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ABSTRACT 

Acid rock drainage from waste rock piles and its impacts on the receiving environment is a 

critical issue facing regulatory agencies and the mining industry. The mining industry and 

regulatory agencies are presented with the difficult problem of being able to predict, with 

confidence, the potential for acid rock drainage to occur. The ability to predict seepage quality 

will ultimately provide regulators and the industry with the tools to evaluate various acid rock 

drainage control and management strategies. The predictive capabilities of various models differ 

however, a comprehensive predictive model does not exist to date. Current models are deficient 

in simulating the flow of water in unsaturated heterogeneous waste rock piles. The ability to 

predict the physical processes that ·deliver contaminated seepage from unsaturated, 

heterogeneous waste rock piles, to the environment, requires a better understanding of the 

physical and hydrogeologic characteristics of the waste rock pile. 

Placer Dome Inc. and Golden Sunlight Mines Inc. initiated a research program to investigate the 

hydrogeologic properties and moisture migration pathways in a large waste rock pile located at 

the Golden Sunlight Mine. The research presented in the following thesis documents the initial 

phases of the research program. The main objectives of this program were to determine the 

internal structure and moisture distribution in the waste rock pile and characterize the 

hydrogeologic properties of the waste rock pile. The results were used to investigate how water 

flows in a heterogeneous unsaturated waste rock pile. This research program was divided into a 

field logging and sampling program and a laboratory program to define the hydrogeological 

properties of the waste rock. 

The field logging and sampling program documented a highly structured, heterogeneous, 

unsaturated waste rock pile. The internal structure consisted of dipping layers of waste rock 

material defined by color and/or grain size differences. Weathering of the waste rock was 

documented throughout the waste rock pile except for the outer edges where waste rock was 

recently placed. Higher gravimetric water contents were found to exist in the upper 15 m of the 

waste rock pile define the development of a wetting front. Gravimetric water contents were found 

to be lower below this zone. Infiltration from the dump top surface due to precipitation is the 

dominant process producing the wetting front in the upper portions of the pile. Waste rock was 
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initially placed into the pile at low water contents and remains dry except for an increase in water 

contents in the upper 15 m of the waste rock pile. 

The laboratory program tested representative samples from each group of samples classified on 

the basis of grain size distribution to define the hydrogeologic properties of the waste rock. The 

soil water characteristic curves and hydraulic conductivity as a function of matric suction curves 

reveal two general types of waste rock material. Waste rock containing less than 40% passing the 

4.75 mm sieve drains rapidly under small values of matric suction and shows a rapid decrease in 

unsaturated hydraulic conductivity. Waste rock containing less than 40% passing 4.75 mm sieve 

is capable of retaining water under applied matric suction and also retains a higher unsaturated 

hydraulic conductivity. The soil water characteristic curves and the hydraulic conductivity 

function curves therefore demonstrate that the fine grained waste rock layers will be preferential 

layers for the storage of water and provide the pathways for the liquid water flow in the waste 

rock pile under unsaturated conditions. 

The transport of water vapour in the waste rock pile was found to occur. This process is active in 

the upper portion of the waste rock pile associated with the wetting front. Coarse waste rock 

layers with open interparticle voids appear to provide a preferential pathway for the movement of 

water vapour. The upward movement of water vapour may redistribute water within the wetting 

front where it may be transported upward and condense or it may exit the pile. Water vapour 

flow exiting the pile may be an important transport process that removes water from the waste 

rock pile. 
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Chapter 1 Introduction 

CHAPTER! 

INTRODUCTION 

1.1 ACID ROCK DRAINAGE IN WASTE ROCK PILES 

The mining industry in Canada and around the world has been conducting research to minimize 

the impacts of mining activity on the environment. Acid rock drainage is generally the primary 

source of contamination to the environment at many mine sites. For this reason, research into the 

prediction and monitoring of acid rock drainage has been undertaken by mining companies, 

governments and universities in several countries. 

Acid rock drainage, sometimes referred to as acid mine drainage when specifically related to 

mining activity, refers to the production of low pH seepage. This process occurs naturally in 

some geologic environments. Mining activity however, often creates an environment that allows 

a greater volume of sulfide bearing rock to oxidize and generate acid. 

The requirements for the generation of acid are sulfide minerals, oxygen and water. The 

oxidation and generation of f;1Cid are influenced by a number of biological and geochemical 

processes. Acid generation does not always lead to acid drainage. Acid drainage will not occur if 

the sulfide minerals are non reactive, if there is insufficient water to transport the oxidation 

products from the waste rock pile, or if the rock contains sufficient alkaline material to neutralize 

the drainage as it passes through the waste rock. If sufficient water is available to flush the 

products of oxidation from the mine waste to the environment, acid drainage occurs. Water, 

which acts as a transport medium, generally contains elevated levels of metals and sulfate. This 

drainage can have deleterious impacts on the receiving environment. The aquatic environment is 

especially susceptible to harmful impacts from acid rock drainage. 
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Chapter 1 Introduction Page 2 

Waste rock piles represent a major source of acid rock drainage for many mine sites. Waste rock 

has no economic value and is mined to access the ore. Open pit mining operations typically 

produce larger waste rock piles than underground operations. Waste rock piles are typically 

unsaturated and highly heterogeneous. 

The prediction of acid generation and drainage including total discharge and contaminant loads is 

critical to the mining industry. The ability to model and predict the potential for acid generation 

and drainage are required to design cost efficient control measures at existing and future mine 

sites. 

There are a number of models that have been developed to evaluate the relationship between 

various processes and to attempt to predict the generation and drainage of acid. Models are 

strong in areas of the movement and consumption of oxygen (Blanchette, 1992). The models are 

weak in areas of secondary mineral production, water flow and solute transport in unsaturated 

heterogeneous waste rock. Current models are weak due to a lack of understanding of the 

interaction between the hydrogeologic and the geochemical processes active in waste rock piles. 

There is a lack of understanding how water moves in unsaturated waste rock piles. This 

represents a major deficiency in the ability to predict the generation and drainage from sulfide 

bearing waste rock piles. In addition, there is a lack of field and laboratory data and this 

represents a major deficiency in validating existing models and in developing a better 

understanding of the process which are active in the waste rock dump over the long-term. 

1.2 RESEARCH OBJECTIVES 

The main objectives of this research were to determine the internal structure and characterize the 

hydrogeologic properties of a waste rock pile. This information is needed to investigate how 

water flows in unsaturated heterogeneous waste rock piles. The research program consisted of 

two phases. The first was to conduct a field program to log, sample and obtain in situ 

measurements. The second phase of the program consisted of compiling the field data followed 

by a laboratory program. The field data was compiled and correlated focusing on the 

construction history, internal structure and the distribution of water within the pile. The 

laboratory program defined the hydrogeological properties of the waste rock. A conceptual 
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model was developed to explain how water is stored and transported in a rock pile. This model 

is based on the observations made during the field and laboratory programs. 

1.3 RESEARCH METHODOLOGY 

The multiphase research program attempts to define the distribution of water and the pathways 

for water flow in a large, heterogeneous, unsaturated waste rock pile and to develop a conceptual 

and predictive model to evaluate the potential for seepage at the base of the pile. 

1.3.1 Phase I - Field Program 

In April 1994, an ancient earth block slip was reactivated at the Golden Sunlight Mine located in 

southwest Montana. The ground movement covered an area of approximately 745 acres located 

between the east waste rock dump complex and the tailings disposal area located to the south. 

Remedial measures included off-loading waste rock from a portion of the east waste rock pile. 

The removal of approximately 15 million tons of waste rock from this waste rock pile provided a 

unique opportunity to study the internal structure of a large waste rock pile. 

A field program was conducted during the excavation operations to document the internal 

structure, define the moisture distribution and obtain samples for further analysis. The field 

program was designed to log samples and obtain in situ measurements from the materials located 

inside the waste rock pile. A standard logging and sampling procedure was used throughout the 

field program. 
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1.3.2 Phase II - Data Reduction and Laboratory Analysis 

Upon completion of the field program several tasks were required to compile and reduce the data 

obtained during the field program. These tasks included: 

1. the preparation of field logs which document the physical descriptions, in situ measurements, 

and sample records, 

2. the construction of cross-sections from as-built drawings to document dump profile and 

construction history, 

3. the determination of the age (year the material was placed in the pile) of the waste rock 

found in each test pit and 

4. the definition of the distribution of water within the pile. 

Once the field data had been compiled and reduced the samples were classified. Representative 

samples from each classification group were tested to define the hydrogeologic properties of the 

waste rock materials sampled during the field program. The tasks completed during the 

laboratory program included: 

1. grain size distribution analysis, 

2. paste pH analysis for all samples used for grain size distribution analysis, 

3. sample classification on the basis of grain size distribution, 

4. modified pressure plate analysis to determine the soil-water characteristic curves for 

representative samples, 

5. specific gravity testing for representative samples and 

6. saturated hydraulic conductivity testing. 

Soil water characteristic curves needed to determine how water is stored and flows in the 

unsaturated waste rock can be made. Large, modified pressure plate cells, capable of holding 

several kilograms of sample, were used to determine the soil water characteristic curves. The 

soil water characteristic curve would permit the relationship between the hydraulic conductivity 

and water content to be determined for the waste rock. 
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1.4 OUTLINE 

Chapter 1 briefly discusses the need for this research and introduces the objectives and research 

methodology. Chapter 2 provides a review of the existing literature pertaining to the physical 

characterization of waste rock piles, the monitoring of waste rock piles and the modelling 

capabilities of numerous waste rock models. Chapter 3 presents the theoretical background 

required to understand the types of waste rock piles and the various processes that influence the 

movement of water within the pile. Backgr~und information specific to the waste rock pile on 

which this research is based is outlined in Chapter 4. Chapter 5 outlines the approach, schedule 

and procedures followed during the field program. Chapter 6 presents the methods involved in 

reducing the data from the field program and conducting the laboratory program. The results of 

the field and laboratory program are presented in Chapter 7. Chapter 8 discusses and interprets 

the results and presents a conceptual model of how water flows and is stored in the waste rock 

pile. Conclusions and recommendations are presented in Chapter 9. 



Chapter 2 Literature Review 

CHAPTER 2 

LITERATURE REVIEW 

2.1 INTRODUCTION 

The flow of water in unsaturated, heterogeneous waste rock piles is poorly understood. Physical 

and hydrogeologic characterization, monitoring of waste rock dumps and numerical modelling 

allows for a better understanding of how water moves in waste rock piles. Field and laboratory 

studies related to the physical and hydrogeologic properties of waste rock piles and the materials 

found within are difficult to find. Characterization of heterogeneous piles, through field and 

laboratory investigation is considered essential for defining the pathways for water movement 

and solute transport. Field monitoring allows inferences to be made regarding the internal 

structure of waste rock piles based on data obtained from monitoring the physical processes 

active in waste rock dumps. Likewise, numerical modelling of the physical and geochemical 

processes active in waste rock piles provides an improved understanding of the relationships 

between the various physical and geochemical processes. Current numerical models for flow in 

unsaturated porous media must be improved in order to describe water flow and solute transport 

in heterogeneous, unsaturated waste rock systems. Field and laboratory characterization and 

waste rock monitoring programs will provide critical data required to further develop and 

validate these numerical models in the future. 

The following chapter provides a review of the literature pertaining to the physical 

characterization of waste rock piles, the monitoring of waste rock piles and the capabilities of the 

various models developed to date. 

Page6 
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2.2 HYDROGEOLOGIC CHARACTERIZATION 

. The characterization of waste rock piles, for the purposes of understanding water flow, involves 

defining the physical dimensions of the pile and determining the physical properties of the waste 

rock material. Defining the physical dimensions involves determining the hydrogeology of the 

waste rock pile which includes the internal structure and or stratigraphy. Defining the physical 

properties includes the hydrogeologic properties which will control how materials store and 

transmit water. 

2.2.1 Hydrogeology of Waste Rock Piles 

An understanding of the hydrogeology of waste rock piles has been required for three general 

areas of research. The movement of leachate solutions in heap leach operations has been 

investigated for some time. Understanding the movement and storage of water is also an 

important factor with respect to the long-term stability of waste piles. Finally, the hydrogeology 

of waste rock piles and the movement of water is important for understanding the generation of 

acid leachate and drainage from sulfide bearing waste rock piles. 

There are many examples in the literature that discuss the heterogeneity of waste rock materials 

and the presence of preferential flow paths. In many instances, these discussions only state that 

there is internal stratification and channeling in waste rock piles. However, very little 

quantitative documentation is found in the literature. There is a lack of field data on the internal 

hydrogeologic stratigraphy of large waste rock dumps. Excavation and drilling are the two 

primary methods used to define the internal stratigraphy and characterize the dump materials. 

The cost for large scale excavations make this method of investigation beyond the budgets of 

most research efforts. As a result, only limited excavations can be performed. The drilling of 

stratigraphic holes has also been attempted in a number of waste rock piles. Drilling in waste 

rock piles, often to install monitoring equipment, is difficult and usually provides only a general 

idea of the type of material present. Representative samples for further physical characterization 

are difficult to obtain using drilling methods. 

Whiting ( 1985) discussed dump hydrology and the physical and chemical factors that affect 

waste rock. Whiting described mine waste dumps as having a high permeability which is 
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reduced over time due to alteration. Dump channeling and stratification are described as 

important features of the hydrogeologic system. The hydrogeologic factors are primarily 

discussed for dump leach operations where various methods of solution application are used. In 

this situation, narrow channeling, which may develop into major water courses, can transport the 

majority of leach solution leaving the bulk of the dump material unleached (Whiting, 1980). 

Stratified zones that develop near or parallel to the dump face resulting from dumping are 

described. These stratified zones may trap leach solutions or result in surface seeps (Whiting, 

1980). 

Robertson and Barton-Bridges ( 1990) outlined many of the acid mine drainage factors relevant to 

waste rock piles. Preferential oxidation and the transport of oxidation products along 

preferential flow paths are described. The development of seepage channels is discussed, 

however the material properties creating the flow paths are not documented. The development of 

columns of reddish brown waste rock surrounded by fresh grey waste rock in piles at La Mine 

Doyon is cited as evidence of the existence of preferential oxidation along these flow paths 

(Robertson and Barton-Bridges, 1990). The lateral movement of seepage is also discussed. 

