 2) water treatment plant feasibility and 3) contaminated sites investigations and remedial planning.  A fourth, smaller contract was also let, addressing flood risk in Britannia Creek.



Management Structure 

Steering Committee 
Province (chair), 

EC, BCMEM, BCMFin  

Project Manager 
Golder Associates 

Technical Consultants 
SRK, URS, AMEC, WMC 

Technical Advisory Committee 
BCMWLAP (chair),  
EC, BCMEM, BCMA 

Legal Counsel 
Ministry of Attorney General 

Presenter
Presentation Notes
Although the project is managed by Golder Associates, the Province has also formed  a Steering Committee and a Technical Advisory Committee, who the Project Manager interfaces with and/or receives direction from.



Remediation Process 

Water Treatment 
Plant – feasibility 
study for HDS lime 
plant (AMEC) 

Mine Hydrogeology 
– mine drainage 
investigations (SRK) 

Contaminated Sites 
Investigations –
remediation plan 
(URS) 

mine drainage flow 
and quality 

groundwater flow 
and quality 

Drainage diversions 
and equalization  

Plant final design, 
procurement, and 
construction 

Soil and 
Groundwater 
Remediation 
works 

Flood Risk 
Assessment 
(WMC) 

siting 
information 

Project Management (Golder) 

Presenter
Presentation Notes
Each of the technical consultants address a specific scope of work.  These work scopes feed into the water treatment plant feasibility study, as illustrated in this slide.  The mining and hydrogeology contract deals with mine hydraulics and chemistry, including the potential for water storage in the mine, which have a direct bearing on the quality and quantity of water being fed to the plant.  The contaminated sites investigations consider whether contaminated groundwater will be extracted and, if so, what quality and quantity would require treatment in the plant.  The need for a flood risk assessment was identified as some of the potential locations for the treatment plant were potentially within the Britannia Creek flood plain.  The mining and hydrogeology and contaminated sites studies also input into additional remedial measures, for example, surface water diversions and soil/groundwater remediation.



Mining and Hydrogeology Study - SRK 

Evaluate mine as storage reservoir: 
• Safety assessment & rehabilitation program 
• Hydrology & hydrogeology studies1 

• Stability assessment of 4100 Level plug 
• Tests to assess storage capacity of Mine 

– Assessment of mine water chemistry2 

– Determine elevation v. volume relationship 
– Evaluate mine hydraulics 

1 Patrick Bryan & Graham Parkinson, 8:45 
2 Kelly Sexsmith & Stephen Day, 9:15 

Presenter
Presentation Notes
The mining and hydrogeology study, undertaken by SRK, comprises a number of components, including a safety and rehabilitation assessment, various geological, hydrogeological and hydrological studies, a stability assessment of the plug in the 4100 Level (that would act as the primary flow regulation device t the water treatment plant) and tests to ascertain the elevation/volume relationship of the mine pool, as well as changes in ARD chemistry, resulting from storage in the mine.  Pat Bryan and Graham Parkinson will be giving a presentation on some of the hydrological aspects of SRK’s work and Kelly Sexsmith a presentation on the mine water chemistry, immediately after this overview presentation.
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Presenter
Presentation Notes
Here is the cut-away 3D section of the mine again.  Note that the volume of mine that would be flooded as reservoir storage for the water treatment plant is shown in cyan.  Permanently flooded sections of the mine are in blue and unsaturated areas in red.



Mining and Hydrogeology Study - SRK  
• 4100 Level Plug test completed 
• Mine reservoir simulation model developed 
• Jane Basin diversion study in progress 
• Jane Basin stability assessment  

  nearing completion 
• Structural geology study completed 
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Presenter
Presentation Notes
SRK are nearing completion of their work scope, with the major fieldwork component, the 4100 Level Plug test complete and much of the reporting completed or nearing completion.  Ongoing work scope will include some maintenance and monitoring, together with assessment of data from flow measurement and meteorological stations at the site.



Flood Risk Assessment - WMC 
Flood risk study required: 

• Long history of flood and debris torrent events 
associated with Britannia Creek 

• Dilapidated dams in watershed 
• Some remedial works for Fan Area possibly located 

in flood plain 
 
 

 
 

Tunnel Dam 

Hwy99 Bridge 

Presenter
Presentation Notes
Water management Consultants (WMC) were engaged to undertake a flood risk assessment for Britannia Creek, a water course noted for significant flood and debris torrent events – the last major events being in the early 1990’s, though some recorded events in the early part of the last century involving widespread devastation and loss of life in the mining community.



