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ABSTRACT

This report is a review of waste rock sampling techniques.  Part A presents a literature review and

discussions of the various waste rock sampling techniques.  Part B provides guidance to a broad

spectrum of concerned parties as to the available sampling techniques and suggested

methodologies to apply during the various stages of a mine development.  The objective is to

ensure that adequate data are collected during all stages of the mine development to ensure the

database exists to evaluate the acid generating potential of the waste.  The evaluation would

normally include Acid Rock modelling using both empirical and computer based models.  For

demonstration of how these techniques have been applied, Part C of this report also provides an

actual example of how data were collected and utilized to assess ARD potential at a site in

Canada.

Version française - MEND
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1.0 INTRODUCTION

1.1 OVERVIEW
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2.0 SAMPLING TECHNIQUES

2.1 SAMPLE PROGRAM DESIGN
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FIGURE 2.21
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FIGURE 2.2.3

CALIBRATION CURVES FOR THERMISTORS

TEMPERATURE versus RESISTANCE
GEOKON THERMISTORS FOR BOREHOLES IN THE SOUTH PILE
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2.2.7 Permeability Testing
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2.2.9 Water Content and Moisture
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2.3.2 Field Monitoring
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2.4.1 Flow Measurements



TYPE 1 (DRAG BIT)

FIGURE 2.3.1

WELL DRILL BIT TYPES

TYPE 2 (CONE-TYPE BIT)

TYPE 3 (STANDARD BIT WITH DOWN-THE-HOLE-HAMMER)



FIGURE 2.3.2

WELL DRILL BIT TYPES
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2.4.4 Water Chemistry
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3.0 WASTE ROCK SAMPLING - EXPLORATION PHASE

3.1 DATA REQUIREMENTS

3.1.1 Overview

�.� 
(!��"��� 
	 ".�� �.��"�� �� "
 ��
���� � �
�� *�� 
� ������"�� ����� "
 ��������
� 7��"� �
�E ��*�)�
�

	
� �
 �M�)
��"�

 ��
���"�$

�M�)
��"�

 (� ��	�
�"�

 �
���� � (�
�� ��
�� ��"���"���$ 6
�"��) �"���� �
�)��� �����) �������0 )�"���"���

���)��"�

0 ��
����"�
�0 "��
�.�
�0 ��
)
����) *����
�0 ��
�.�*���) �������0 �"�$ �.�� *�� )��� "
 ���))�
�

�
� ���
"��))� ����
��� �"���� 
	 �M�)
��"�

 7.��. �
�)� �
�)��� (�)E ��*�)� �M"���"�

 �
� "��" *�
�
�$

�M�)
��"�

 ��"���"��� 
	"�
 ��
���� 7��"� �
�E �
� *�
� 7�"���$

�.� �*�)�*�
"�"�

 
	 � 7��"� �
�E ��*�)�
� ��
���* ����
� ".� �M�)
��"�

 �.��� 
	 � ��
!��" �� ����
"��)$

�.� ��"� �
))��"�� ��
 .��� � ��(�"�
"��) �		��" 

 �
���

*�
"�) *�
���*�
" ����"���� ����
� ����
���

�M�)
��"�

 �.���� �
� �.
�)� �
�)��� E�� ��"� ��F����� 	
� ".� �����
 �
� 	����(�)�"� ���)��"�

 
	 ".� *�
�

����)
�*�
"$

3.1.2 Generic Data Requirements
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3.2 ARD ASSESSMENT METHODOLOGY

3.2.1 Rock and Soil Sample Collection
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FIGURE 3.21

SCHEMATIC SECTION OF A TYPICAL ORE DEPOSIT
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FIGURE 3.2.2
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THE POTENTIAL FOR ACID 

IN BRITISH COLUMBIA

INITIAL  WITH  
I

 

 SAMPLES OF ORE AND WASTE ROCK FROM
 SITE  WITH PROJECT

GEOLOGIST
P R O S P E C T U S

   ANALYSISI

I REPORT RESULTS IN PROSPECTUS I

 
 GEOLOGICAL 

 IF  

   PROJECT GEOLOGISTS TO YES
ORE  WASTE ROCK  FROM AN 
PERSPECTIVE  ON   

 OF 

TAKE SAMPLES FROM EACH    MINIMUM
I

STAGE   IN FIGURE 4.3.   PUN

I  I

REPRESENTATIVE?