Lateral movement is thought to result from capillary suction where seepage migrates to areas 

outside the flow paths where evaporation, accelerated by convective air movement, occurs. The 

convective entry of cold air at the base of the pile is also discussed as an important process. The 

movement of warm air is described as a process that can transport water in the vapour phase. 

Venting of water vapor from a waste rock pile at Equity Silver mines is given as an example of 

this process (Robertson and Barton-Bridges, 1990). 

Kent and Johnson (1993) discussed the presence of fine grained layers of mine waste as a 

potential risk factor when developing a risk based evaluation of mine waste dumps. The 

discussion focused on end-dumped constructed coal waste piles built on steep foundation slopes. 

The development of pore water pressure in poor quality fine-grained mine waste which may 

become saturated, in combination with other factors, was cited as a potential source of pile 

failure (Kent and Johnson, 1993). 

Morin, Horne and Riehem (1994) outlined two approaches to characterize the hydrogeology of 

mine dumps. The first method involved internal studies of dump processes through internal 

monitoring. The second method involved monitoring seepage from basal toe ditches which is 
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thought to represent the cumulative effects of the processes active within the dump. The 

monitoring of basal toe ditches is assumed to empirically characterize the dump (Morin et al., 

1994a). The monitoring of basal toe ditches was used, in part, to characterize a waste rock pile at 

the BHP Minerals Island Copper Mine in British Columbia. 

Morin et al. (1994) described dump stratigraphy based on a drilling program conducted on a 

dump at the Myra Falls Operations owned by Westmin Resources in British Columbia. Dump 

materials obtained during the drilling program were found to range from coarse boulders to fine 

waste rock. Fine layers within the pile represent traffic surfaces that were subsequently buried. 

The lowest portion of this pile was found tq contain fine waste rock and wood debris (Morin et 

al., 1994b). 

Schafer, et al. (1994) discussed a permeable rubble zone existing at the base of a waste rock pile 

located at the Golden Sunlight Mine near Whitehall Montana. The existence of basal rubble 

zones, resulting from segregation, is common in angle of repose end-dump constructed waste 

rock piles. 

Diodato and Parizek, ( 1994) investigated the unsaturated hydrogeologic properties of reclaimed 

coal strip mines (Diodato and Parizek, 1994). Nuclear probing techniques were used and the 

spoil material was found to be heterogeneous with respect to density and porosity. Man-made 

zones of compacted material were observed at depth. Water flow was found to occur in the 

unsaturated material in pulses as unsaturated hydraulic conductivities increased (inferred from 

volumetric water contents) by orders of magnitude during infiltration events only to decrease 

again as drainage occurred. It was concluded that acid mine drainage would exit the spoil pile in 

pulses resulting from recharge events. 

Smith et al. ( 1995) released a report on the hydrogeology of waste rock piles. The report was 

prepared based on information from four mine sites: Myra Falls. B.C., Island Copper, B.C., 

Elkview Mine B.C., and Golden Sunlight Mines, Montana. The report focused on the 

hydrostratigraphy of waste rock dumps and the physical properties of the dump materials. Water 

content measurements, temperature distributions and outflow hydrograph data were used as 

indicators of the hydrostratigraphy and flow paths within the pile. Four models were proposed to 

characterize the hydrostratigraphy of waste rock piles depending on the construction methods. 
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Two different flow mechanisms, porous flow and channel flow, are described as flow 

mechanisms that can occur in waste rock piles. Future research programs proposed include a pile 

assembly program, pile monitoring study and a disassembly investigation. 

2.2.2 Physical Characterization and Hydrogeologic Properties 

The characterization of the physical and hydrogeological properties of waste rock is limited in 

the literature. It is possible that the literature currently does not reflect the number of mine sites 

which have conducted some physical characterization work of their waste material and have not 

published the results. It is clear however, that the hydrogeologic characterization of the soil 

water characteristics for unsaturated waste rock is an area that is absent from the literature. 

Pedersen et al. (1966) evaluated the physical properties of spoils resulting from subsurface coal 

mining operations. Bulk density was measured using Troxler nuclear density equipment and the 

modified excavation technique. Moisture characteristics of the mine soils were determined using 

the gravimetric water characteristics of the minus 2 mm material and were then corrected for the 

coarse fraction. The saturated hydraulic conductivity values were determined using a single ring 

infiltrometer. 

Schafer et al. (1994) described the residual saturation ranging from 8 and 12% for waste rock 

found in a waste rock pile at Golden Sunlight Mines. Fine waste rock produced by vehicle 

compaction was found to have a residual saturation ranging from 15 to 20%. Freshly shot waste 

rock was found to have a volumetric water content of less than 6 %. The characterization of 

these moisture retention properties was by field monitoring of water contents within the waste 

rock pile using neutron probe techniques. 

Newman (1995) characterized Equity Silver Waste rock material by determining the grain size 

distribution curve for material ranging from 1000 mm to passing the 74 Jlm sieve. Sample sizes 

up to 330 kg were used in determining the grain size distribution of the material. 

Yazdani-Najafabadi (1995) developed a method for determining the soil water characteristic 

curve for mine waste rock by using the fine fraction of the material. This method avoids the use 

of costly and sometimes cumbersome large pressure plate equipment to determine the soil water 

characteristic curves of coarse waste material. This method is suitable for fine waste rock 
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material (>50% passing 5 mm). A small modified pressure cell was used to determine the soil 

water characteristic curve for the fine fraction. A correction for the coarse fraction is applied to 

the soil water characteristic curve to produce a curve representative of the entire sample. 

Dawson et al. ( 1995) discussed the long term geotechnical stability of mine spoil piles. The 

physical characteristics and hydrogeologic properties are discussed as part of a review of the 

long term processes that affect the waste material and dump stability. Examples of grain size 

distribution curves from several BC mine waste rock dumps are compared. Overburden loads, 

physical and chemical breakdown of rock and erosion processes are discussed. 

2.3 WASTE ROCK PILE MONITORING 

A significant amount of information known about the physical properties and processes in waste 

rock piles has come from interpreting monitoring data. Along with monitoring the processes 

active in the dump, the monitoring processes in waste rock piles also provides the essential data 

required to validate numerical models for flow in waste rock piles. There currently remains a 

need for applicable field measurements to validate numerical models and to determine the long 

term behavior of the waste rock pile (Blanchette M.C., 1992). 

Many mine sites around the world have undertaken efforts to monitor a wide range of parameters 

within waste rock piles. Table 2.1, after Blanchette (1992), illustrates a summary of some of the 

mine sites which have active monitoring programs and lists some of the parameters that are 

commonly measured. The list of parameters currently being measured are parameters that are 

also need to be monitored at future sites. In general, Blanchette (1992) points out that dump site 

evaluation, . site characterization, hydrology/structure, pre-dump instrumentation and waste 

characterization is required for proper characterization of waste rock piles. 

Table 2.1 provides a detailed list of sites and the parameters being monitored. A detailed 

discussion of these programs is beyond the scope of this thesis. Table 2.1 is included however, 

to highlight some of the programs and parameters which are being monitored and to illustrate the 

importance of monitoring programs in characterizing waste rock piles. 
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2.4 WASTE ROCK PILE MODELS 

A number of models have been developed to examine the physical and geochemical processes 

active in waste rock piles. The modelling capabilities need to be improved for water flow and 

solute transport in heterogeneous unsaturated piles. At present, there is a lack of field and 

laboratory measurements that are crucial to the development of a model that addresses the critical 

factors controlling water flow and solute transport. 

Waste rock modelling has been developed in two general areas. The modelling of heap leach 

processes has been developed over the years. The second area involves the modelling of waste 

rock piles to determine the relationship between various processes active in the pile in order to 

predict the potential for acid drainage from the pile. The development of models for acid rock 

drainage purposes has used some of the modelling techniques originally developed for simulating 

heap leach processes. 

Schumate et al. (1969) presented a conceptual model outlining many of the important factors 

involved in the oxidation of pyrite. The model for "pyritic systems" defined the oxidation of 

pyrite as a heterogeneous reaction involving solid, liquid and gas. Acid mine drainage was 

defined as a rate problem and attempts were made to develop expressions to define pyrite 

oxidation rates and to investigate which process was rate limiting. Schumate et al. ( 1969), 

outlined the two important subsystems in the development of a mathematical model; pyrite 

oxidation and oxidation product removal. Many of the important processes involved in the 

oxidation of pyrite were described in developing the conceptual model. 

Morth et al. ( 1972) developed a model of a pyritic system which was used to predict drainage 

flow and acid loads from underground coal mines. This model was based on the framework 

developed by Schumate et al. (1969) (Morth et al., 1972). Oxygen concentration dependent 

reaction kinetics were used. Diffusion through the mine rock was the main oxygen transport 

mechanism. A simple water balance was used for water flow. Although this model was 

developed for acid mine drainage in coal mines, many fundamental processes were outlined in 

the model. Most of the processes considered apply to oxidation in a variety of settings where 

pyrite bearing materials are oxidizing. Nicholson (1992) points out most of the future models are 
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variations and improvements on the fundamental theory presented by Schumate et al. (1969), and 

Morth et al. (1972). 

Cathles and Apps (1975) and Cathles, (1979) presented a one dimensional, finite difference, non

steady state model of the leaching process in low grade copper ore piles. The model divides the 

dump into a number of layers to compute the leach history of the dump. The model uses three 

equations for oxygen balance, heat balance and air convection (Cathles and Apps, 1975). 

Conservation of energy, momentum, and mass are assumed to define the physical components of 

the model. Convection is assumed to be the main transport process supplying oxygen inside the 

dump. Studies of actual dumps lead to the conclusion that convection is the only mechanism 

capable of supplying enough oxidant for the leaching process (Cathles, 1979). In general, the 

model describes mass transfer as the counter current interlocking flow of water and air passing 

through the dump. Flow of water liquid water was assumed to occur downwards along the 

particles due to gravity flow, while air moves upwards as a result of convection. The downward 

flow of water was described using Darcy's law for flow through porous media. An average 

permeability for the entire waste rock pile was assumed. The application rate was used as the 

Darcy velocity for water passing through the dump. 

Although the model described the upward movement of air and downward movement of water, 

unsaturated flow is not considered in this model. The conservation of mass accounts for the 

oxygen consumed as air moves through the pile. The conservation of momentum describes air 

flow and takes into account the buoyant effects of oxygen depletion, increases in air temperature 

and changes in water vapour content (Cathles, 1979). Shrinking core kinetics were used to 

describe the leaching process at the particle level. Individual waste particles were assumed to be 

spherical and uniform and the fraction of copper remaining at any time in a particle was 

calculated in the model. The model included the effects of bacteria because of their ability to 

catalyze the oxidation of ferrous iron to ferric iron. Furthermore, the models assumed ferric iron 

as the dominant oxidant under low pH conditions since its solubility is high and it can diffuse 

more rapidly through the particle than oxygen. The model kinetics also accounts for the 

temperature sensitivity of bacteria by determining when the bacteria become sick (at 50° C) and 

when they are inactive (> 55°C). Copper production, oxygen consumption and heat generation 

rates are predicted by this model. 
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Cathles and Schlitt ( 1980) introduced a two dimensional model based primarily on the one 

dimensional model previously developed by Cathles (1979). The two dimensional model 

attempted to meet the realistic criteria that air convection occurred both in a horizontal and 

vertical direction in leach piles and waste rock piles. The model showed that air must convect 

horizontally through the sides of the dump before vertical movement would occur. Since most 

piles are built on low permeability foundations the vertical entry of air into the pile from the base 

is unrealistic. The horizontal movement of air, which transports oxygen, may cause different 

results from previous modelling efforts which only account for vertical air flow (Cathles and 

Schlitt, 1980). 

Jaynes et al. (1984 a,b) presented a finite difference model based on the Cathles and Apps (1975) 

model. This model simulated the in situ oxidation of pyrite and the leaching of oxidation 

products from reclaimed coal strip mines (Jaynes et al., 1984a). The model includes vertical 

diffusion as the main transport process supplying oxygen through the air filled inter-particle 

voids. Oxygen consumption, from chemical oxidation and bacteria activity, is accounted for in 

the model. Oxygen and ferric iron are both considered in the oxidation of the pyrite. A shrinking 

core model described the oxidation of pyrite in the particles. The activity of the iron-oxidizing 

bacteria is determined based on the energy available and environmental stresses (Jaynes et al., 

1984a). This model included chemical components that account for the precipitation of ferric 

hydroxides (Jaynes et al, 1984a). The neutralization of acid, transformation into reserve forms of 

acidity (weak acids) or leaching by percolating water accounts for the removal of oxidation 

products in this model. 

Jaynes et al. (1984a) assumed·the water content remains constant over time and a simple removal 

mechanism or mixing cell approach was used to describe the transport of solute. The pile profile 

is divided into a number of layers and only vertical movement of water is considered. Within 

each layer, the water is assumed to be homogeneous and completely mixed. The volume of 

water leaving a layer is assumed equal to the volume of water entering a layer because water 

contents remain constant. Water infiltrating in structured pile may penetrate deeply, in some 

places, with little or no interaction with other soil layers. To account for this, infiltrating water is 

partitioned to the layers in proportion to the inverse of the distance separating the layers. It is 

assumed that no interaction between the water and the material occurs while water travels 

between layers. Water leaving a layer is also partitioned between underlying layers. In this way, 
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the flow into a layer from upper layers is based on a greater proportion coming from close layers 

than those farther away. The chemical load leaving a layer is equal to the concentration of 

species in that layer multiplied by the outflow of the layer. The load entering a layer is therefore 

the sum· of the products of the water volume coming from each contributing overlying layer 

multiplied by the concentration in that layer (Jaynes et al, 1984a). 

The model was used to document the importance of many factors including oxygen diffusion, 

oxidation rate of ferrous to ferric iron, bacteria catalysis and the interaction between acid and the 

surrounding material (Jaynes et al. 1984b). Jaynes (1991) used the model to examine the effects 

of pH on bacterial activity and pyrite oxidation within a coal spoil pile. 

Ritchie ( 1977) developed a model to simulate oxidation processes occurring in pyrite bearing 

rock in waste rock piles. In this model, the waste rock pile was assumed to be a uniform slab. 

