
Introduce presentation
While we have this photo up – for those that don’t know, here is Brucejack Mine. 
Located in NW BC as shown on the inset map on the left. Brucejack is located in the 
Golden Triangle and is a high-grade underground gold and silver mine, in operations 
since 2017.
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Incorporating wall washing data sets into closure 
planning: Insights from Brucejack Mine
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As mentioned, Brucejack is a high-grade gold and silver underground mine. It is a 
volcanic arc-related epithermal vein deposit. The waste rock at site has been well 
characterized (reference testing) with the majority of these samples indicating that the 
waste rock is PAG. However, as you can see on the right, the ore is often hosted within 
carbonate-quartz vein systems, which provides significant buffering capacity, making 
the timeline to ARD onset on the order of decades. In addition to various static and 
kinetic tests, a comprehensive water quality monitoring program is ongoing as part of 
the operation to understand the evolution of water quality within the mine through 
time and development.
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Brucejack Mine
• High grade gold and silver underground mine

• Volcanic arc-related epithermal vein deposit

• Waste rock has been well characterized: 

• Static tests (>500 samples)

• Humidity cells (81, 22 ongoing)

• Saturated columns (35, 24 ongoing)

• Field Bins (14)

• Wall washing stations (7)

• Waste rock managed as PAG, but significant 

carbonate present so onset to ARD is on the order of 

decades.

• Comprehensive water quality monitoring ongoing 

(Sumps, Seeps, Stopes, Mine Water)



So – what is Wall Washing and where does it fit into Brucejack’s operation?

Morin and Hutt helped to develop workflows around Mine Wall Washing and provided 
the fundamentals that this approach is based on. Morin and Hutt have used the Mine 
Wall methodology to look at mine site drainage incorporation the entire water 
balance, whereas at Brucejack we are focusing in on mine closure and wall flushing 
specifically to inform closure planning.

Above are some schematics and images pulled from various publications and 
presentations that show station design and real-life application.
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Wall Washing Stations – Program Design
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Morin, K.A. and N.M. Hutt (2001) 
Environmental Geochemistry of 
Minesite Drainage: Practical Theory 
and case studies, Digital Edition. 
Canadian Cataloguing in Publication 
Data, MDAG Publishing, Vancouver, 
British Columbia, Canada, 2001.

Morin K. and N. Hutt. The MEND Minewall 
Technique: Overview and Details. 13th British 
Columbia MEND Metal Leaching/Acid Rock 
Drainage Workshop. Vancouver. 2006.



When we look towards the closure of the Brucejack Mine, current water quality 
modeling predicts that there could be concentration peaks for various parameters at 
discharge during the closure period as the mine is flooded and loads are flushed from 
the exposed surfaces underground.

4

Brucejack Mine Wall  Washing MEND 27. 11 .2024 NEWMONT CORPORATION 4

Brucejack Mine

• Water quality model predicts discharge concentration peaks associated with mine flooding 
(mine wall flushing) at closure

2020 5-YR update model predictions

WATER QUALITY PREDICTIONS
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As shown previously, Morin and Hutt provide example station designs, which we have 
largely adopted for Brucejack. We attempt to create 1m2 sections on the mine wall, 
with all four borders providing protection. The upper border stops water dripping or 
flowing down the mine wall from entering the station. The lower border acts as the 
rinsate collection trough for sampling. The side borders stop water from flowing into 
the station area laterally and allow for a cover to be affixed more solidly.
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Morin, K.A. and N.M. Hutt (2001) 
Environmental Geochemistry of 
Minesite Drainage: Practical Theory 
and case studies, Digital Edition. 
Canadian Cataloguing in Publication 
Data, MDAG Publishing, Vancouver, 
British Columbia, Canada, 2001.



In practice, we start by looking at the mine plan and determining the lithologies that we will be 
mining through (presently and into the future) and the associated exposed volume to prioritize 
installation of stations within our dominant mined lithologies. From there you look for a 
relatively flat piece of mine wall that is unlikely to be altered or destroyed through subsequent 
development (exploration drifts, vent raises, storage areas, etc). 

Once you have zeroed in on lithologies and safe areas, you look for mine walls within those 
areas that are largely flat for two reasons: 
1) You don’t want to have irregular mine walls that will make it difficult to create a competent 
seal of the station to the wall,
2) You want to be able to easily capture all the rinse water applied, overhanging walls or 
irregular walls can lead to drips leaving the station area or incomplete capture.
For similar reasons, you want to avoid walls that are heavily fractured that could allow for rinse 
water infiltration into the mine wall face.
Also – avoid areas with markings/impacts (image shown above was started, but after inspection 
we realized we couldn’t completely remove the blue spraypaint, the ground support could drip 
onto the station, and a slight overhang could lead to non-ideal sample conditions.