Flood Risk Assessment - WMC 
Determine flood risk and mitigation: 

– Site surveys 
– Maximum probable flood 
– Debris flow analysis 
– Sedimentation analysis 
– Dam breach analysis 
– Flood flow routing 
– Modelling 

 
 
 

Tunnel Dam 

Presenter
Presentation Notes
The flood risk assessment was completed in the summer of 2002 and included a review of possible mitigation measures should these be required to protect the water treatment plant or other remedial measures in the Fan Area, together with a detailed dam breach analysis of Tunnel Dam, located near the 2200 Level portal.



Contaminated Sites Investigation - URS 
Assessment of secondary contamination sources by: 
− Site Investigations in Fan Area and Additional Areas, 

including: 
• historical information review 
• risk assessments* 
• boreholes, test pits, surficial sampling 
• groundwater pumping tests & modelling 
• storm water runoff sampling 
• sediment & biota sampling 

− Development of remediation plans 

*Cindy Ott & Steve Sibbick, 9:45 

Presenter
Presentation Notes
URS have undertaken a program of site investigations, including a historical review of information from site records and previous site investigations.  The site investigations comprised a risk-based approach, focussing on the goal of developing a cost-effective investigation program and remediation plan for the Fan Area and Additional Areas.  Cindy Ott and Steve Sibbick of URS will be presenting thURs’s risk-based approach at 9:45 this morning.



Contaminated Sites Investigation - URS 
• Reports completed: 

– Fan Area PSI & DSI reports 
– Fan Area ecological risk assessment 
– Fan Area human health risk assessment 
– Fan Area remediation planning document 

• Additional Areas - PSI and DSI fieldwork complete, 
investigation, risk assessment and remedial 
planning reports in preparation 

Presenter
Presentation Notes
A large number of reports have been released relating to the contaminated sites aspects of the project, including site investigation reports, ecological and human health risk assessments and remedial planning documents.  Fieldwork associated with the Additional Areas detailed site investigation was completed in the fall of 2002 and reporting is currently in progress.



Water Treatment - AMEC 
Determine Optimum Treatment Plant Design by: 

– Pilot treatment program (CEMI): 
• High Density Sludge (HDS) program (lime addition) 
• Consider upstream metals removal (UMR) 

– Plant feasibility study 
• Conceptual plant design 
• Plant siting and access 
• Sludge disposal study(s) 
• Outfall feasibility study 

 
 

Presenter
Presentation Notes
The well-proven high density sludge water treatment technology was identified as the most suitable from earlier studies, including a pilot water treatment plant program.  However, an additional pilot program was included in the project to provide plant design input data and a supply of sludge for physical and chemical characterisation.  This pilot program was undertaken by CEMI (Canadian Environmental and Metallurgical Inc.).  Upstream metals removal technologies were also considered for inclusion in the plant design, however, due to the still-experimental nature of these technologies at the scale of the  Britannia problem, together with budgetary and time-constraints associated with the project, these were not piloted or considered further in the feasibility study.  AMEC are working on the plant feasibility study, which, apart from the conceptual plant design itself, includes peripheral systems, access routes, feed lines, sludge disposal and offshore outfall studies.  The photo in this slide is of the CEMI pilot treatment plant set up in Britannia Beach School in March, 2002.



Water Treatment - AMEC 
• Treatment plant pilot study report - completed 
• Plant location stakeholder workshop held 
• Site selection report - completed 
• Preliminary sludge disposal option study/report – 

completed.  Second phase study in progress 
• Geotechnical investigation – completed 
• Plant feasibility study issued (draft)* 
• Outfall study in progress 

 
 

 

*Doug Lee & Tom Higgs, 10:45 

Presenter
Presentation Notes
Considering some of the complexities presented by the project, including timely input from other studies (some reliant on Mother Nature), and numerous permutations for sludge disposal and treatment plant site location and outfall, very good progress has been made by AMEC, with the delivery of the (draft) feasibility study report in late November, 2002, which will be followed by supplementary studies (sludge disposal and offshore outfall) in early December, 2002.  Doug Lee and Tom Higgs of AMEC will be presenting the water treatment plant feasibility study at 10:45 this morning, after coffee.



Water Treatment – Plant Sizing 

Plant sizing considerations: 
– Nominal 1050m3/hr plant selected for feasibility study 

• Desktop hydrological/hydrology studies 
• Previous mine flooding records 
• Results of phase 1 of the 4100 Level Plug test 

– SRK daily reservoir simulation model developed from 
plug test data - basis of assessing ability of plant to 
accommodate range of flows for previous 25 years 

– Extension of the SRK model allows effects of operator 
decision rules to be simulated 

– Will be used as input into permitting process 
 
 

 

Presenter
Presentation Notes
One of the big uncertainties at the onset of the project was the influent flow volume for the water treatment plant.  In order to allow the feasibility study to proceed in a timely fashion, a ‘best estimate’ was made and fixed into the design basis by July, 2002, before the plug tests were completed and before the daily reservoir simulation model was developed.  This estimate was based on desktop studies, review/analysis of historical mine records and available plug test records.  SRK subsequently developed a daily mine reservoir simulation model, calibrated against the 25 years of available records.  A peer review of the model was undertaken by WMC.  This model was then extended, by Golder, to allow development of operating rules for the reservoir and performance of various plant sizes to be assessed.  The results of this modelling will be input into the plant permit process.