This model relied on the assumption that the supply of oxygen was limited to diffusion through 

the pore spaces. This assumption is based on investigations conducted on the White's dump 

located at the Rum Jungle uranium mine (Davis and Ritchie, 1986). At this site, the oxidation 

rate at various depths was evaluated based on estimates of the heat source distribution. From 

these results, it was concluded that the diffusion of oxygen was capable of supplying oxygen at a 

rate sufficient to support the oxidation rate (Davis and Ritchie, 1986). Additional assumptions 

in the model included unrestricted bacterial growth and uniform distribution of pyrite in the 

dump (Davis and Ritchie, 1986). This model produced an oxidation front that migrated 

downward from the surface as sulphides were completely oxidized. 

Davis and Ritchie ( 1986) presented a revised model based on the original simplified model 

developed by Ritchie (1977). This model was developed to account for the spatially distributed 

heat source which was not simulated in the first model. The first model simulated a reacted layer 

or zone in the upper portion of the pile with a completely unreacted zone located below. A more 

realistic assumption regarding the transport of oxygen and the distribution of pyrite available for 

oxidation was made to more accurately model the heat source distribution. Shrinking core 

kinetics were used where pyrite on the surface of the particles was assumed to be more accessible 

to oxidation than pyrite minerals located farther inside the particle (Davis and Ritchie, 1986). As 

a result, the transport of oxygen to the oxidation site became a two step process. Oxygen, at 

atmospheric concentrations, is supplied from the atmosphere and transported by diffusion 
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through the pore spaces in the waste rock pile and then subsequently transported by diffusion 

through the particles to the unreacted pyrite. No advective transport term is used in this model. 

The movement of oxygen in this model is considered to be one dimensional (downward) because 

the width of the dump is much greater than the height (Davis, Doherty and Ritchie, 1986). The 

pyrite is assumed to be evenly distributed throughout the spherical particles of equal size. This 

process is assumed to occur by the inward, radial diffusion of oxygen through the spherical 

particles (Davis and Ritchie, 1986). In addition, a thin layer of water is assumed to be present on 

the surface of all the particles. This assumption was made because water was thought to be 

required for the bacteria to catalyze the reaction. As a result, oxygen must also pass through the 

thin film of water. The total sulphate production rate is used as a measure of the pollution load 

in this model (Davis and Ritchie, 1986). Water flow through the pile is not considered in this 

model. The model has been used to provide information on the importance of various properties 

and how they affect the oxidation process. The model was modified in 1987 to include a particle 

size distribution eliminating the assumption that all the particles were of equal size (Davis and 

Ritchie, 1987). 

Pantelis and Ritchie ( 1991) presented a model designed to compare the microscopic oxidation 

rates with the global oxidation rate of the pile by coupling macroscopic oxygen transport 

mechanisms and microscopic particle reaction kinetics. Previous measurements of oxygen 

concentrations and heat source distributions at the abandoned Rum Jungle mine site in Australia, 

revealed that oxygen supply was the rate limiting mechanism (Harries and Ritchie, 1985). 

Before this, most models predicted the oxidation rate of the entire pile based only on the reaction 

kinetics of individual particles using a shrinking core model (Pantelis and Ritchie, 1991 ). In 

doing this, the macroscopic transport processes were being ignored and as a result the oxidation 

rate was highly dependent on microscopic factors such as particle size. 

Models which rely on a shrinking core analysis to predict the overall oxidation rates are sensitive 

to particle size because the oxidation rate is dependent on the diffusing reaction front that 

originates on the outer surface of the particle and moves inward. The model used uniform sized 

spherical particles. Previous models developed (Ritchie, 1977 and Davis and Ritchie, 1986) 

considered oxygen transport as a two step process consisting of diffusion through the air filled 

voids and diffusion through the particles which delivered oxygen to the reaction sites. Models 

developed by Cathles ( 1979) and Cathles and Schlitt ( 1980) use air convection only as the 
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oxygen transporting process. The model developed by Pantellis and Ritchie (1991) combine 

convection and diffusion processes, shrinking core kinetics and heat transport to compare the 

oxidation rates of single particles. These were then compared to the rates of the entire pile when 

macroscopic transport mechanisms were considered (Pantellis and Ritchie, 1991). Water 

movement within the pile was not considered in this model. 

Broughton and Robertson ( 1991) outlined a conceptual model which was introduced to provide a 

framework for the development of a mathematical model to predict the leachate quality from acid 

generating waste rock piles. A series of linked reactors is used to describe the generation and 

drainage processes that occur within a waste rock pile. Local reactors are used to describe the 

oxidation and acid generation that occurs at various initiation sites within the pile. Flow path 

reactors are used to describe the flow of drainage and migration of contaminants through the 

waste rock as well as describing the generation of acid along the flow paths. The mixing of 

contaminants in surface flow along the base of the waste rock pile and subsurface contaminant 

migration is described by surface and subsurface flow reactors respectively. Each reactor may 

have a mathematical model, laboratory tests and field data to help understand the processes and 

calibrate the model. A geostatistical approach, similar to that used in ore body modelling, was 

also proposed to address the heterogeneity within a pile (Broughton and Robertson, 1991). This 

approach can be used to determine the probable distribution of key modelling parameters 

required to characterize the physical and geochemical distribution within the pile. Broughton 

and Robertson ( 1991) place significant emphasis on proper physical and geochemical 

characterization of waste rock piles as a framework for future mathematical modelling. 

Gibson et al. (1994) introduced a simple analytical model to examine the effect of the intrinsic 

oxidation rate (i.e. rate of oxygen consumption at each point in the dump) on the overall 

oxidation of the dump. This model was verified by a one dimensional numerical model to 

determine the movement of the oxygen concentration profile and to examine the evolution of the 

sulfate loading from the base of the pile (Gibson et al., 1994). The dump is always assumed to be 

homogeneous and oxygen penetrates into the dump by diffusion. The analytical model assumes 

that the intrinsic rate of oxidation is independent of the concentration of oxygen and sulfur (i.e. 

oxidation rate only drops if oxygen concentration is less than 1% ). The rate of oxygen 

consumption at any point in the dump has a finite value and as a result, oxidation occurs in zones 

whose thickness is dependent on the intrinsic oxidation rate (Gibson, et al., 1994). The oxidation 
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zones move progressively deeper in the pile as the material above becomes inert. A low intrinsic 

oxidation rate produces a thick oxidation zone that has a slow overall oxidation rate which 

remains constant for long periods of time. Pollutant loads are comparatively low. A high 

intrinsic oxidation rate produces a thin zone with a high overall oxidation rate but decreases 

rapidly over time. Gibson ( 1994) attempted to account for water infiltration in the model to 

examine the influence that the intrinsic oxidation rate has on the contaminant load in dump 

drainage. In general, water is assumed to move at a constant rate downward and sulfate is 

flushed from the location where it is produced to the base of the pile. 

Morin and Hutt ( 1994) present a simplistic empirical model to approximate the water quality 

seeping from waste rock piles. They propose an empirical "fitting" factor be used with 

mathematical equations to predict future water chemistry (Morin and Hutt, 1994). This is based 

on the fact that only limited knowledge of the physical and geochemical aspects of piles and the 

complex hydrogeological systems within them is available. The empirical approach proposed is 

based on several factors. The first factor important to the model is the geochemical production 

rates of metals, nonmetals, acidity and alkalinity from a unit weight of rock· under a variety of 

conditions. The model ignores the coarse grain size fraction in predicting the reactive surface 

area per unit weight. This is conservative and allows for the use of production rates from 

laboratory kinetic tests to be used to represent the entire pile. The remaining factors all deal with 

the flow of liquid water and the associated flushing of oxidation products from the pile. The 

volume of infiltrating water and the time between infiltration events is considered. An 

infiltration factor determined on the basis of local climatic monitoring together with the 

minimum amount of precipitation to initiate infiltration is used to convert daily precipitation into 

infiltration (Morin and Hutt, 1994). Climatic data is used to determine the elapsed time between 

infiltration events. The residence time within the pile is assumed equal to the elapsed time 

between infiltration events. This assumption is justified on the basis of monitoring the toe 

ditches. The average residence time is calculated as the time interval between and the maximum 

flow in the ditch. The final factor deals with the percentage of rock surfaces that are flushed by 

water flow. This issue arises from the fact that preferential flow paths can develop in waste rock 

piles. This is a complex factor which cannot be measured and is empirically determined (Morin 

and Hutt, 1994). Generally, 5 to 20% of the rock is estimated to be flushed by infiltration events 

(Morin and Hutt, 1994). 
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Scharer et al., (1994) introduced a numerical model to simulate the generation of acidic drainage 

in waste rock piles. The theoretical basis for this model was previously outlined by Scharer et al. 

(1994 ). Equations for sulfide oxidation, oxygen transport, enthalpy (temperature) transport, pH, 

aqueous speciation and precipitation reactions are included (Scharer et al., 1994). The model is 

capable of handling events in time such as regrading, installation of a cover, or the placement of 

additional lifts. These occurrences are handled by changing the model parameters for 

infiltration, mineralogy, oxygen diffusion coefficients or water content (Scharer et al., 1994 ). 

Individual equations for the chemical oxidation and biological oxidation of sulfide minerals exist 

in the model. The chemical oxidation rate is dependent on the pyrite/pyrrhotite content whereas 

the biological rate is highly dependent on pH and becomes dominant at pH of less than three 

(Scharer et al., 1994). 

A fine or coarse grained waste rock classification will effect the specific reaction rate and the 

specific surface area equations for the model proposed by Scharer et al. (1994). The model uses 

shrinking particle kinetics to model fine particles while coarse particles are modelled ~sing a 

shrinking reactive front method. The transport of oxygen to the oxidation front in this model is 

assumed to occur through a film of water and ferric hydroxide reaction products. A shrinking of 

the reaction front occurs as the sulfides are being oxidized. Oxygen is assumed to be transported 

through the void spaces by molecular diffusion in this model. The advective transport of oxygen 

in flowing water is thought to be negligible (Scharer et al.,1994). To account for convective 

transport in this model the effective diffusion coefficient is substituted by an effective dispersion 

coefficient. Temperature is calculated using an enthalpy balance that is evaluated by changes in 

temperature resulting from sulfide oxidation. 

Scharer et al. (1994) assumed water to enter the pile and flow downwards and exit as seepage. 

The model uses a mixing cell approach to handle the movement of aqueous species in water. 

The movement of water and the transport of aqueous species through the layers in the model is 

determined using material balances (Scharer et al., 1994). Total acid production for the entire 

waste rock pile is calculated from the acid production flux in the lowest layer of the model. The 

acid flux is assumed to exit the pile allowing for the running average of total acidity to be 

calculated (Scharer et al.,1994). 
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Eriksson and Destouni, ( 1994) developed a model which takes a stochastic-advective approach 

to modelling field-scale transport of weathering products in a waste rock pile. This approach was 

chosen so the model would be able to account for the heterogeneous nature of waste rock piles. 

This modeling was developed from previous modelling efforts using a stochastic - advective 

approach to model solute movement in heterogeneous materials (Destouni et al., 1994, Destouni 

and Cvetkovic, 1991, Destouni, 1992a, Destouni, 1992b, Shapiro and Cvetkovic, 1988, Dagan et 

al., 1992). This method is based on the assumption that the field scale spreading of solute is 

primarily due to of variability in solute advection between different stream tubes. Local 

dispersive effects are ignored. For unsaturated conditions, the material is viewed as consisting of 

a number of stream tubes that define the local pore water velocities (Destouni, 1992b ). Soluble 

weathering products are transported along these stream tubes by an advective dominated process. 

The ability to consider preferential flow paths in the waste and to handle a wide range of model 

parameters was a primary focus of the model proposed by Eriksson and Destouni (1994). Water 

in the model is considered to flow in a downward direction under steady state conditions. 

Equations in the model have been formulated to calculate the change in concentration that results 

from the weathering process. The equations consider the reaction rate (amount of aqueous phase 

species which are produced over time and unit area of reacting interface) and the specific 

reactive surface area per unit volume of the primary oxidizing mineral. The specific surface area 

is a function of the primary mineral content and will vary with time as weathering proceeds 

(Eriksson and Destouni, 1994). The chemical dissolution equations account for the water 

residence time in an individual stream tube and the flow of water per unit cross-sectional area. 

The flow of water in a heterogeneous waste rock pile is handled by considering the pore water 

velocity as a random variable because of the lack of field measurements of actual pore water 

velocity. Normally the pore water velocity is determined by the hydraulic properties of the 

material (Destouni, 1991). This results in the water residence time also becoming a variable as it 

is a function of the total height of the waste rock pile and the pore water velocity (Eriksson and 

Destouni, 1994). A probability density function is used in this model to define the water 

residence 
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time. Depending on the situation being modelled a uni-modal, bi-modal or multi-modal 

distribution function can be chosen. A bi-modal distribution of water residence times, for 

example, is used to account for water fluxes in slow flow paths and fast flow paths. This allows 

for the effects of preferential flow paths on the solute flux to be examined. Since the solute mass 

flux, which is dependent on the water residence time, becomes a random function of the random 

water residence time. Evidence for the existence of preferential flow paths has been documented 

by double or multipeaked solute plumes in the field (Eriksson and Destouni, 1994). The concept 

of preferential flow paths suggests that a large percentage of water flow occurs in a small portion 

of the waste rock pile. 

Lefebvre and Gelinas (1995) developed a model to represent the major processes involved in 

acid mine drainage in waste rock piles. The development of this model is based on a model 

called TOUGH2 developed by Pruess (1991) and is termed TOUGH AMD. The TOUGH2 

model was developed primarily for reservoir engineering, nuclear waste disposal and unsaturated 

zone hydrology applications (Pruess, 1991). The model uses equations, in which mass and 

energy are balanced. Modifications to the TOUGH2 model were made to address oxygen and the 

oxygen mass fraction in air. There are four components in the model. Three mass components: 

water, gases other than oxygen in air, and oxygen and one energy component; heat, are 

considered in this model (Lefebvre and Gelinas, 1995). Hydrology, gas transport, heat transfer, 

geochemical and mass transport are the main processes considered in the model. 

Hydrologic processes such as variable infiltration from the surface and unsaturated and saturated 

liquid water flow in the dump can be modeled (Lefebvre and Gelinas, 1995). Gas transfer 

resulting from convection under pressure or temperature gradients as well as diffusion due to 

concentration gradients are considered in the model. Conduction, fluid advection and gas 

diffusion are included when modelling heat transfer (Lefebvre and Gelinas, 1995). The effect of 

phase changes on heat transfer and heat losses to confining beds can also be calculated. A 

shrinking core model is used to model the oxidation of waste rock particles. This model uses 

only oxygen as the effective oxidant in order to avoid the calculation of leachate speciation 

required if ferric iron is also considered as an oxidant. The reaction core model allows for 

oxygen and pyrite consumption and the rate of heat and sulphate production to be calculated. The 

advective transport of sulphate and the mass accumulation within the dump and the mass 

released from the dump can be calculated (Lefebvre and Gelinas, 1995). 
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The model proposed by Lefebvre and Gelinas (1995) uses sulfate to represent ARD production. 