Challenges of setting stations up in an operating mine that doesn't interfere with operations – 
had one station that was destroyed. Not only challenges in selecting, but also maintaining and 
ensuring it can be sampled regularly
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Wall Washing Stations – Site Selection
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Key considerations for station selection:

1. represent current and future lithologies

2. in areas that will allow long-term monitoring 

(no future development in area)

3. on flat walls that allow ease of construction 
(seals and sampling)

4. on faces without large fractures that could 
take water



Brucejack now has a total of seven wall wash stations – two of which were just installed 
this September. They cover the main mined lithologies and location choice was guided 
by the existing geochemical dataset to ensure stations were installed in representative 
areas (avoid irregular veining or other features that stray from the typical unit 
character)
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Brucejack Wall Washing Stations

Brucejack Mine Wall  Washing MEND 27. 11 .2024 NEWMONT CORPORATION 7

2017 Stations

 Two stations in volcanic 
sedimentary facies unit

 Two stations in Fragmental 
volcanic unit

 One station in conglomerate 
unit

2024 Stations

 Two stations in Porphyry unitsSection view – looking west

Plan view – north up



Once you have chosen a section for mine wall installation, mark out the area that the 
station will cover and…discuss above steps
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Wall Washing Stations - Construction
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Key steps for station construction:

1. Drill pilot holes based on mapped 

station extents

2. Affix rubber stripping loosely to wall 

with concrete anchors/rock bolts

3. Apply sealant/caulking to rubber 

stripping and tighten anchors/bolts

4. Confirm station is sealed and add more 

sealant if necessary, covering anchors

5. Cut and affix poly sheeting/cover



Muck samples and precipitate samples are collected from each station 
annually. Muck samples are used to assess the material to the rinsed, while 
precipitate samples help to assess the solubility controls on 
metals/metalloids
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Wall Washing Stations – Monitoring Program
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Muck sampling: assessment of 
material to be rinsed

Precipitate sampling: assessment of 
solubility controls on metals/metalloids



Wall washing water quality samples are also collected annually. Follow 
above steps. Morin and Hutt recommend at least 200 mL, but as little water 
as possible - we have found 500 mL to be an adequate amount to wet the 
entire face and allow for required sample volumes. Rinsate is collected in a 
1L beaker, as shown, with samples and field parameters collected from this 
composite. 
At sampling completion, the entire surface area of the station should be 
wetted.
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Wall Washing Stations – Monitoring Program
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1. Remove cover from station and ensure no station defects (ideally check stations prior to sampling)

2. Apply 500 mL of DI-water evenly to wet entire surface of the wall station (~1m2)

3. Collect rinsate from trough for general chemistry, nutrients and dissolved metals



Wall Washing Station Program Results: ARD 
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2017-2024

• Slight decrease in pH observed, but still in neutral range – consistent with ARD onset calculations
• Evidence for sulfide oxidation and carbonate buffering
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Wall Washing Station Program Results: Cd
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2017-2024

• Cd concentrations show minor increases or relatively stable levels, as expected for neutral pH
• Concentrations converted to area-based loadings – normalizes for variable areas and timing of sampling 
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Wall Washing Station Program Results: Cu and Zn
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2017-2024

• Cu and Zn also show relatively stable release rates, as expected for neutral pH 
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Wall Washing Station Program Results: As
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2017-2024

• Decrease in As is consistent with expected solubility behaviour for As as pH declines, and site-specific 
monitoring.
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Method Benefits - Challenges Utility at Brucejack Mine

Extrapolation of historic 
flooding data

Direct in-situ measurements – 
dependent on exposure time and 
lithologies exposed, represents only a 
snapshot.

Indication of water quality but 
magnitude of concentration peaks 
uncertain.

Wall washing loading rates Direct in-situ measurements capturing 
evolving geochemistry - logistical 
challenges in operating mines. 

Direct assessment of in-situ 
loading rates (neutral conditions, 
and potentially onset of ARD).

Scaled humidity cell test 
(HCT) loading rates

Controlled lab experiment - conversion 
to area-based terms, scaling factors.

Assessment of loading rates for a 
potential future ARD condition.
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Calculating flushing loads
PREDICTING CLOSURE WATER QUALITY
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Comparison of wall washing vs. neutral HCT loading rates
WEEKLY LOADING RATES

(n=7)

(n=14)

Humidity cell rates are 
significantly higher since the 
experiments induce an 
accelerated weathering rate: 
• higher T 
• dry/humid cycle
• periodic leaching

Wall washing rates are more 
representative of actual loads 
and can provide insight on 
applicable HCT scaling factors.
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Conclusions
WALL WASHING DATA SETS

Summary

• Track in-situ evolution of mine wall geochemistry and 
confirm time to ARD onset

• Provide direct in-situ measurements of loading rates as 
compared to HCT where scaling is needed.

• Provide estimates of applicable scaling factors for HCT.

Assessment

• Wall washing monitoring programs are an effective 
means of predicting flushing loads that will be released 
during mine flooding.

• These data, along with site-specific water quality 
monitoring data sets, provide insight to water quality and 
water treatment/management needs at closure.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


