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UNCLASSIFIED - NON CLASSIFIÉCanmetMINING’s Review of Geochemical Studies

Objective and effective reviews:

• Driven by NRCan mandate

• Following applicable guidance

• Consistent across federal, 
territorial, & provincial jurisdictions

• Tailored to each project



UNCLASSIFIED - NON CLASSIFIÉGeochemistry under Impact Assessment Act (2019)

(TISG-IAA 2019)

Characterization / source terms

Water quality model (+other)

!! New Section !!

1) Upfront emphasis on planning

2) Streamline review of Impact Statement

https://www.canada.ca/en/impact-assessment-agency/services/policy-guidance/practitioners-guide-impact-assessment-act/tailored-impact-statement-guidelines-projects-impact-assessment-act.html


UNCLASSIFIED - NON CLASSIFIÉEnvironmental Geochemistry Database 

Identification of Accessible Data

Interface / Data Visualization

Extract Data Using Python

Relational 
Database 
(e.g., SQL)

Task OutcomeApproach

Objectives: 

What can we learn 
from previous 
assessments to 
inform the 
guidelines?

Insights:
 Sample origin

 Analytical methods

 Data presentation

 Integrity and reusability
Standardization & Amalgamation



UNCLASSIFIED - NON CLASSIFIÉWhy Should You Care? / Why Is This Important?

3)Social licence to 
operate

2)Project planning 
and approvals

1)Data integrity 
and reuse 

Canadian Minerals and Metals 
Plan (CMMP):

MEND 1.20.1

Beddoes, Bailey, and Shaw. 
2018. BC MEND Workshop

GARD Guide

https://natural-resources.canada.ca/sites/nrcan/files/CMMP/CMMP_The_Plan-EN.pdf
https://natural-resources.canada.ca/sites/nrcan/files/CMMP/CMMP_The_Plan-EN.pdf
https://mend-nedem.org/wp-content/uploads/1.20.1_PredictionManual.pdf
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fbc-mlard.ca%2Ffiles%2Fpresentations%2F2018-24-BEDDOES-ETAL-interrelationships-water-management-modelling.pdf&data=05%7C01%7Cjennifer.cole%40NRCan-RNCan.gc.ca%7C6c989ae21e8f4b5e3bc508dbe568788e%7C05c95b3390ca49d5b644288b930b912b%7C0%7C0%7C638356009691498684%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=86OzBRuT%2FGeoAPvkILwcwrChH2lcrOJT0W2y1U0Tupw%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fbc-mlard.ca%2Ffiles%2Fpresentations%2F2018-24-BEDDOES-ETAL-interrelationships-water-management-modelling.pdf&data=05%7C01%7Cjennifer.cole%40NRCan-RNCan.gc.ca%7C6c989ae21e8f4b5e3bc508dbe568788e%7C05c95b3390ca49d5b644288b930b912b%7C0%7C0%7C638356009691498684%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=86OzBRuT%2FGeoAPvkILwcwrChH2lcrOJT0W2y1U0Tupw%3D&reserved=0
http://www.gardguide.com/index.php?title=Chapter_6


UNCLASSIFIED - NON CLASSIFIÉPresentation Slide Format and References 

Implication: XX

Guideline Excerpts: MEND Excerpts: 

MEND 1.20.1

Generic Tailored Impact Statement Guidelines (IAA 2019)

Considerations:

• X

• X

• X

Observations:

• X

• X

• X

https://mend-nedem.org/wp-content/uploads/1.20.1_PredictionManual.pdf
https://www.canada.ca/en/impact-assessment-agency/services/policy-guidance/practitioners-guide-impact-assessment-act/tailored-impact-statement-guidelines-projects-impact-assessment-act.html


UNCLASSIFIED - NON CLASSIFIÉOverall Program Requirement

Considerations:

• Assess all available materials

• Identify unavailable materials

• Plan to incorporate materials as project advances

Observations:

• Focus on mine rock and/or process solids only

• Unavailable materials not identified

• Subsequent phases of study not described

Implication: missing data could delay approvals and result in conservative conditions (higher cost)



UNCLASSIFIED - NON CLASSIFIÉSampling Program

Considerations:

• Spatial, geological, and volumetric documentation 
of sample representativeness

• Detailed documentation of sample metadata

• Clearly defined site-specific nomenclature

Observations:

• Sample representativeness not demonstrated

• Sample origin not clearly documented

• Inconsistent or undefined nomenclature

Implication: missing data could delay approvals and result in conservative conditions (higher cost)



UNCLASSIFIED - NON CLASSIFIÉExamples: Sample Metadata Documentation

Potential sample metadata to consider for thorough documentation of sample origin:
Sample ID Material Type Material Source Lithology Code / 

Name
Lithology 
Reference

Zone / Deposit / Mine 
Component

Temporal 
Information

UTM Borehole 
Information

Sample 
Type

Sample 
Mass (kg)

Description

Unique, consistent, 
considers historical 
programs; 
laboratory ID if 
applicable

e.g., tailings, ore, 
low grade ore, 
waste rock, 
overburden, etc.

e.g., exploration 
drill core, outcrop, 
test pit, bench or 
pilot test

Per log or block 
model, plus other 
attributes such as 
alteration

e.g., borehole 
logs, block 
model, sample 
collector, etc.

e.g., zone, pit, deposit, 
waste rock facility, tailings 
facility, etc.

e.g., drilling 
date, sampling 
date, study / 
sampling 
program,  
seasonality

Zone, 
NAD, 
Northing, 
Easting

e.g., borehole ID,  
from-to, collar 
location, azimuth, 
dip, etc.

e.g., entire 
length, 
composite, 
grab

field (fish 
weighing 
scale) or lab

Visual 
characteristics (e.g., 
colour, apparent 
grain size, visible 
mineralogy, etc.)

Implication: specific sample results and trends cannot be validated; data reuse is limited

Example 1: No sample identification 
number

Example 2: Lab cert only

Examples of more robust (but still limited) sample metadata:

[Lab]

Example 3: No borehole information
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Aerial View Only:

Examples: Mine Rock Sample Location

Cross Sections with Incomplete Metadata :

Implication: Spatial sample distribution, trends, and management approach cannot be validated



UNCLASSIFIED - NON CLASSIFIÉAnalytical Program, Data Presentation, QA/QC

Considerations:

• Thorough methods documentation

• Robust metadata and consistent nomenclature use

• Lab certificates provided for all samples and tests

• Describe QA/QC methods for all aspects of the study

Observations:

• Analytical methods are not described sufficiently

• Inconsistent / undefined nomenclature

• Summarized data only or lab certificates only

• QA/QC program not described

Implication: cannot validate analytical methods, source terms and proposed management
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Examples of NP reporting:

1) Modified Sobek method reference not provided

2) Standard Sobek reference; specific modifications not provided

3) Standard Sobek reference; modified Sobek indicated 

4) Inconsistent reporting between text and tables

NP Methods (not exhaustive):
Standard Sobek et al., 1978
Modified Sobek:
• Lawrence & Wang 1996 (MEND 1.16.3)
• Lawrence et al / Coastech Research Inc. 1989 (MEND 1.16.1a)
• State modifications, provide fizz ratings, indicate if pH checked & test rerun
Siderite Corrected NP:
• Skousen et al 1997 (specify which method: Sobek, Boil, H2O2, SobPer)
Other methods:
• BC Research (MEND 1.20.1)
• Lapakko 1993
• Quebec M.A.110 ACISOL 1.0
Effective NP: clearly describe methods and assumptions 

Limited documentation by labs:
• Schedule of fees: 

• Lab certificate:

• Well referenced methods:

Examples: Neutralization Potential Documentation

Implication: cannot validate NP methods; erodes trust in determination of ARD potential 
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Example 1: Carbon Species