Darcy's law for multiphase saturated or unsaturated flow describes the advective mass flux of a 

liquid or gas. Individual fluxes are defined by a multiphase version of Darcy's law as follows: 

where: 

k = 

kr~ = 
Jl~ = 
p~ = 

kr~ 
F~ = -k- p~ (VP~- p~g) 

ll~ 
(2.1) 

absolute permeability, 

relative permeability of phase ~' 

is viscosity, and 

is the pressure in phase ~ which is the sum of the pressure P of a reference phase 

and the capillary pressure Pc relative to the reference phase (P~ = P + Pc) 

(Pruess, 1991). 

Absolute permeability, sometimes referred to as specific permeability, refers to the permeability 

with one fluid present at 100 percent saturation. When a second or third phase is introduced, the 

permeability of each phase at saturations less than 100% are called the effective permeability. 

The relative permeability is the ratio of the effective permeability for a particular fluid at a given 

saturation to a base permeability. For example, a base permeability of absolute water 

permeability may be used. In the above equation, the absolute permeability is multiplied by the 

relative permeability to calculate the effective permeability of phase ~ at a given saturation. 

Relative permeability versus saturation curves can be produced. The shapes of the relative 

permeability curves are a function of the fluid distribution which in tum is a function of 

saturation history, pore geometry, lithology and wetting characteristics. (Amaefule and Kersey, 

1988). 
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Capillary pressure exists whenever two immiscible phases are present and is defined as the 

pressure drop across the curved liquid interface as follows: 

Pc = 2T£ cos a (2.2) 
r 

where; 

Ts = is the tension, 

a = contact angle, and 

r = radius of capillary tube or pore. 

In unsaturated soil mechanics, the pressure difference across the curved surface is referred to as 

matric suction (ua- Uw) where the difference between pore air and pore water pressures act across 

the interface or contractile skin. Unsaturated soil theory is discussed in more detail in Chapter 3. 

This model has been used to study the physical processes involved in ARD production in waste 

rock piles and examine the effects of various remediation strategies on ARD production. 

2.5 SUMMARY 

The modelling of acid rock drainage in waste rock piles has been approached in a variety of ways 

by a number of researchers. Many of the models have been valuable in understanding the 

important properties and the relationships between the interactive processes in waste rock piles. 

The capabilities to model, oxygen transport and consumption, hydrogeology and solute transport, 

heat transport and geochemical process vary among the various models however no 

comprehensive model exists to date. 

The models lack the ability to predict the onset of acid drainage and the resulting solute 

concentrations delivered to the environment. A key limitation is a result of the lack of 

knowledge about the hydrogeology of waste rock piles and how water flows and transports the 

oxidation products. Further research therefore, is required to better understand the processes 

involved in solute transport in unsaturated heterogeneous systems. The model developed by 

Lefebvre and Gelinas (1995) appears to be the only model examining multiphase saturated and 

unsaturated flow in waste rock piles. In addition, field and laboratory measurements to validate 

existing and future models is still lacking. 
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The specific contribution of this thesis to the earlier work previously discussed is as follows: 

1. To document the internal structure and moisture distribution in a large waste rock dump. 

This data provides valuable field data for the validation of future modelling efforts. In 

addition, this data represents the initial step in defining the hydrogeology of a waste rock 

pile. 

2. To determine the unsaturated hydrogeologic properties of the various waste rock materials. 

The hydrogeologic properties of the material, along with the internal structure, will control 

how water is stored and transported in the unsaturated waste rock pile. 

3. To develop a conceptual model to explain how water is stored and transported in a 

heterogeneous, unsaturated waste rock pile. This model is based on the internal structure, 

the unsaturated hydrogeologic properties and existing unsaturated flow theory. 
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CHAPTER 3 

THEORETICAL BACKGROUND AND PHYSICAL PROCESSES 

3.1 INTRODUCTION 

A review of the literature pertaining to the physical characterization of waste rock piles, the 

monitoring of waste rock piles and the capabilities of the various models developed to date is 

presented in Chapter 2. This chapter is intended to provide the theoretical foundation for an 

understanding of waste rock piles and the processes found within them. The theoretical 

background in this chapter supports the subsequent analyses and discussions presented in this 

thesis. 

The configuration and construction of waste rock piles along with weathering processes have 

significant impacts on the hydrogeology and water flow in waste rock piles. An understanding of 

water flow in unsaturated porous material is critical because the majority of waste rock piles are 

unsaturated. In examining water flow in waste rock piles, it quickly becomes apparent that any 

discussion of water movement must take into account other processes within the pile which 

influence water flow. These processes include the generation and movement of heat, the flow of 

air and oxygen, and the movement of water both liquid and vapour. 

3.2 WASTE ROCK PILE CLASSIFICATION 

Prior to any discussions on the processes and mechanisms active in waste rock dumps it is 

important to briefly introduce the various waste dump configurations and construction methods 

commonly found in the mining industry. The two main factors used to characterize a waste rock 

pile are the geometry or configuration and the methods used to construct the pile (Couzens, 

1985). The configuration of a waste rock piles is strongly dependent on topographic location. In 

general, there are five types of waste rock piles classified on the basis of topographic controls. 

Page 26 
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The configuration of the waste rock piles built in these general topographic settings can differ 

depending on additional factors such as construction methods, equipment, material 

characteristics and environmental considerations. Taylor and Greenwood (1985) state that waste 

rock piles can be classified as one of the following types: 

I. valley fill, 

2. cross valley, 

3. side valley, 

4. ridge, or 

5. heaped. 

Figure 3.1 illustrates the various classifications based on waste rock pile configuration. 

Two methods of construction are commonly used to build valley fill waste rock piles. Waste rock 

can be end-dumped from the upstream end of the valley. This type of construction builds the pile 

progressively downstream by dumping along the down stream face (Taylor and Greenwood, 

1985). Alternatively, the pile can be constructed by material dumped in horizontal lifts starting 

at the toe of the pile. This type of construction produces a pile which is built vertically and 

progressively moves up the valley by successively adding material on top of previous lifts. An 

unusual form of valley fill dump configuration is the free flowing pile which sometimes occurs in 

areas of muskeg or permafrost where waste material continually flows down a canyon or valley. 

The flow occurs as a result of instability of the underlying muskeg or permafrost foundation as 

the load increases during pile construction (Couzens, 1985). 

The configuration of waste rock piles, built in either a valley-fill or side-hill setting, are 

sometimes referred to as a high wedge dump (Couzens, 1985). The downstream slope in these 

piles may range from 300 ft. to 2000 feet in length. These types of piles can have large capacity. 

Side valley type waste rock piles are built along the side of a hill or valley. A side valley type 

pile may be constructed along the side of a valley wall if it does not cross the valley. If it does, 

continued construction will produce a valley fill waste rock pile (Taylor and Greenwood, 1985). 

This type of waste rock pile is common at mine sites located in areas of high relief. 

Cross valley waste rock piles are not common. This type of structure is built across the valley 

but does not fill the valley. 
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Figure 3.1 Classification of waste rock piles on the basis of configuration 
(Taylor and Greenwood, 1985). 
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A ridge type pile is built if the material placed straddles the crest of a topographic high. Waste 

rock material does not extend along the side of the topographic high. If waste rock material does 

extend outward past the crest of the topographic high, the ridge pile will then have the 

characteristics of a side valley waste rock pile. 

The construction of heaped waste rock piles occurs in areas with flat or very gently undulating 

terrain (Taylor and Greenwood, 1985). Vertical construction from a topographical flat surface 

produces a heap type of waste rock pile. These types of piles may cover large areas. Haul 

distances and property considerations generally control the lateral extent of the pile. 

Construction of the pile to higher levels occurs when haul distances become too far or when 

property considerations restrict the lateral extent of construction. The successive lifts of material 

on these types of piles will produce a laminated dump with each lamination defined by an 

individual lift of material (Couzens, 1985). Lifts can range from 6 to 60 m depending on the type 

of equipment used for construction. The material is generally cross-bedded between lifts as a 

result of material flowing down the dump face as the lift progresses. Trucks, trains, scrapers, 

conveyors may all be used to construct these types of piles and each construction method will 

result in a variation in the configuration and structure of the dump (Couzens, 1985). 

A modification of the waste rock piles just described, is referred to as a terraced dump. This type 

of configuration is produced in several ways. The wrapping of a lower dump around a 

previously constructed higher dump will produce a terraced dump. A terraced dump will also be 

constructed if construction of a higher elevation dump stops short of the crest of a lower dump. 

In this case the lower dump is completely overlain by the higher elevation dump thus leaving a 

terrace. The configuration produced by these methods is a stepped or terraced surface with flat 

platform levels at different elevations (Couzens, 1985). 

3.3 WEATHERINGOFWASTEROCK 

An understanding of the physical and chemical weathering processes that occur in waste rock 

piles is important. Physical and chemical weathering processes change the hydrogeological and 

geochemical properties of the waste rock. 



Chapter 3 Theoretical Background and Physical Processes Page 30 

3.3.1 Physical Weathering 

Physical weathering is the breakdown of the rock particles with no change in chemical 

composition and occurs before and after placement of waste rock into the waste rock pile. 

Natural and man-made processes can cause the breakdown of the waste rock material. Table 3.1 

summarizes the physical processes involved in the breakdown of rocks (Dawson et al., 1995). 

Handling, transportation, placement, high stresses in the dump, freeze thaw action, confining 

stress relief, wetting, capillary action, swelling clays and crystal growth are all processes which 

can lead to the physical breakdown of the waste rock. The susceptibility of the waste rock to any 

of these processes depends on the physical and mineralogical characteristics of the waste rock. 

The products of breakdown can be divided into three levels of durability. These are (Dawson et 

al., 1995): 

1. durable, no breakdown 

2. non-durable, breaks down to slabs and small rock fragments 

3. non-durable, breaking down to soil particles. 

The materials produced from types 1 and 2 will produce materials that are free draining whereas 

type 3 materials will retain moisture or exhibit capillarity (Dawson et al., 1995). 

3.3.2 Chemical Weathering 

Chemical weathering in waste rock piles is an important form of weathering and the breakdown 

of the waste rock material. Not only is chemical weathering responsible for changing the 

physical properties of the waste rock material over time, it is also responsible for changing the 

geochemical nature of the material. As a result of these chemical changes, pore water within the 

pile and seepage that may occur from waste rock piles may have detrimental effects on the 

surrounding environment. The chemical weathering of waste rock material and the leaching of 

the associated products to the environment is a major concern to the mining industry. 
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The following is a general discussion of the chemical weathering processes thought to be 

prominent in the waste rock pile environment. 

Chemical weathering is defined as the chemical reactions between rocks and minerals and the 

constituents of air and water occurring at the earth's surface (Levinson, 197 4). Low 

temperatures and pressures as well as the presence of oxygen, carbon dioxide and water results in 

very different conditions when compared to the deep seated primary environment from which the 

rock was extracted. Mining activities remove rock from the deep environment and places it in 

the secondary environment at the earth's surface. Minerals including both sulfides and silicate 

minerals are no longer in equilibrium with the environment and undergo chemical changes to 

reach equilibrium with the new environment. The general order of resistance to chemical 

weathering of rock forming minerals is defined by Levinson ( 197 4) as follows: 

oxides> silicates> carbonates and sulfides. 

In general, the chemical weathering of sulfide minerals by the oxidation processes has been the 

focus of many research efforts because of its primary importance in acid generation. All 

chemical weathering processes involving waste rock can change the physical and hydrogeologic 

characteristics of the waste rock material over time. A chemical process may not result in the 

generation of .acid but may have significant impacts on hydrogeologic properties of the material. 

The change in physical and hydrogeologic properties of the material can affect the seepage and 

solute transport processes. 

Chemical weathering at the earth's surface primarily involves four main processes: ionization, 

the addition of water and carbon dioxide, hydrolysis and oxidation (Levinson, 1974). The 

chemical reactions involved in chemical weathering are complicated by the fact that many of 

these processes also involve physical and biological processes. Physical weathering may increase 

chemical weathering processes by increasing the surface area. 

The resistance to weathering for igneous rocks follows very closely the order of crystallization in 

the Bowen's reaction series. Figure 3.2 illustrates the Bowen's reaction series. The Bowen's 

reaction series describes the crystallization sequence for common igneous rock forming minerals. 

For sedimentary rock types, the minerals have been subjected to a cycle of weathering during 

their deposition and tend to be more resistant to chemical weathering. Secondary minerals 
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formed in the sedimentary rocks such as carbonates and sulfides tend to be more susceptible to 

chemical weathering (Dawson, 1995). 

Olivin~ Ca-ri;,!!.-plagioclase 

Orthopyroxene Ca-Na plagioclase ..... ~ 
Clinopyroxene Na-Ca plagioclase 

'J\amph~e.. / 

Biotit~a ri;!J plagioclase 

decreases 

stability under weathering 

K-Tldspar 

M1covite 

increases Quartz 

Figure 3.2 Bowen's reaction series for the igneous rock-forming minerals (Battey, 1981) 

Mafic minerals, for example, tend to be early forming mineral (high temperature) and as a result, 

the elements present in mafic minerals become mobilized much earlier in the weathering 

processes. The weathering of silicate minerals is primarily due to the hydrolysis process 

(Levinson, 1974). This process occurs when ionic species Wand OH- become incorporated into 

the structure of minerals as a result of the reaction between water and the ion of a weak acid or a 

weak base. The following reaction illustrates the hydrolysis process. 

Fe2Si04 + 4H20 ------- 2Fe +2 + 40H- + H4Si04 pH= 7 (3.1) 

Water can readily attack silicate minerals, especially when reinforced with additional s+ 
common in sulfide bearing waste rock piles. The hydrolysis process has been found to be a 

dominant weathering process in rocks naturally situated near sulfide bearing veins where strong 

acids are being formed (Levison, 1974). 
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Although hydrolysis may, under certain conditions, be an important weathering process it is 

oxidation that is the dominant weathering process responsible for the generation of acid which 

can have deleterious impacts on the environment. An understanding of the oxidation process is 

therefore important to mining companies that construct sulfide bearing waste rock dumps. 