 TYPES   ABA
ANALYSIS. COLLECT MORE

SAMPLES

PRELIM NARY DESIGN   

I

SAMPLES FOR KINETIC TESTS TO 
RATES OF  

KINETIC TESTS  4   

- l- - - - - - - - - - - - - - - - -  - w - - - - - - - - - - - - - e -

  CONTROLS FOR  

STAGE HI

I  MINE 

SOURCE:  INC., NORECOLAND GORMELY (1990). BC AMD TASK FORCE, DRAFT ARD TECH. GUIDE, VOL II



PART B Waste Rock Sampling - Exploration Phase

31368 - June 1994 SENES Consultants Limited

82

������*�
" 
	 ".� ������ 
	 ".� ��
()�*$

�� ��������� �
 ���"�

 +$+$50 ��
�*�� "��"� ��
 ��
���� ".� ��F����� ��"�$ �� 

"�� �
 �"�� &0 �" �� ".�

7��"��� 
��
�

 ".�" �
� 7��"� �

"��
�
� ��)�.��� �.
�)� (� ��(!��"�� "
 )�*�"�� 
� ���)�*�
��� ��
�*��

"��"7
�E$ �.�� �
�)� �
�)��� 	
� �M�*�)�0 �
)�*
 �"����� 
� .�*���"� ��)) "��"� "
 ��"��*�
� �	 ".� )���.�"� ��

)�E�)� "
 (� �

"�*�
�"��$ It cannot be stressed enough ".�" �		)��
" �
�� 

" .��� "
 (� ������ "
 �

"��


�)���"�� )���)� 
	 .���� *�"�)� ���. �� ����
��0 
��E�)0 �
����0 *
)�(��
�*0 �
"�*

�0 ���*��*0 ��

 �66'

�
� G�
�$

;
� ".� ��*�)�� ".�" .��� 
�" ���� ��
���"�

 �
"�
"��)0 *�
� ��		���
" "��" ��
������� ��� ��F����� "
 �))
7

	
� � ������"��� ������*�
" 
	 ".� ��
()�*$ �.��� "��"� �
�)����

� ��"��)�� *�
���)
����) �
�)���� �
� ��"��*�
�"�

 
	 *�
���) 	
�*� ���� ���"�

 +$+$&'L

� ��
�*�� "��"�
� "
 ������� ��"�� 
	 ����"�

 �
� ���
"�	� �

"�*�
�"�

 �

���
� ����

���"�

 +$+$+'L

� �.�����) �"�(�)�"� �
� 7��".���
� "��"� "
 ������ ���*()�
� ��"�� �
� �M�
���� 
	 ��)�.���

*�
���)� 
��� "�*�L

� ������*�
" 
	 ����
 ��G�� �
�)���
� �
 ��"�*�"� 
	 ".� �����
"��� 
	 �
�E ����"�� ����"��

".�
 &C �* �
� ����
 ��G� ���"��(�"�

 	
� �
�E ���"��)�� (�)
7 &C �* ���� ���"�

 +$+$&C'L

� ".� �
���)�"�

 
	 ��)�.��� �

"�
" 7�". ����
 ��G� "
 ������ 7.�".�� ��)�.���� ��� )�E�)� "


�

��
"��"� �
 ".� 	�
�� �".�� "��" �� 

)� ���)���()� "
 (�)E ��*�)�� �
� �� 

" ��)���
" 	
�

����.�� �
�� ��*�)��' ���� ���"�

 +$+$&C'L �
�

� ��"��)�� �.�*���) �
�)���� 
	 )���.�"� 	�
* ��
�*�� "��"�$

�.� �(
�� ��"� ��
 (� ���� �� �
��"� 	
� ��*�)��"�� �
� �
*�)�M *
��)� "
 ������" ".� �M"�
" 
	 �
 ���

��
()�*$ �����
" "

)� ��� 

" 7�)) ����)
��� (�" �
 ��
���))� �))
7 �
 ������*�
" 
	 "
"�) F��
"�"�0 ��"�0

�
� ����"�

 
	 ���� ��
���"�

$

�"�� 5 � ��)�"�� �"�����

�" ".� �M�)
��"�

 �.���0 ".� *�
�
� �
*��
� �� �

���"�
� ���))�
� ��
���*� �
� ��)�"�� �"����� "