• Methods not described in the text

• Methods cannot be validated (no lab certificate)

• CaNP replicated with CO2 value (assumed TIC as %CO2)

Examples: Carbon Species Documentation

Example 2: Carbon Species

• Inconsistent nomenclature between lab certificate (left), lab fee 
schedule (bottom), and report table (right)

Implication: methods cannot be verified; erodes trust in determination of ARD potential
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Specific information not provided:

• Trace metals – digestion method

• NP – specific modifications to Sobek, fizz ratings

• Total sulphur and sulphate methods 

Cannot replicate:

• Sulphide by difference (total sulphur minus sulphate)

• Acid potential based on total sulphur

Example: Analytical Method Documentation

Implication: calculated results cannot be replicated; erodes trust in determination of ARD potential

Method Documentation from Report:

                                                                             



UNCLASSIFIED - NON CLASSIFIÉAnalytical Program – Mineralogy Testing 

Considerations:

• Conduct fulsome testing of samples that represent all 
risk scenarios for each lithology

• Consider advanced mineralogy techniques that 
provide information on mineral occurrence in 
addition to modal mineralogy

• Clearly describe how mineralogy is considered in 
evaluation of ARD/NMD/ML potential

Observations:

• Not included or limited samples per lithology

• Not representing all risk scenarios or not used to 
determine ARD/ML potential and source terms

• Quantitative techniques only (high detection limits)

• Mineral texture or associations not accounted for

• Methods unable to identify source minerals and 
their control on ARD and/or ML potential

Implication: cannot validate source terms and proposed management



UNCLASSIFIED - NON CLASSIFIÉData Analysis: Estimating ARD/NMD/ML Potential

Implication: deficiencies in estimation of ARD/ML potentially results in inadequate source terms

Considerations:
• Fulsome documentation of methods / assumptions

• Elements of interest clearly defined, including new 
and emerging contaminants

• Sufficient documentation of kinetic sample 
representativeness 

• Kinetic testing and loading rates for all 
ARD/NMD/ML scenarios; consider proxies

Observations:

• ARD designation approach and assumptions not 
clearly defined (e.g., PAG designation, depletion 
calculations, ARD onset timing, etc.)

• Elements of environmental interest not identified

• Kinetic test sample representativeness not 
demonstrated ; does not account for all scenarios



UNCLASSIFIED - NON CLASSIFIÉExample: ARD Risk, Data Gaps, Management Plan
Proposed project:
• Minimal sampling of unit that comprises pit wall, 

contains some PAG samples

• No kinetic testing on PAG material

• Proposed management approach relying on 
estimated lag times from neutral kinetic tests

Implication: additional follow-up required before approval with conservative conditions

NRCan request:
 Additional sampling to address spatial data gaps 

and refine understanding of ARD potential for unit

-or-
 Comprehensive ARD/ML management plan that 

addresses data gaps and ARD risk

Outcome:

 Updated ARD/ML management plan addressed risk

 IA approved with conditions

 Program transitioned into permitting with

• Additional sampling to address data gaps
• Additional testing of PAG materials
• Development of ARD block model



UNCLASSIFIED - NON CLASSIFIÉExample: Use of Proxy for ARD

1)

2) 3)  

Example
 Using site monitoring data from an operating mine 

as a proxy for contact water at proposed project 

Approach is appropriate geologically, but 
geochemical justification was not provided: 

 Static test comparison by CanmetMINING:
1) higher S and lower NP values for samples from 

proposed project

 Kinetic tests on PAG samples (insufficient duration):
2) Proposed project: decreasing pH (red series)

3) Operating mine: neutral leachate 

Implication: additional follow-up to ensure adequate prediction of ARD risk



UNCLASSIFIED - NON CLASSIFIÉData Analysis: Source Term Development

Observations:

• Data gaps not identified / no plan to address them

• Life of mine tonnages and sequencing not available 

• Input parameters and assumptions not defined

Considerations:

• Clear plan to address data gaps as project advances

• Transparent source term development methods

• Consideration of proactive mine waste management 
and mitigation strategies during impact assessment

Implications: feasibility of proposed mitigation measures cannot be evaluated; potentially conservative conditions



UNCLASSIFIED - NON CLASSIFIÉExamples: New and Emerging Elements of Interest 

Implication: Cannot validate source terms or waste management strategy

Observations:

• Elements not included in leach tests 

• No loading rates or source terms developed

• Toxicity information not available and toxicity 
testing is not undertaken

Considerations:

• New and emerging elements should be included in 
geochemical testing

• Toxicity testing should be considered to support 
waste management & receiving environment 
objectivesThe Canadian Critical Minerals Strategy

https://www.canada.ca/en/campaign/critical-minerals-in-canada/canadian-critical-minerals-strategy.html


UNCLASSIFIED - NON CLASSIFIÉConclusions and Considerations

https://www.riotinto.com/sustainability/environment/tailings
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Detailed and thorough reporting: 
 Builds trust for all parties

 Streamlines project reviews 

 Supports data reuse 

Implications: delays in the approval process and conservative conditions of approval (increased costs)

Consider robust documentation of:

 Sample origin and representativeness

 Analytical methods

 Analytical results

 Source term development

cmin_ia_review-
cmin_revision_ei@nrcan-rncan.gc.ca

MEND 1.20.1

mailto:cmin_ia_review-cmin_revision_ei@nrcan-rncan.gc.ca
mailto:cmin_ia_review-cmin_revision_ei@nrcan-rncan.gc.ca
https://mend-nedem.org/wp-content/uploads/1.20.1_PredictionManual.pdf
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Annexed Slides



UNCLASSIFIED - NON CLASSIFIÉGeochemistry under Impact Assessment Act (2019)
TISG 
Section 

The Impact Statement must (summarized): Implications

8.3.1 Baseline 
Conditions

 provide a 
geochemical 
characterization of 
expected mined or 
excavated materials 
such as [etc.];

In particular 
(provide/ 
describe):

 Sample representativeness
 Analytical methods
 QA/QC / data presentation
 Methods to estimate potential for 

ARD/NMD/ML

• missing data could delay approvals and 
result in conservative conditions 
(higher cost)

• cannot validate analytical methods, 
source terms and proposed 
management

8.3.2 Effects to 
chemical 
release rates

 describe the effects 
of the project on the 
rate at which 
chemicals may be 
released from mined 
or excavated 
materials, 

including:  Source terms for all facilities and all phases
 Input parameters and assumptions 
 Base case, worst case, and sensitivity 

scenarios
 Potential effects to groundwater, surface 

water, and sediment quality from ARD, NMD 
and/or ML

• decreased clarity in ARD/ML risk 
identification erodes confidence in 
source terms

• additional follow-up required before 
approval with conservative conditions 
delays the process and increases costs

8.3.3 Mitigation 
and 
enhancement 
measures

 describe the conceptual approach to operational testing to identify and management 
potentially acid generating and/or metal(loid) leaching mine waste during mine 
construction and operations, if applicable

 describe methods for the prevention, monitoring, management and control of acid rock 
drainage, neutral mine drainage, and/or and metal(loid) leaching during all project 
phases.

• feasibility of proposed mitigation 
measure cannot be evaluated and can 
result in potentially conservative 
conditions of approval

• Limits data reuse to support proactive 
mine waste management strategies

Federal Guidelines (IAA 2019)

https://www.canada.ca/en/impact-assessment-agency/services/policy-guidance/practitioners-guide-impact-assessment-act/tailored-impact-statement-guidelines-projects-impact-assessment-act.html


UNCLASSIFIED - NON CLASSIFIÉSampling Program: Material Selection

Considerations:

• Provide LOM tonnage estimates by rock type

• Consider ore feed changes over LOM

• Test sufficient samples per unit for statistics

Observations:

• Disturbed rock units not identified, not all units tested

• Changes in material sequencing over LOM not considered 

• <3 samples per material type

Implication: cannot verify sampling program sufficiency or ARD/ML Management approach



UNCLASSIFIED - NON CLASSIFIÉSampling Program: Sample Origin

Considerations:

• Thorough documentation of sample origin 
for all samples

• Consistent and defined nomenclature

• All sample locations visually presented

Observations:
• Insufficient information to confirm representativeness

• ‘Historic’ sample metadata not provided or inconsistent

• Rock type designation source not defined (e.g., logged 
lithology or management unit)

• Site specific nomenclature / codes not defined 

• Use of local formation names

• Composite sample composition not provided

Implication: cannot verify sampling program sufficiency or ARD/ML Management approach



UNCLASSIFIED - NON CLASSIFIÉAnalytical Program: Documentation of Methods

Implication: methods cannot be validated; erodes trust in source terms and proposed management

Considerations:

• Thorough documentation of test methods to 
support program reproducibility 

• Provide method references

• Provide lab certificates

• Use clear and consistent nomenclature

• ‘Historic’ methods and limitations

Observations:

• Method documentation incomplete and/or not referenced

• Calculated sulphur and carbonate species not reproducible

• Lab certificates lack detailed method description

• Inconsistent nomenclature across text, tables, lab 
certificates, and previous studies



UNCLASSIFIED - NON CLASSIFIÉData Presentation and QA/QC

Implication: analytical data cannot be verified; source terms cannot be validated

Considerations:

• Data provision for all samples / tests

• Lab certificates and QA/QC reports
• Sample metadata

• Document QA/QC methods
• Sample collection
• Lab analysis
• Data analysis

Observations:

• Data provision

• Summary tables, figures, or statistics only

• Laboratory certificates not provided

• Excludes various tested elements

• Sample metadata limited or omitted

• Data reporting doesn’t define

• Units of measurement, detection limits, #N/A

• Significant figures truncated; zero values



UNCLASSIFIED - NON CLASSIFIÉData Analysis: Evaluation of ARD/NMD/ML Potential

Implication: decreased clarity in ARD/ML risk identification; erodes confidence in source terms

Considerations:
• Fulsome documentation of all calculation methods 

and assumptions, including adjustment factors
• New and emerging elements included in 

geochemical testing
• ARD indicators & elements of interest clearly defined
• Toxicity testing considered to support effluent limits 

and environmental guidelines
• Kinetic test samples consider all potential scenarios 

and representativeness is clearly documented
• Fulsome modal and textural mineralogy testing

Observations:

• ABA calculation methods not defined 
• ARD designation approach and criteria not defined
• Elements of environmental interest

• Methods to identify are not defined
• Excludes new and emerging elements

• Kinetic test samples 
• do not target all scenarios for ARD/NMD/ML
• representativeness not demonstrated

• Modal mineralogy testing only without textural 
analysis; not used to inform ABA test methods



UNCLASSIFIED - NON CLASSIFIÉData Analysis: Estimation of Release Rates

Implication: decreased clarity erodes confidence in source terms and waste management plans

Considerations:
• Depletion calculations  / ARD onset timing

• methods and assumptions clearly documented
• PAG samples utilized (when applicable)

• Loading rates (short- and long-term)
• Clear documentation of test results utilized
• Consideration of particle size and test scale

• Use of proxies for acidic conditions (e.g. acidic lab 
tests, operating sites, etc.) clearly documented

• Implement advanced mineralogy techniques and 
consider mineral controls on estimates of ML/ARD

Observations:

• Methods and assumptions not provided for:
• Loading rates
• Depletion calculations
• Timing on ARD onset

• Acidic conditions not achieved in kinetic testing
• Onset timing calculated based on neutral tests
• Acidic loading rates not available

• Proxies for ARD not implemented; or 
appropriateness of method not demonstrated

• Mineralogical controls are not considered 
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