Rock is generally found in a reducing environment if it has been isolated from the earth's 

surface. As a result, most iron is in the ferrous (Fe +2
) state. When the rock is exposed to 

weathering processes at the earth's surface the ferrous iron is no longer stable and will tend to 

oxidize to the ferric state. Compounds that contain iron in the ferrous state are usually green in 

color while compounds containing iron in the ferric state are brown or red (Levinson, 1974). 

Ferric oxides are common in zones of oxidation and are generally found in several forms. Fe203 

(hematite) the anhydrous form of ferric oxide and two hydrated forms FeO(OH), lepidocrocite 

and goethite are most common (Levinson, 1974). Lepidocrocite and goethite along with clay and 

some impurities are the components of limonite. The chemical equations for oxidation are 

similar to those for hydrolysis, but ferrous iron becomes oxidized as part of the reaction.~ In 

natural conditions, oxidation is generally accompanied by hydrolysis and, in many cases, by 

hydration and carbonization because C02 is usually present in weathering environments. The 

oxidation of iron, during natural weathering, occurs in many iron bearing minerals including the 

most complex silicates. 

Manganese, in manganese bearing minerals, oxidizes in a manner very similar to iron. 

Manganese in the manganous state (Mn +2) commonly oxidizes to the manganic state (Mn +4) 

resulting in the eventual oxidation product Mn02 (pyrolusite). All forms of Mn02 are black 

colored (Levisnosn, 1974). 

The oxidation of sulfur in sulfide bearing waste rock receives the most attention because it may 

result in harmful effects to the environment. Sulfide (the reduced form of sulfur, s-2
) minerals 

are common minerals in waste rock. Pyrite is one of the most common sulfide minerals found in 

ore and waste rock. In the case of pyrite (FeS2), both iron and sulfur are oxidized and pyrite 

weathers easily in the natural environment. One of the products of the oxidation of sulfide 

minerals in waste rock is sulfuric acid. This results in the production of acidity and elevated 

concentrations of sulphate and metals. If effluent leaves the waste rock pile as acid rock 
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drainage (ARD) the high metal concentrations in the contaminated effluent can have deleterious 

effects on the environment. Environmental standards attempt to address this issue and as a 

result, mining companies spend large financial and technical resources to meet environmental 

guidelines. 

In discussing the oxidation of sulfide minerals and ARD, sulfide minerals are commonly 

represented by pyrite because it is the most common form of sulfide mineralization in waste rock. 

For discussion purposes, pyrite will also be used here. Although pyrite is used, other sulfide 

minerals may contribute to ARD. Any crystalline substance that contains sulfur combined with a 

metal or semi-metal but with no oxygen is termed a sulfide mineral (Steffen, Robertson and 

Kirsten et al., 1989). Table 3.2 outlines some of the common sulfide minerals and the oxidation 

products produced. 

Water or humidity and oxygen are critical for the generation of acid from the oxidation of sulfide 

minerals. The exclusion of absolutely all water or oxidant will stop acid generation (Steffen, 

Robertson and Kirsten et al., 1989). The following reactions best illustrate the oxidation of 

sulfide minerals represented here by pyrite. 

(3.2) 

The above equation illustrates how the mineral solid, when combined with oxygen (gaseous) and 

water, produces ferrous iron, sulphate and W in water. The products of this reaction represent an 

increase in total dissolved solids and acidity. If the water is not neutralized, the increase in 

acidity will result in a drop in the pH (Steffen, Robertson and Kirsten et al., 1989). In an 

oxidizing environment the ferrous iron will oxidize to ferric iron. 

(3.3) 
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Table 3.2 

Mineral 

Pyrite 
Marcasite 
Pyrrhotite 
Smythite, Greigite 
Mackinawite 

· Amorphous 
Chalcopyrite 

Chalcocite 
Bornite 

Arsenopyrite 

Realgar 
Orpiment 
Tetrahedrite and 

Tennenite 
Molybdenite 

Sphalerite 
Galena 
Cinnabar 
Cobaltlte 

Nlccolite 

Pentland ita 
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Summary of common sulphide minerals and their oxidation products 
(Steffen, Robertson and Kirsten et al., 1989). -

Composition 

Fe 5 2 
FeS2 

Fe, .. s 
Fe,s. 
FeS 
FeS 
CuFeS2 

CUzS 
Cu,Fes. 

Fe AsS 

AsS 

~' Cu,2(Sb,As).S,3 

MoSz 

ZnS 
PbS 
HgS 
CoAsS 

NIAs 

(Fe,Ni).S1 

Aqueous End Products 
of Complete Oxidation• 

Fe,., so.2-. w 
Fe,., SO. z., H• 
Fe,., so.2·, W 
Fe,., so.2·, H. 
Fe,., sot. w 
Fe,., SO. 2-, H• 
Cu2•, Fe,., so.z-, H• 

Cu2
·, so.2-. ~ 

Cu2
•, Fe,., SO/, H• 

Fe,., Aso.•, so.a-. H. 

AsO.•. so • .,., H. 
Aso:. so • .,., H. 
c~+, s~. Aso:. so. a-. w 
Moo • .,., so • .,., H. 

Zn2•, SO • .,., H• 
Pb2

•, S0
4
.,., H• 

Hg2
•, SO/,~ 

Co2
•, Aso:. SO/, H• 

NjZ+, Aso:. so • .,., ~ 

Fe,., NJZ+, so • .,., ~ 

Possible Secondary Minerals Formed at 
Neutral PH After Complete Oxidation and Neutrallzatlonb 

Ferric hydroxides and sulphates; gypsum. 
Ferric hydroxides and sulphates; gypsum. 
Ferric hydroxides and sulphates; gypsum. 
Ferric hydroxides and sulphates; gypsum. 
Ferric hydroxides and sulphates; gypsum. 
Ferric hydroxides and sulphates; gypsum. 
Ferric hydroxides and sulphates; copper hydroxides and 
carbonates; gypsum. 
Copper hydroxides and carbonates; gypsum. 
Ferric hydroxides and sulphates; copper hydroxides and carbonates; 
gypsum. 
Ferric hydroxides and sulphates; ferric and calcium 
arsenates; gypsum. 
Ferric and calcium arsenates; gypsum. 
Ferric and calcium arsenates; gypsum. 
Copper hydroxides and carbonates; calcium and ferric 
arsenates; antimony materials; gypsum. 
Ferric hydroxides; sulphates; molybdates; molybdenum 
oxides; gypsum. 
~ hydroxides and carbonat~s; gypsum. 
Lead hydroxides, carbonates, and sulphates; gypsum. 
Mercuric hydroxide; gypsum. 
Cobalt hydroxides and carbonates; ferric and calcium 
arsenates; gypsum. · 
Nickel hydroxides and carbonates; ferric, nickel and 
calcium arsenates; gypsum. 
Ferric and nickel hydroxides; gypsum. 

• lntennediate species such as ferrous iron (Fe~ and S20t may be important 

b Depending on overall water chemistry, 01her mlnends may form with, or instead of, the minerals listed here. 
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At pH above 2.3 to 3.5 the ferric iron will precipitate as ferric hydroxide resulting in very little 

ferric iron remaining in solution. Precipitation of ferric iron may occur in the waste rock pile or 

during transportation to the surrounding environment. In addition any Fe +3 that does not 

precipitate may oxidizing pyrite directly as follows: 

FeSz + 14Fe+3 + 8H20 ----~ 15Fe+2 + 2S02
- +16 H+ (3.4) 

In summary, the above three reactions show that two moles of acid are produced for every mole 

of pyrite that is consumed (Jaynes et al., 1984). 

Microbial activity accelerates the oxidation of ferrous iron to ferric iron. Under optimum 

conditions microbial assisted oxidation of pyrite is several orders of magnitude greater than 

oxidation rates due to chemical oxidation (Knapp, 1987). Under low pH conditions, the 

solubility of ferric iron increases and as a result it is capable of diffusing more rapidly into the 

waste particle interior than is oxygen. In some cases, the ferric iron may become the dominant 

oxidant at low pH (Cathles, 1979). This process is an important component in the oxidizing of 

sulfide minerals below the surface of waste rock particles. 

3.4 ACID GENERATION IN WASTE ROCK PILES 

Acid generation in waste rock piles is a result of a number of complex chemical and biological 

components. These factors all influence the rate of acid generation. 

The important chemical factors that can affect the rate of acid generation are: (Steffen, Robertson 

and Kirsten et al., 1989) 

1. pH, 

2. temperature, 

3. the oxygen concentration of the gas phase, 

4. oxygen concentration of the water phase, 

5. degree of saturation (water), 

6. chemical activity of Fe+3
, 

7. surface area of exposed sulfide minerals, and 

8. chemical activation energy needed to begin acid generation. 
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Bacteria can affect the rate of acid generation by increasing or decreasing some of the chemical 

rates listed above. The important factors that control the bacterial activity and affect the 

chemical factors listed above are: (Steffen, Robertson and Kirsten et al., 1989) 

1. biological activation energy, 

2. population density, 

3. population growth, 

4. concentration of nitrate, 

5. concentration of ammonia, 

6. concentration of phosphorous, 

7. carbon dioxide content, and 

8. the presence and abundance of bacterial inhibitors. 

The production of acid as a result of the oxidation of sulfide minerals found in the waste rock 

pile may or may not lead to the problem of acid drainage at a mine site. The products of acid 

generation may be flushed away by seepage moving through the pile. When water movement is 

low however, the products of acid generation may accumulate within the pile remaining 

accessible for subsequent transportation if flushing occurs. In addition, alkalinity released from 

carbonate minerals such as calcite or dolomite can neutralize acid. 

The production of bicarbonate and carbonic acid (HC03-and or H2C03°) from the most common 

mineral, calcite (CaC03), consumes acid as follows: (Steffen, Robertson and Kirsten et al., 

1989) 

CaC03 + H+ ----~ Ca2+ + HC03-

and 

CaC03 + 2~ ---~ Ca2+ + H2C03 ° 

(3.5) 

(3.6) 

The neutralization by acid consuming minerals will remove a portion of the acidity and iron from 

solution and as a result, raise the pH. Sulphate concentrations however are not changed by 

neutralization. As a result, sulphate is a good indicator of acid generation even if neutralization 

by some acid consuming minerals is occurring. 

During the early stages of acid production, the small amount of acidity produced may be 

completely neutralized by calcium carbonate minerals. This process may keep the pH greater 

than seven for solutions passing across the waste rock material (Steffen, Robertson and Kirsten et 
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al., 1989). As the calcium carbonate is consumed and acid generation continues, the pH begins 

to decrease which promotes acid drainage. Theoretically, the drop in pH should occur in a step 

like manner. The steps are a result of the dissolution of a neutralizing mineral that becomes 

soluble at the pH of the individual plateau or step. The removal of all neutralizing potential 

results in a pH below 3. At this pH, the full potential of the chemical and biological factors 

become active. These stages may occur over days, months, years or even centuries and the time 

scale is a function of the factors required for acid generation and drainage material (Steffen, 

Robertson and Kirsten et al., 1989). At some point in the future, all reactive sulfide minerals 

will oxidize and the rock will become inert. 

The alteration of oxidation products by ion exchange reactions on clay surfaces, gypsum 

precipitation and the dissolution of other minerals by acid are additional chemical reactions that 

may affect the acid mine drainage (Ferguson and Erickson, 1987). Factors such as the 

characteristics of waste rock, hydrogeologic properties, spatial relationships between different 

waste rock materials and water supply are additional physical factors which influence acid 

drainage. 

3.5 WASTE ROCK PILE HYDROLOGY 

The previous discussion has illustrated how acidity and low pH water may develop in sulfide 

bearing waste rock piles. The low pH water resulting from oxidation and acid generation is 

capable of mobilizing metals and other compounds. Deleterious impacts on the environment will 

not occur unless contaminated pore water leaves the site and enters the groundwater and/or 

surface water systems. 

Water in waste rock piles may originate from a number of sources. Water in the material when 

placed, rainfall, snow melt, up-gradient runoff and groundwater seepage can all contribute water 

to a waste rock pile (Whiting, 1985). Many mine sites attempt to control the volume of water 

entering the waste rock pile. 

The movement of water and resulting solute transport is a function of hydrology of the waste 

rock dump. There are many factors that affect the hydrology of waste rock piles. Table 3.3 

outlines many physical controls that affect waste rock pile hydrology and the movement of water 
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and transport of contaminants. The following discussion covers a number of these physical 

factors. 

Table 3.3 Factors Affecting Waste Rock Pile Hydrology (modified from Whiting, 1985) 

Channeling 

Sorption 

Foundation 

Hydraulic Conductivity 

Construction 

Precipitation/Hydrolysis 

Temperature 

Weathering 

Precipitation 

Evaporation 

Sublimation 

Evaporation 

Waste rock piles are generally considered to be heterogeneous, regardless of the construction 

methods used to build the pile. There are numerous reasons for heterogeneity in waste rock piles. 

Heterogeneous deposits cause anisotropic flow conditions as a result of the variable 

permeabilities with in the pile. 

Stratification of materials is the structural control upon which preferential flow paths develop. 

Stratification may result from many factors and will have strong controls on water movement 

within the pile. Geotechnical engineers, concerned with the slope stability of waste rock piles, 

have considered stratification an important component of waste rock piles for many years. 

Channeling and its control on water flow is a commonly discussed as an important controlling 

factor in waste rock piles. The establishment of a channel flow system or preferential pathways 

in waste rock piles results from the heterogeneity of the materials within the pile. The 

development of channelization and preferential flow paths is thought to promote preferential 

oxidation and acid generation along the flow path as well as influence water flow (Robertson and 

Barton-Bridges, 1990). In some situations, the removal of any neutralization capacity along a 

flow path may result in acid drainage initially reaching the base of the pile through these 

channelized flow paths (Robertson and Barton-Bridges, 1990). 
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The characteristics of the base of the dump are important in the hydrogeology of the waste rock 

pile. Different hydrogeologic properties of materials at the base of the pile will affect water flow 

along the base of the pile. Seepage loss into the base of the pile can occur and can enter the 

groundwater through the base materials below the dump or exit at the toe as seepage. 