��"��*�
� ".� N(��" ����
��.N "
 *�
�
� ".� 
��(
��0 ��$�$ �
�����
�
�0 
��
 ��"'$ �.��� �"����� �.
�)�

�)�
 �
�)��� �
 ���)��"�

 
	 �
"�
"��) *�
���*�
" 
�"�

� 	
� 7��"� �
�E ��$�$ ���	��� �"
�E��)� 7�". �
���

������ (��E	�)) �
"
 �
 
��
 ��" �
� 	)

��
� "
 *��
"��
 ��"���"�� �

��"�

�'$

2".�� ��)�"�� �"����� ��� �
� ����"�

�) ��
���*� 7.��. ��� ����
"��) 	
� ������*�
" 
	 ".� 	�
�
���) �
�

�
���

*�
"�) 	����(�)�"� 
	 ".� ��
�
��� ��
!��"$ �
*� 
	 ".��� 7��� ��������� �����
��)� �
 ���"�

 5$&$5

������	�� ��F����*�
"�'$ 2	 ".��� �"�����0 ".� *
�" �*�
�"�
" ����



PART B Waste Rock Sampling - Exploration Phase

31368 - June 1994 SENES Consultants Limited

83

� (
��
7 *�"����)� ���)��"�

 ��$�$ F��
"�"� �
� �.����"����"��� �
�)���
� �
�
��"�0 ��� �
�

7�"�� ���*��(�)�"�0 *
��"���'L �
�

� (���)�
� �
���

*�
"�) �"�����$



PART B Waste Rock Sampling - Operational Phase

31368 - June 1994 SENES Consultants Limited

-1

� (
��
7 �����. 	
� �
��� *�"����) ���
����� ".� �.����"����"��� 
	 �
��� *�"����) �� ��"�()��.�� �" ".�� �"���'

7
�)� ��� ".� ��"� 
("��
�� 	�
* ".� ��
���) ������ 
� ��*�)� (� ���" 
	 �"$ � ������ 
	 "��" ��"� �
 *
��

	��
���()� ���
"�	��� G

�� 7
�)� (� �M����"�� "
 ��
���� ����"�

�) �
	
�*�"�

 ��)�"�� "
 ".� �
��
����
�

��
���"��� 
	 ".� �
"�
"��) �
��� �
�)� �� 7�)) �� ����)�()� F��
"�"���$ �.� )���) 
	 ��"��) 
	 ".� �
���"���"�



7
�)� ����
� 

 ".� �����
 �"��� ��$�$ �

���"��) 
� 	�
�) �����
'$ ����
��
� 

 ".� �
"�
"��) ���� �
 �
���

�����
0 ".� �
�) ��*�)�� �
�)� (� ��(!��"�� "
 ".� 	
))
7�
� ��
"��.
���) "��"�
��

� 
�"���) 7�"�� �

"�
" ��"��*�
�"�

L

� ����
 ��G� �
�)����L

� )�(
��"
�� ���*��(�)�"� "��"�
�L

� "���M��) 
� �����" �.���L �
�

� "��"�
� 	
� �"��
�". ����*�"���$



PART B Waste Rock Sampling - Operational Phase

31368 - June 1994 SENES Consultants Limited

-2

4.0 WASTE ROCK SAMPLING - OPERATIONAL PHASE

4.1 DATA REQUIREMENTS

4.1.1 Overview
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4.1.2 Specific Data Requirements

�.� "���� 
	 �"����� �
*�)�"�� 	
� ".� �M�)
��"�

 �.��� ��� �F��))� ���)���()� "
 ".� 
����"�
� �.���$ �.�

*�!
� ��		���
��� ��� ".�" ��"��) 7��"� ��*�)�� ��� (��
� ��
����� 	�
* �
 
����"�
� *�
�0 �
� ".� ��"��)

	��)� �

��"�

� ��
 (� �"����� (� *

�"
��
� ".� 7��"� �
�E ��)�$ ��)��
�� 

 ������"��� "��"� �� ".���	
�� 
	

)��� �

���
$ �.�� �� 

" "
 ������" ".�" ������"��� "��"� ��� 

" ��)��()�$ �.��� "��"� ��$�$ .�*���"� ��))'