Input

Design Capacity= 1050 m3/hr 292 L/s

Hydraulic Capacity= 1400 m3/hr 389 L/s

Plug Capacity= 4000 m3/hr 1111 L/s

Level I Criteria:  Controlled discharge of untreated water

Increase flow of untreated water by a further 50 L/s 1.  If the mine water level exceeds 150 m 
2.  If the rate of increase of the mine water level exceeds 1 m/day

Decrease flow of untreated water by 25 L/s 1.  If the rate of increase of the mine water level is less than 1 m/day

Level II Criteria:  At high values of estimated Snowpack Water Equivalent (SWE)

If SWE exceeds 0 mm In April
Increase the WTC flow by a further 50 m3/hr 1.  If the mine water level exceeds 21 m 

2.  If the rate of increase of the mine water level exceeds 2 m/day

Decrease the WTC flow by a further 50 m3/hr 1.   If the rate of increase of the mine water level is less than -1 m/day

Output

Percentage of water treated = 97.38266

Water Treatment 
Plant Flow Modelling 

Example: 1050m3/hr design capacity plant 

Presenter
Presentation Notes
The next few slides illustrate a single model run, based on the feasibility study design capacity of 1050m3/hr.  A nominal hydraulic capacity of the plant has been assumed of 1400m3/hr, along with a maximum flow through the 4100 Level Plug of 4000M3/hr.  In this run, operator rules are such the plant will increase its throughput in 50 L/s increments once the water level in the mine exceeds 150 metres (maximum level is 250 metres, before overflow from next-highest portal) and if the water level is increasing at more than 1m/day and will operate up to its hydraulic capacity without restriction for any snow pack equivalent.  Water over the hydraulic capacity would bypass the plant in a controlled manner.  In this example, over 97% of the water discharge from the mine for the 25 years of records would be treated by the plant.



Estimated Total Inflows to Mine (including flows that reported to 2200 level)
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Presenter
Presentation Notes
This slide shows 25 years of mine inflow records (simulated to include contribution from the 2200 Level) in blue and snow pack equivalent in red.  Note major events in 1982, 1997 and 1999.  The design and hydraulic capacities of the plant are also shown.
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Presenter
Presentation Notes
This plot illustrates the water level in the mine resulting from the operating rules and plant capacity set in the Input sheet for this model run.  Note that the 1999 event approaches the maximum storage available in the mine.
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Presenter
Presentation Notes
The blue curve shows treated water, the seven spikes above the hydraulic capacity representing controlled bypass events, where a proportion of the mine discharge water would need to be diverted past the plant.  The 1999 event has been assessed as a 50 year event.



Other Activities 
• Site-Wide Monitoring Program: 

– integrates with scopes of Mining & Hydrogeology and 
Contaminated Sites investigations: 

• Project Scheduling and Cost Control 
• Permitting 
• Database construction and maintenance 
• Websites: 

• britannia.golder.com 
• wlapwww.gov.bc.ca/sry/p2/britannia/index.htm 

• Newsletters, Reporting & Public Meetings  
 

Presenter
Presentation Notes
Other activities undertaken within the project include a site-wide monitoring program of creeks, seeps, monitoring wells and offshore sampling.  A unified database has been maintained by Golder, as has central scheduling and cost control on behalf of the Province.  The Province and Golder are currently working on permitting for the water treatment plant.  Two project websites are available: the first, maintained by Golder, is primarily a data exchange facility for the technical consultants, Golder, TAC and the Province.  The second, maintained by the Province, includes finalized technical reports, background information and links to related sites.



Project Schedule: Implementation 

Tender & Award 

Design-Build Specifications 

WTP Feasibility Study Review 

Procurement 
Construction 

Qtr. 4 02 Qtr. 2 03 Qtr. 4  03 Qtr. 1 04 

Detailed Design 

Sludge Disposal Preparation 

Contaminated Sites Remediation 

Presenter
Presentation Notes
The primary scheduling focus is to have the water treatment plant commissioned in the spring of 2004.  This slide illustrates (in red) the critical path to achieve this from Q4, 2002, based on a design-build procurement approach.  The yellow line illustrates contaminated sites remediation works, likely to comprise in-site management/containment by capping, improved drainage, and localized hot-spot remove.
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