The sorptive capacity of a waste rock particle refers to the adsorption and absorption 

characteristics of the material (Whiting, 1985). A percentage of total seepage in waste dumps is 

retained due to sorption. The varying sorptive conditions in waste rock piles however, represents 

a large unknown. 

The chemical weathering of waste rock material can change the hydrologic characteristics of the 

waste rock material. The breakdown of rock particles and the production of secondary minerals 

including clays, will change the hydrogeologic properties of the material and affect dump 

hydrology. In addition, the hydrolysis and precipitation of salts can also change the 

hydrogeologic properties of the material. 

Elevated temperatures normally occur as a result of chemical and biological oxidation of sulfide 

bearing waste rock and can also affect waste pile hydrology. Water vapour flow, along with 

liquid water flow, becomes an important component of the hydrologic system inside the waste 

rock pile. Water can exit from the waste rock pile or be redistributed within the waste rock pile 

as a result of vapour flow. 

Climate is also important in dump hydrology. Sublimation, evapotranspiration, precipitation, 

and evaporation all influence the amount of water entering and leaving the waste rock pile. 

Control measures to limit or prevent acid rock drainage will also have an influence on waste 

dump hydrology. Covers can limit infiltration from snow and rainfall. A significant amount of 

research for the design and construction of covers for waste rock piles has been carried out. The 

use of covers on waste rock piles which are actively being constructed is however, generally not 

feasible. Covers are installed on a dump or a portion of a dump that is no longer active. 

Diversion ditches and impoundments are the control measures generally employed to control 

surface runoff and/or run-on (Whiting, 1985). The control of dump entry due to groundwater 

flow generally requires extensive measures that may include extensive aquifer interceptor and 
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drainage systems. The prevention of groundwater entry into waste pile facilities is best 

addressed at the mine design stage. Hydrogeologic site characterization is an important in 

limiting groundwater as a source of acid rock drainage (Edwards, 1995). A hydrogeologic 

characterization will allow for the design and location of waste rock piles to minimize the 

impacts of groundwater flow. 

3.6 UNSATURATED SOIL THEORY 

The flow of water in waste rock piles is important because of its potential environmental impacts 

as well as its influence on dump stability. Waste rock piles are designed and constructed on the 

ground surface to prevent the retention of water behind or above the embankment face (Nelson 

and McWhorter, 1985). As a result, most waste rock piles, except for localized saturated zones, 

are unsaturated. Waste rock piles, which may receive water from several sources, are not under 

steady state seepage conditions. Water is generally introduced periodically (i.e. rainfall, snow 

melt, up-gradient runoff etc.) and an understanding of the principles of non-steady state 

unsaturated water movement, as it pertains to ARD, is critical. 

The following. discussion will provide the gener~l theoretical background of unsaturated soil 

mechanics and discuss the flow of water and air in an unsaturated porous media. 

3.6.1 Properties of Unsaturated Soils 

Unsaturated soils consist of four phases: air, water, soil particles and the contractile skin (air

water interface) as shown in Figure 3.3 (Fredlund, 1993). The contractile skin has an important 

influence on the mechanical behavior of a soil when a continuous air phase exists. The primary 

property that influences the soil is the ability of the contractile skin to exert surface tension and 

as a result it behaves like an elastic membrane under tension. 

Surface tension results from different intermolecular forces acting on the molecules at the air

water interface than the forces acting on the water molecules in the interior of the water 

(Fredlund, 1993). The contractile skin behaves like an elastic membrane with different pressures 

on each side. The pressure difference creates a curved membrane with the concave curvature 

towards the larger exerting pressure. The surface tension produced by the difference in pressure 
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exerted on the curved membrane or contractile skin relates to the radius of curvature of the 

surface. Figure 3.4 illustrates the pressures and surface tension acting on a curved membrane. 

Figure 3.3 An element of unsaturated soil showing continuous air phase (Fredlund, 1993). 

Figure 3.4 Pressures and surface tension acting on a curved surface (Fredlund, 1993). 

Pressures u and u+.6.u are acting on the membrane with a radius of curvature Rs and a surface 

tension of Ts. Unsaturated soils are subjected to an air pressure Ua that is greater than the water 

pressure Uw. The difference between the air pressure and water pressure is referred to as the 

matric suction (ua- uw). This pressure difference causes the contractile skin to curve according 

to the equation (Fredlund, 1993). 

(Ua - Uw) = 2Ts 
Rs 

(3.7) 
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When the air and water pressure become equal the radius of curvature approaches infinity 

resulting in zero matric suction and a flat air-water interface. 

3.6.2 Soil Suction Theory 

Soil suction refers to the free energy state of the soil water measured in terms of the partial 

vapour pressure of the soil water as follows (Fredlund, 1993): 

where: 

"' = 
R = 
T = 
Uv = 
Uvo = 

Vmo = 
mv = 
Uv I Uvo = 

'If=- RT In (uv I Uv0 ) 

VmoiDv 

total Suction'kPa, 
universal molar gas constant, 
absolute temperature, 
partial pressure of pore water vapour kPa, 

(3.8) 

saturation pressure of water vapour over a flat surface of pure water at, 
same temperature 
specific volume of water (inverse of density), 
molecular mass of water vapour, and 
relative humidity. 

Total suction contains two components, matric and osmotic suction. Figure 3.5 illustrates matric 

suction and osmotic suction as components of total suction. These are components of the free 

energy of the soil water that corresponds to total suction expressed by the following equation 

(Fredlund, 1993): 

'If= (Ua- Uw) + 1t (3.9) 
where: 

(Ua-Uw) = matric suction 
Ua = pore-air pressure 
Uw = pore-water pressure 
1t = osmotic suction 

The matric suction component is associated with capillarity due to surface tension acting on the 

contractile skin. Soil water, with a curved surface, will have a lower partial water vapour 

pressure than will the soil water with a flat surface. A small pore, acting like a capillary tube, 

has a curved surface when compared to a large pore with a flat surface. The relative humidity or 

vapour pressure decreases as the radius of curvature decreases and an increase in matric suction 
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contributes to a reduction in relative humidity (Fredlund, 1993). Soil suction is zero at 100% 

relative humidity. 

Dissolved salts are common in soil water. The water vapour pressure over a flat surface 

containing dissolved salts is less than the water vapour pressure over a flat surface containing 

pure water. As a result, the presence of dissolved salts will result in a decrease in relative 

humidity when compared to pure water. Thus, the presence of dissolved salts, which contributes 

to a decrease in relative humidity, will add to total suction. This component of total suction is 

referred to as osmotic suction. 

Figure 3.5 

Measured 
system 

Uv<Dvt 

Soil water 

Uvt<Dvo 

Soil water 

Reference 
medium 

Uvt 

Soil water 

Pure water 

RH<100% 

Soil water Pure water 

Suction 

Matric, 
(u.- Uw) 

Osmotic, 
71' 

Total, 

1/1 

Matric and osmotic suction as components of total suction (Fredlund, 1993). 

In summary, capillary forces and dissolved salts in unsaturated soils both contribute to the total 

suction of the soil through matric and osmotic suction components respectively. From Figure 

3.4, it can be seen that matric suction is related to capillarity. The pore spaces in a porous media 

act as capillary tubes that cause water to rise above the water table. This zone is sometimes 

referred to as the tension saturation zone or the capillary fringe. The pores are saturated 

however, the pressure heads are less than. atmospheric or negative in this zone. As pore water 
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pressures become more negative the pores begin to drain and adsorptive forces between soil 

particles may assist in sustaining high negative water pressures at low water contents (Fredlund, 

1993). Figure 3.6 illustrates this with a capillary tube model using different radii of curvature. 

Figure 3.6 
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Capillary tubes, illustrating the air water interface at different radii of curvature 

. in soil (Fredlund, 1993). 

3.7 HEAT AND MASS TRANSPORT 

The following section discusses the heat and mass transport theory which describe the processes 

that influence the flow of water and water vapour in waste rock piles. 

3. 7.1 Unsaturated Liquid Water Flow 

For saturated and unsaturated soils the driving potential causing water to flow is hydraulic head. 

Hydraulic head is defined as the sum of the elevation head and pressure head. 

A third component of the hydraulic head equation is a velocity head. This component is 

generally ignored because it is negligible in comparison with the other two components. Above 
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the water table, pressure heads are negative whereas below the water table pressure heads are 

positive. In the fteld piezometers provide a measurement of hydraulic head in saturated material. 

In the unsaturated zone however, hydraulic head is determined indirectly through the 

measurement of the suction head or negative pressure head using a tensiometer. Water will flow 

from a point of high hydraulic head to a point with low hydraulic head regardless of negative or 

positive pore pressures (Fredlund, 1993). 

Water flow in unsaturated soils is described by Darcy's Law (Fredlund, 1993). Darcy's Law 

states that the flow of water through a soil is proportional to the hydraulic gradient by the 

following equation: 

where: 

llw = 
-kw = 

dhw/Oy = 

Uw = -kw dhwldy 

(3.11) 

flow rate of water (specific discharge), 
hydraulic conductivity with respect to the water phase, and 
hydraulic gradient in the y direction. 

The specific discharge Uw, has the dimension of a velocity or flux and is sometimes referred to as 

the Darcy velocity or flux (Freeze and Cherry, 1979). Darcy's law is also be written as: 

where: 

Q = 
= 

A = 

Q =-KiA 

discharge, 
hydraulic gradient, and 
cross-sectional area. 

(3.12) 

Darcy's law is valid for flow through unsaturated soils however, the hydraulic conductivity is no 

longer constant. Under saturated conditions the hydraulic conductivity is approximately constant. 

In unsaturated conditions, the hydraulic conductivity is a function of the water content or matric 

suction. Both saturated and unsaturated hydraulic conductivity values are also a function of void 

ratio. Higher water contents result in more pores filled with water. Water flows through pores 

filled with water and therefore, under unsaturated conditions, fewer pores are available for flow. 

As a result, lower water contents correspond to lower values of hydraulic conductivity. During 

the drainage of a saturated soil, air begins to enter the large pore spaces first and water flow is 

forced to move along the more tortuous path in the smaller pores (Fredlund, 1993). The hydraulic 

conductivity will decrease rapidly as the volume of pore space occupied by water decreases. 
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The soil water characteristic curve represents the volumetric water content as a function of 

matric suction. The soil water characteristic curve is important in describing how a soil stores 

water under negative pore water pressures. The air entry value can be determined from the soil 

water characteristic curve. The air entry value is defined as the matric suction value that must be 

exceeded to have air enter the voids of the soil. The air entry value is a function of the maximum 

pore size of the soil. Figure 3.7 shows a typical soil water characteristic curve. The residual 

degree of saturation or water content is defined as the degree of saturation or the water content at 

which an increase in matric suction does not produce a significant change in the degree of 

saturation or water content (Fredlund, 1993). 

The hydraulic conductivity function is expressed by the hydraulic conductivity versus suction or 

pore-water pressure curve. Fig. 3.8 shows three typical curves. These curves are commonly 

determined from the soil water characteristic curve. There are several methods that allow for the 

calculation of the hydraulic conductivity function. Chapter 6 describes some of these methods. 

The soil water characteristic curve often exhibits a different water content at a given matric 

suction during the wetting or drying of the material known as hysteresis. Figure 3.6 illustrates 

hysteresis in the soil water characteristic curves for wetting and drying. A non-uniform pore size, 

a different contact angle of the air-water interface during wetting and drying processes, entrapped 

air in the soil during the wetting process and swelling and shrinking all result in hysteresis in the 

soil water characteristic curve (Hillel, 1971). Drying behavior is strongly dependent on the 

narrow or small pore channels. Wetting however, is dependent on the large diameter pores. As a 

result, coarse textured soils can exhibit strong hysteresis affects in the water content and 

hydraulic conductivity when plotted against matric suction. Since the relationship between water 

content and matric suction shows hysteresis it is reasonable that the relationship between 

hydraulic conductivity and matric suction should also exhibit hysteresis. The effect of hysteresis 

on the relationship between hydraulic conductivity and volumetric water content however is less 

pronounced and is probably equal for both wetting and drying in coarse textured soils (Topp and 

Miller, 1966). 
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Figure 3.7 

Figure 3.8 
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3. 7.2 Air and Oxygen Flow 

The flow of air in waste rock piles is the result of pressure gradients. Pressure gradients may be 

caused by convective effects due to internal heat generation, barometric pressure and wind. 

Oxygen flow in waste rock piles can occur as a result of diffusion, ·convection and advection 

(Harries and Ritchie, 1985). The process that is the dominant oxygen transport mechanism in the 
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waste rock pile is a function of the physical characteristics of the waste rock material. In 

addition to the movement of air and oxygen, oxygen consumption also occurs inside the waste 

rock pile due to the oxidation process. 

The convective transport of oxygen in waste rock piles is the dominant mechanism supplying 

oxygen to oxidation sites in coarse grained waste rock piles. Air convection, driven by 

temperature gradients, is much more efficient at transporting oxygen than diffusion processes in 

these piles (Lefebvre and Gelinas, 1995). Evidence of air convection through dumps has been 

documented. Cathles ( 1979) discusses the blast of hot wet air that exiting from holes drilled into 

the dump. Calculations have predicted that only convection through the dump can provide 

enough oxidant required by the leaching process (Cathles, 1979). 

Fundamental heat and mass transfer theory divides convection into forced and free convection. 

Forced convection flow results from an external source such as atmospheric winds. Free 

convection occurs as a result flow driven by buoyancy forces in the fluid (lncropera and 

Dewitt,1981). These forces result from density differences caused by temperature contrasts in 

the fluid. In waste rock piles, the oxidation process is an exothermic reaction that can result in 

elevated temperatures. Air, in contact with hot areas of waste rock, has a reduced density thus 

causing air movement. The lighter air moves upward through the waste rock pile and possibly 

exits at the surface. In addition, the air column in the warm waste rock pile generally has a lower 

gas pressure than the surrounding atmosphere resulting in air being forced into the waste rock 

pile (Lefebvre and Gelinas, 1995). This bulk movement of air, as a result of the pressure 

differences created by thermal (convective) affects, along with other factors such as barometric 

pressure and wind, comprisa the driving mechanisms for the overall advective transport of 

oxygen in waste rock piles (Harries and Ritchie, 1985). 