��
 ��	�
� �	 �����	�� G

�� 
� 7��"� "���� ��� 
	 *��. ����"�� �

���
 �
� ��F���� ������) *�
���*�
"$

�
�" 
	"�
0 ".� ����
�� 7��"� "���� ��� �
"��*�M�� �" � *�
�L ".���	
��0 ".� �(�)�"� "
 *������ �		��"� 	�
*

��		���
" �
�E "���� �� 

" �
���()�$

�.� *�!
� ��		���
�� (�"7��
 ".� 
����"�
� �
� �M�)
��"�

 ������*�
" �� ".�" 	
� ".� 
����"�
� �.���0 ".�

*

�"
��
� ��
���*� ��� 	
������ 

 	��)� ��"� �
))��"�

$ D�". 7��"� �
 �)���0 ��"� ��
 (� �
))��"�� 



)���.�"� F��)�"�0 "�*����"���0 (�
)
����) 	��"
��0 ��� *

�"
��
�0 �.�����) �.����"����"���0 �"�$ �.��� ��"� ���

�
��)��()� 	
� ��)�(��"�
� ������"��� "��.
�F��� ��$�$ *
��)�' �
� �
������
� �

	���
�� )���)� �
 ".� 
����))

��� ������*�
"$

4.2 ARD ASSESSMENT METHODOLOGY
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5.0 WASTE ROCK SAMPLING - DECOMMISSIONING (CLOSURE)

5.1 DATA REQUIREMENTS

5.1.1 Overview
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6.0 EXAMPLE PROGRAM - LA MINE DOYON

6.1 BACKGROUND
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6.3 SOUTH DUMP EVALUATION PROGRAM
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Table 6.3-l

MINE DOYON MONITORING PLAN

Monitoring Requirement

1)  Chemical Characterization
� Elemental Analyses
� Mineralogy
. Mineral Forms

2) ARD Assessment Procedures
� Static Tests
� Dynamic Tests

Method Selected

Atomic Adsorption,  Ion Chromatography, XR Fluorescence
XR Diffraction, XR Fluorescence, EDX, Microprobe
Scanning Electron Microscope, Petrographic Microscope

Acid-Base Accounting (Standard B.C. Task Force)

3)  Stabilitv Tests
� Hardness
� Weathering

Los Angeles Abrasion Test, Micro-Deval
 Adsorption, Compressive and Shear Wave Velocities

Using an Accelerometer

4) Water Monitoring
� Locations
� Methods
� Analyses Lab

Field

5) Gas 
�  � � � � �

� Method

6) Permeability
 water
 Air
� Diffusion Rates

7 ) Rock Particle Size 
� Methods

Surface Water, Pore Water, Groundwater, Seepage
Grab Samples, Core Washing, Core Squeezing, Piezometers

 ICP, Major Anions, Acidity
  Conductivity

  

Peristaltic Pump and 0, Sensor, Gas Chromatograph (Lab)

Slug Tests
 Pumping Test (94-95)

Derived from Gas Sampling, Temperature Gradients, and Model

Field: Sieving Very Coarse Fractions (1 ton sample),
Lab: Sieving

8 ) Porositv of Pile
� Methods Detailed Survey to Measure Volume, Historic Data from Mine

Operation (Mass-Volume Data), Microgravity (Bulk Density,
Porosity, Water Content Data)

9) Water Content Gravimetric Method (Trench Samples), Bulk Water Content
(Microgravity)

10) Flow Monitoring
 Location

� Methods

I I) Infiltration Monitoring
� Methods

Three Stations (NW, NE, SE) with Weir, Automatic Flow
Recorder

Weir Stations: Instantaneous Flow Rate and Cumulative Flow

Gravity Lysimeters, Water Budget

31368  June 1994   Limited



Table  Continued

Monitoring Requirement

12)  Monitoring
� Methods

Method Selected

 Situ Sampling (Traps), Bacteria Counting, Growth Experiments

 
� Parameters

� Methods

Precipitation, Temperature, Relative Humidity, Atmospheric

Automatic Weather Station at the Mine and Environment Canada
Stations  

14) Thermal 
� Methods Thermistor Strings in the Dump, Aerial Infrared Thermography,

Modelling Air Convection

15)  Techniaues
. Methods

16)  Techniaues

 Drilling, Trenches with 

Microgravity

31368 -June 1994  consultants Limited
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FIGURE 6.4

TYPICAL ON-DUMP INSTALLATION
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FIGURE 6.6

MAJOR IONS,  ACIDITY VERSUS T.D.S. PLOTS
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FIGURE 6.8

SAMPLED  GAS COMPOSITION
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