Air flow in unsaturated soils can be calculated using a modified Fick' s law where the mass rate 

of flow and the concentration gradient in the air is computed with respect to a unit area and unit 

volume of a soil. The modification occurs through the use of a coefficient of transmission of air 

through the soil which is a function of the degree of saturation and porosity of the soil (Fredlund, 

1993). A form of Darcy's law can also be used where the pore air pressure is expressed in terms 

of a pore-air pressure head and an air coefficient of permeability is used. The driving potential is 
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a pore air pressure head gradient (Fredlund, I 993). The mass flow can be described using the 

following equations: 

where 

la = 
Da = 
c = 
ac1ay = 

la =- Da ac/ay (3.13) 

mass of air flowing across a unit area of soil, 

transmission constant for air flow through the soil, 

concentration of air as mass of air per unit volume of soil, and 

concentration gradient in the y direction that can also be expressed in the 

x and z direction (Fredlund, I 993). 

The concentration of air as mass per unit volume of soil is described by 

where 

Ma = 
Va = 
s = 
n = 
Pa = 

C= or 

Va/0-S)n 

mass of air in the soil, 

volume or air in the soil, 

degree of saturation, 

porosity, and 

density of air which equals (Ma IVa) (Fredlund, I993). 

(3.I4) 

(3. I5) 

The concentration gradient is expressed in terms of a pressure gradient in the air. Air density is 

related to the gauge pore air pressure by. 

la =- Da ac aua 

auaaY 

(3.16) 
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Air flow in unsaturated soils is calculated using a modified Pick's law. The modification occurs 

through the use of a coefficient of transmission of air through the soil which is a function of the 

degree of saturation and porosity of the soil. The coefficient Da * is determined by: 

(3.17) 

recalling (3.18) 

The modified form of Pick's Law then becomes: 

(3.19) 

This equation describes the mass of air flowing across a unit area of soil. Dakshanamurthy and 

Fredlund, 1981a, present an equation to describe the net change in mass of the bulk air phase in 

an element of soil as a result of diffusion driven by a total pressure gradient. This equation also 

is formulated from Pick's law (Dakshanamurthy and Fredlund, 1981a).This equation is 

where: 

aMoA 

Da 
p 

= 

= 
= 

(3.20) 

net change in the mass of the bulk air phase in an unit element of soil 

due to at a total pressure gradient, 
diffusion coefficient of the bulk air phase, and 
total pressure in the air phase. 

The coefficient of transmission of air through the soil can be expressed in terms of the air 

coefficient of permeability measured in the laboratory by the equation: 

where: 

= 

Va =- Da *_1_ dUa (3.21) 

PmadY 

ka = Da*g (3.22) 

flow rate = to the volume rate of air flow across a unit area of the soil 
cav af()t), and 



Chapter 3 Theoretical Background and Physical Processes Page 53 

Pma = constant air density equal to the pressure used to measure the mass rate 
of flow. 

The volume rate of air flow across a unit area of soil, known as the flow rate, can be written in 

the same form as Darcy's equation: 

where: 

ha = 
aha~ay = 

the pore air pressure head ( ha = uaf Pma g ), and 
pore air pressure head gradient in the y direction 

(3.23) 

The functional relationship ka (ua - uw) or ka(S) can be obtained by determining the air 

permeability at various matric suctions or degrees of saturation (Fredlund, 1993). 

These flow laws describe the flow of air as a result of a concentration gradient in the air phase 

expressed in terms of air density or air pressure. In waste rock piles, oxygen is being consumed 

in the oxidation reactions and as a result, the movement of oxygen under oxygen concentration 

gradients is also important. The diffusion of oxygen can be an important process delivering 

oxygen to waste rock particles surfaces and supplying oxygen to the oxidation reaction within the 

waste rock particles. 

In fine waste rock the transport of oxygen is assumed to be diffusive. The mass balance of 

oxygen in the pore spaces can be expressed by (Steffen; Robertson and Kirsten et al., 1989): 

where: 

na 
c 
t 
De 
q 

= 
= 
= 
= 
= 

na ac =De d2
C + q (3.24) 

at dz2 

air filled porosity, 
concentration of oxygen in the pore spaces (moles m-3

), 

time (s), 
effective diffusivity of oxygen in the pore spaces, and 
oxygen consumption rate. 

In fine waste rock, diffusion of oxygen is the dominant process transporting oxygen through the 

pile. In addition, equations have been developed to describe the diffusion of oxygen to the 

reaction front within waste rock particles. The diffusion of oxygen to unreacted pyrite grains 

within waste rock particles is described in shrinking reactive core models such as Cathles, (1979) 

or Jaynes et al. (1984). The concentration of oxygen from the particle surface to the moving 
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reaction front within a particle can be described as follows (Steffen Robertson and Kirsten et al., 

1989): 

where: 

C* 
De* 
r 
k 
a 
Cs* 

= 
= 
= 
= 
= 
= 

(3.25) 

concentration of oxygen within the particle (moles m-3
), 

effective diffusion coefficient of oxygen within the particles (m2 s-1
), 

radial distance within the particle (m), 
first order reaction rate constant per unit surface area (s-1 m-2

), 

surface area of the reacting front (m2
), and 

concentration of oxygen at the reacting front (moles m-3
). 

The above equation is the shrinking reactive core model. The rate of oxygen consumption can be 

divided into three components: 

where: 

= 
= 
= 
= 

oxygen uptake rate (mol cm-3 s-1
), 

rate of oxygen consumption by the 0 2 pyrite reaction, 
oxygen consumption by chemical oxidation of ferrous iron, and 
rate at which bacteria consume oxygen while oxidizing iron. 

(3.26) 

The equations for the three processes responsible for oxygen consumption can are described by 

Jaynes et al. (1984). 

3. 7.3 Water Vapour Flow 

Water vapour flow can occur as a result of vapour diffusion or advection. Diffusion of water is a 

result of a gradient in the partial pressure of the water vapour. The advection of water vapour, 

within the bulk air phase is a result of an air pressure gradient. Water vapour flows in waste rock 

piles as a result of gas (air) advection. This process has been described as the dominant process 

transporting water vapour and is also important with respect to the redistribution of water within 

waste rock piles (Lefebvre and Gelinas, 1995). 

The diffusion of water vapour can be described by Fick' s law (Philip and de Veries, 1957; 

Dakshanamurthy and Fredlund, 1982a; and Wilson, 1990). A modified form of Fick's law to 

describe a water vapour flux under conditions of uniform and constant pressure is described by 
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deVries (1975). Wilson (1990) derives an equation to describe the combined flow of water 

vapour due to advection and diffusion in a unit soil element. Fick' s law to describe a water 

vapour flux under conditions of uniform and constant pressure is as follows (de Vries, 197 5): 

where: 

Pwv 
Wv 
R 

qv = .:!__ lovap(wv) (aPv)J dxdz 
gpw v L (RT) cay ) 

= 
= 
= 
= 
= 
= 

partial pressure due to water vapour, kPa, 
molecular diffusivity of water vapour in air, 

temperature (K), 

density of water vapour, 
molecular weight of water vapour, and 
universal gas constant. 

(3.27) 

The mass flux of water vapour has been described using a formula similar to the previous 

equation. This formula uses the diffusion coefficient of the water vapour through the soil or 

porous media and the cross-sectional area available for vapour flow in a unit element of soil 

(Wilson, 1990). This equation is as follows: 

where: 

MovE = -Dv f!a£y}_J dxdz 
Lcay) 

MovE = 
Dv = 

= 

mass flux of water vapour entering a unit element of soil, 
diffusion coefficient of water vapour through the soil, 

(a) <fifova~~y} 
L j<RT) 

a = tortuosity of the soil 
Ji = cross sectional area of the soil 
Pv =partial pressure due to water vapour, kPa 
Dvap = molecular diffusivity of water vapour in air 
T = temperature (K) 
R =universal gas constant 
Wv = molecular weight of water. 

(3.28) 
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The mass flux leaving an element of soil can also be described using a modification of Fick' s law 

(Wilson, 1990): 

MovL = -fi\ aP v + _j_ [Dv aP v ]dy]dydx 
L ay ay ay J 

(3.29) 

By subtracting the mass of water vapour entering from the mass of water vapour leaving the net 

change in water vapour in an element of soil due to diffusion is determined (Wilson, 1990). 

(3.30) 

The previous equations describe the transient flow of water vapour by diffusion due to a partial 

water vapour pressure gradient. We have seen however, that the movement of the bulk air phase 

can be an important mechanism in waste rock piles. As a result the advective transport of water 

vapour molecules in the bulk air phase can be an important process in the flow or movement of 

water vapour in the waste rock pile. Recall the formula for the net change in the bulk air phase 

due to diffusion (Dakshanamurthy and Fredlund, 1981a): 

(3.31) 

The mass flux of water vapour due to advection is computed as fraction of the net change in the 

bulk air phase (Wilson, 1990): 

where 
aMAv_ = 

at 

PA = 

aMAv = ~aMoA 
at PA at (3.32) 

change in mass of water vapour in the unit soil element due to vapour 
advection 
density of the bulk air phase at the total pressure P 
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= density of the water vapour in the bulk air phase at the partial pressure 
Pv. 

Substituting for the unit densities and assuming the atmospheric pressure remains constant (aP = 
aua) and using the diffusion coefficient of the water vapour through the soil the mass flux of 

water vapour as a result of advection can be written: 

aMav = - p v .E_[Dv a Ua] 
at P ay ay 

(3.33) 

The flow equations due to diffusion and advection can be combined if the effects of volume 

change in the soil are neglected and one assumes a change in pore air pressure is assumed equal 

to a change in partial vapour pressure (aua = aPv) (Wilson, 1990). The equation becomes: 

aMoav = -[P + PvJ a_(Dv a Pv] 
at P a)!_ ay] 

(3.34) 

3. 7.4 Interphase Liquid Vapour Flux 

The previous discussion has reviewed liquid water and water vapour flow individually. In waste 

rock piles however, both liquid water and water vapour can coexist. As a result, water molecules 

can flow between the liquid phase and the vapour phase. Flow of water molecules between 

phases will occur as a resul~ _of a change in water potential or a change in water temperature 

(Wilson, 1990). 

Under steady state conditions the change in mass of water vapour resulting from advection and 

diffusion in the air phase will result in a change in storage. This change in storage, under steady 

state conditions (vapour pressure and volume of air remain constant), will be balanced by 

interphase flux (Wilson, 1990). Under transient conditions however, the air volume and vapour 

pressure will not remain constant and will change with changes in temperature or total suction 

independent of vapour diffusion or advection. 
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The interphase flux of water must be determined by taking into account both the changes in mass 

of vapour and storage. These changes can be due to changes in the volume of air voids, changes 

in vapour pressure and changes in mass of water vapour due to diffusion and advection (Wilson, 

1990). 

The internal flow of water molecules between the vapour and liquid water phase in voids within 

the unit soil element can be described by the following equation (Wilson 1990): 

where: 

a MIPF 

at 

= 

= 

m1a = 
m2a = 
a = 
Jl = 
Pv = 
Pvs = 
Dvap = 
T = 
R = 
hr = 
Wv = 

= __i_[Dv a Pv] + ~ i_[Dv ~l + 
ay ay, J p ay ay J 

+ 

+ 

(3.35) 

mass flux of water vapour entering a unit element of soil, 

diffusion coefficient of water vapour through the soil, 
(a) (Jl)fDvapl~~) · 

L j(RT) 

slope of the (o- Ua) versus air volume curve when (ua-Uw) is zero, 
slope of the (ua- uw) versus air volume curve when (a- ua) is zero, 
tortuosity of the soil, 
cross sectional area of the soil, 
partial pressure due to water vapour, kPa, 
saturation vapour pressure of the soil water at temperature T, 
molecular diffusivity of water vapour in air, 
temperature (K), 
universal gas constant, 
relative humidity 
molecular weight of water. 
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3.7.5 Heat Flow 

Heat flow in waste rock piles occurs through several mechanisms (Lefebvre and Gelinas, 1995). 

Heat transfer may occur as a result of: 

1. conduction due to temperature gradients, 

2. advection of fluids (liquid water, water vapour and gas), 

3. diffusion of gas phase, and 

4. latent heat due to phase changes. 

Heat is transported by conduction from waste rock particles to other waste rock particles and 

through pore fluids in a similar way as has been described for soils. Conductive heat transfer is a 

process that occurs independent of mass transport (Wilson, 1990). 

Unlike many engineering problems involving heat flow in soils, the advective transfer of heat in 

the fluid phase is an important heat transport process in waste rock piles. In many engineering 

problems involving soils, the transfer of heat by convection in the liquid water phase, is usually 

ignored as the flow of heat is dominated by conductive processes (Jame and Norum, 1980), 

(Nixon, 1975). 

The transport of heat due to gas diffusion is a process that occurs in waste rock piles. This 

process is thought to be very small as the process of diffusion and counter diffusion of 

components in the gas phase have approximately equal heat capacity (Lefebvre and Gelinas, 

1995). Heat capacity is defined as the amount of heat energy required to change the temperature 

of 1 gram of a substance by one degree. 

Latent heat transfer results from the consumption or release of energy as a result of water in the 

waste rock changing phase. The movement of water vapour in waste rock piles as a result of 

internal heat generation is important in some waste rock piles. As a result of waste rock piles 

having the unique ability to generate heat due to the oxidation process, heat flow due to latent 

heat transfer may be an important heat transfer process in waste rock piles. This process is 

closely associated with the advective transfer of heat due to the movement of water vapour. 
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Cathles and Apps 1975 present the following formula for the conservation of energy for a one 

dimensional dump: 

(3.36) 

where: 

PT = density of the dump as a whole (total dump g/cm3
) 

CT = heat capacity of the dump as a whole (caVg°C) 
T = temperature of dump at any location 

PI = density of liquid phase (water) in the dump( g/cm3
) 

c1 = heat capacity of mobile liquid phase in dump, (g/cm3
) 

VI = Darcy liquid velocity through the dump ( cm3 liquid/cm2 dump area) 
pg = density of gas phase in the dump including effects of variable water 

saturation 
Cg = heat capacity of gas phase in dump including effects of variable water 

saturation, (g/cm3
) 

Vg = Darcy gas velocity through the dump ( cm3 gas/cm2 dump area) 
RA = rate of heat generation (kcak/cm3 dump *s) 
KT = thermal conductivity of the dump as a whole (caVcm°C*s) 

This equation describes the heat flow required to change the temperature of the dump as being 

supplied by conduction, the flow of air, the flow of water or a heat source within the dump such 

as the exothermic oxidation of sulfide minerals (Cathles and Apps, 1975). 
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CHAPTER 4 

SITE BACKGROUND 

4.1 GENERAL 

The Golden sunlight Mine is located approximately 13 km east of Whitehall along Interstate 90 

in South West Montana. Figure 4.1 shows the location of the Golden Sunlight Mine. 

Gold mineralization was first discovered at the Golden Sunlight Mine site in 1890. Prior to 

1958, approximately 57, 000 ounces of gold was produced by lode mining methods (Foster, 

1991). American Exploration and Mining Company (later called Golden Sunlight Mines, Inc.) 

acquired the property in 1958, however it was sub-economic to develop the property further at 

that time. The size of the low grade system encouraged the company to retain the property for 25 

years when gold prices, combined with improved technologies, made gold production 

economical. The decision to produced gold at the site was announced in 1981 with the first gold 

being poured in 1983 (Foster, 1991). 

4.2 CONSTRUCTION HISTORY OF EAST DUMP 

Waste rock piles at the Golden Sunlight Mine have characteristics of high wedge dump and 

terraced dump configuration. The dumps at this site are all built on mountain slopes by end dump 

construction methods. Several dumping platforms are commonly used to build the overall waste 

rock pile. The development of lower dump platforms, which wrap around a higher dump or 

portion of the dump, is a characteristic of terraced dump construction. Figure 4.2 show the 

eastern waste dump complex design prior to excavation. 

Page 61 
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Figure 4.1 Golden Sunlight Mines location plan 

The present day pit called the Mineral Hill Pit is designed to be mined in five stages. Waste rock 

dumps are located east, west and south of the pit. The east waste rock pile is the focus of the 

research efforts for this thesis. Figure 4.3 illustrates the development stages in the open pit and 

the east waste dump complex. 

Stage I mining began in late 1981 with the stripping of waste rock from the open pit. All waste 

rock removed during Stage I was hauled to the east waste rock pile location where two dumps 

were constructed (Golder, 1995). 

Stage II mining began in 1984 and continued until 1991. During the period between 1984 and 

1986 no waste rock was hauled into the east waste rock pile (Golder, 1995). All the rock 

removed during this period was hauled to the waste rock pile located south of the open pit. 

Waste rock was again placed in the eastern dump area from 1986 to the completion of Stage II. 

Waste rock material being hauled to the eastern waste rock pile during phase II began to cover an 

area known as the Midas Slump. The slump was identified as a shallow landslide feature 

(Golder, 1995). The Midas slump continued to fail slowly and as a result continued maintenance 

of the dumping platform area on the waste rock pile was required. 
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Waste Dump 

Figure 4.2 East waste dump complex at the Golden Sunlight Mines prior to excavation 

operations. (contour interval 50 feet) 
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- 500' 

GOLDEN SUNUGHT MINE SllE 
OPEN PJT DEVELOPMENT STAGES 

AND THE EAST WASTE DUMP COMPLEX 

FlGURE 4.3 
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Stage ill stripping of waste rock began in 1987 and continued until mid 1994. Waste rock was 

not hauled to the east waste rock pile during stage ill until the middle of 1990 when a portion of 

the rock stripped from Stage ill was dumped in the east pile (Golder, 1995). Several platform 

elevations in the east dump were being used during this time. Platform elevations of 5620, 5530 

and 5450 feet were used for end-dumping (Golder, 1995). 

Stage IV began in 1990 and continued until 1993 (Golder, 1995). Waste rock being stripped 

during this phase was not hauled to the east waste rock pile until 1993. During this period the 

Midas Slump continued to be an operation problem because waste rock being dump over the 

slump area continued to settle (Golder, 1995). In 1993, construction began on the Midas Capture 

Dump constructed as an extension of the eastern waste rock pile to encapsulate the Midas Slump 

and prevent any further settlement of the waste rock pile (Golder, 1995). The Midas Capture 

Dump, located on the south side of the main east waste rock pile was completed in 1994 with 

rock being hauled from Stage IV. Figure 4.1 illustrates the location of the Midas Capture Dump. 

4.3 EARTH BLOCK MOVEMENT 

In April 1994, an ancient earth block slip was reactivated at the mine site. The ground movement 

covered an area between the east waste rock dump complex and the tailings disposal area located 

to the south. Included in this area were the mill and maintenance facilities. The movement 

affected an area covering approximately 745 acres and was composed of three large interrelated 

earth blocks. Mining and production operations were suspended on June 24, 1994, as a result of 

the settlement of a pyrite leach tank (Golder, 1995). 

Detailed geotechnical investigations determined that the main movement occurred along an 

ancient block slide which had originally moved over 1 million years ago (Golder, 1995). 

Younger valley fill sediments concealed any surface evidence of this movement. The head scarp 

was, in part, situated within the east waste rock pile. The movement was initiated from waste 

rock loading in the lower portions of the east dump. Movement occurred along a low inclination 

slip plane in pre-sheared clays having a friction angle of 6 degrees. Groundwater pressure was 

excluded as a factor in the movement (Golder, 1995). 
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Remedial measures included off-loading waste rock material from the east waste rock pile in the 

area of the head scarp. Waste rock from this location was either hauled to another portion of the 

pile or used in the construction of a waste rock buttress at the toe of the earth movement. 

Remedial measures were successful in stopping movement by October 1994. Mining and 

production operations resumed in March 1995. 

4.4 CLIMATE 

Golden Sunlight Mines Inc., is located in an area classified as having a semi-arid inter-mountain 

climate (Golder, 1995). This climate, typical of southwestern Montana, experiences a regional 

continental climate that is modified by the affects of the Rocky Mountains. Temperature 

fluctuations, characteristic of the continental climate, are buffered by Pacific air masses, the 

drainage of cooler mountain air into the lower valleys and the shielding effects of the mountains 

(Golder, 1995). Climatic data was accumulated and summarized by Swanson (1995) as part of 

the waste rock soil cover modelling conducted for the cover design used at Golden Sunlight 

Mines. 

Average precipitation data at Golden Sunlight Mines has been accumulated since 1991. Data is 

also available from Whitehall which is located in the valley below Golden Sunlight Mines 

approximately 3 miles away. An average of 243 mm of precipitation occurs during the year of 

which 75% occurs from April through to September. 

The average annual pan evaporation rate, from 10 years of records from Bozeman Montana, 

equals 1048 mm (Swanson, 1995). An average pan evaporation of 1117 mm was reported by 

Hydrometries ( 1992), from May 1 through September 30, although the year when this data was 

obtained is unknown (Golder, 1995). 

The average annual temperature is approximately 7.2° C and temperatures range from -40°C to 

37° C (Golder, 1995). A maximum average temperature, reported for Whitehall, of 29° C occurs 

during July (Swanson 1995). Freezing temperatures may occur from September through mid

June. 



Chapter 4 Site Background Page 67 

The mean monthly relative humidity reaches a high of 66% for Whitehall during the winter 

months. The minimum mean monthly relative humidity of 52% occurs in July. 

4.5 TOPOGRAPHY 

Golden Sunlight Mine is located in an area characterized by Basin and Range topography. 

Ground elevations rise from the Jefferson River (4,300 ft) south of the property to Bull Mountain 

(6,500 ft) located west of the mine site (Golder, 1995). The mine site is characterized by alluvial 

fan terraces located above the alluvial plain that is dissected by streams. These features rise 

gradually toward the northwest to an elevation of 5,200 ft at the base of the Bull Mountains. The 

east waste rock pile is located on the alluvial fan and plain topography. 

Ephemeral streams draining the area flow southeasterly. Stream gradients range from 4 percent 

to 10 percent (Golder, 1995). Stream gradients increase to 40 percent along the eastern face of 

Bull Mountain. 

4.6 GEOLOGY 

Economic gold mineralization at the site occurs in and around a pipe shaped hydrothermal 

breccia. The breccia is approximately 215 m in diameter and plunges 35° to the south-west 

(Foster, 1991). The hydrothermal breccia cuts Proterozoic sedimentary rocks and Cretaceous 

latite porphyry sills. The Proterozoic sedimentary and Cretaceous latite porphyry rocks comprise 

the majority of the waste rock types. Figure 4.4 illustrates a typical stratigraphic section for the 

Golden Sunlight Mine area. 

The Proterozoic rocks are the oldest rock types at the site and are primarily clastic sedimentary 

rocks consisting of sandstone and shale. These rocks are thought to be part of a submarine fan, 

slope and shelf complex which prograded over basin plain deposits (Foster, 1991). Proterozoic 

siliciclastic sandstones and shales of the basin plain and submarine fan facies (Lahood 

Formation) are overlain conformably by shales (Bull Mountain Group) of the marine slope and 

shelf facies at this site (Foster, 1991). 
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DESCRIPTION 

Quotemory Deposits 
Alluvial Fan grovels with intercolated 
lacustrine beach sand 

Landslide and Debris flow deposits 

Tbo 
Alluvial Fan Facies J Bozeman 
Fluvial Facies Group 

Tbf (Tb) 

Elkhorn Mtn. Volcanics 

Conrow Creek Conglomerate 

Paleozoic sediments (undifferentiated) 

Informal Bull Mtn. Group ] Belt 

LaHood Fm. Supergroup 

Pony Series Metamorphics 

Figure 4.4 Typical stratigraphic section for the Golden Sunlight Mine region (Golder, 1995) 

(Geology by T.H. Chadwick) 
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Exhalitive and, or diagenetic massive sulfide horizons occur in the submarine fan complex 

sandstones and shales. Synsedimentary mineralization, as disseminated diagenetic sulfides in the 

matrix of silty beds, occur in the shale rocks of the marine slope and shelf facies (Foster, 1991). 

Exhalitive and/or diagenetic massive sulfide mineralization along with the synsedimentary 

diagenetic sulfides comprise the major form of sulfide mineralization in the Proterozoic clastic 

sedimentary waste rock. 

The Proterozoic and Paleozoic sedimentary rocks were intruded by at least three plutonic phases. 

Cretaceous age porphyries (latites) commonly form sill like bodies intruding the sedimeritary 

rocks (Foster, 1991). The latite intrusions are thought to be contemporaneous with breccia 

formation. Latite rocks comprise the major igneous waste rock type found in the waste rock pile. 

Latite porphyry rocks may contain both disseminated sulfide mineralization and sulfide 

mineralization infilling veins and joints (Foster, 1991). Irregular hypabyssal mafic intrusions 

(potassic trachybasalts and basaltic andesites) are also present. Lampophyre dikes, sills and 

irregular bodies cut other intrusive rocks (Foster, 1991). Although present, these rock types 

represent a very minor percentage of rock found in the waste rock pile. 

In summary, massive and disseminated sulfide mineralization is found in both the sedimentary 

(shale) and igneous (latite) rock types. These two rock types comprise the bulk of waste rock 

material found in the pile. Unoxidized waste rock generally contains 2% to 5% pyritic Sand has 

no significant neutralizing capacity (Schafer et al. 1994). 

Most beds in the area strike northwest and dip southeast as part of the western limb of a north 

plunging anticline which makes up Bull mountain. A northeast trending zone of crustal 

weakness (Great Falls Tectonic Zone) results in high angle northeast trending structures many of 

which are mineralized (Foster, 1991). North trending Basin and Range listric normal faults 

border the mountain range. 

Valley fill sediments surround Bull Mountain which rises to its maximum height west of the 

mine site. These Tertiary valley fill sediments include alluvial fan, fluvial, eolian, 

volcaniclastic/lacustrine and sheet flood facies (Tertiary Red Hill conglomerate and Bozeman 

Group). Quaternary mass wasting landslide deposits disconformably overlie the Tertiary 
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sediments along the eastern range front of Bull Mountain (Foster, 1991). A large alluvial fan 

overlies the sediments west of Bull Mountain leaving alluvial fan gravels and intercalated 

lacustrine beach sands. Pediment terrace gravels, which are dissected by recent tributary 

channels, cap much of the valley sediments (Foster, 1991 ). 

4.7 HYDROGEOLOGY 

The following section summarizes the regional and local hydrogeology at the mine site with 

focus on its impacts on the east waste rock pile. 

4. 7.1 Surface Water 

The mine site is drained by several small ephemeral streams with moderate to steep gradients. 

Perennial streams do not exist on the site because of the low precipitation in this area. Snow 

melt and infrequent rainfall result in flow in these streams. Most of the runoff at the mine site is 

discharged to the Jefferson Slough located in a wetland area situated on the Jefferson river 

floodplain (Golder, 1995). 

The Golden Sunlight Mine uses a number of controls in their reclamation practices in order to 

control surface water where waste rock piles have interrupted the natural drainage pattern. 

Surface water diversion, regrading of slopes to 2H: 1 V, two-layer cover systems and revegetation 

are some of the practices used at the site. Surface water runoff is managed in order to minimize 

the water that enters the waste rock piles (Schafer, 1994) 

A number of springs and seeps are noted in the area. Groundwater flow from springs commonly 

remains at surface for short distances before it infiltrates back into the ground (Golder, 1995). 

4. 7.2 Hydrostratigraphy 

Several hydrogeologic units exist at this site. Fractured bedrock (Proterozoic sedimentary rock) 

and Tertiary alluvium deposits and debris flow material comprise the main hydrogeologic units. 

Bedrock flow is controlled by secondary openings rather than lithology. The alluvium and debris 

flow deposits are the main hydrogeologic units found beneath the east waste rock pile. 
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The Bozeman Group is subdivided into clay rich fluvial facies and more coarse grained alluvial 

fan facies. Sand and gravel lenses provide local permeable zones in these units, however the 

overall bulk permeability is low (Golder, 1995). Alluvium and colluvium sediments were 

deposited as erosional and alluvial fans on the Bozeman sediments. These deposits do not have a 

significant saturated thickness, however local zones of discontinuous fine grained lenses may 

become partially or fully saturated as a result of infiltration or recharge from other units (Golder, 

1995). 

Groundwater flow in this area is controlled by topography and flows generally occur in a 

southeast direction. In addition, a downward hydraulic gradient exists over most of the region 

including the area beneath the east waste rock pile (Golder, 1995). Groundwater recharge in the 

area is from higher elevations primarily occurring during spring and summer when snow melt 

and rainfall are at the highest levels. Groundwater then flows down gradient recharging aquifers 

at lower elevations. Groundwater levels, are generally, are 100 to 200 feet below the base of the 

pile in the south half of the east waste rock pile (Golder, 1995). 

Local areas of groundwater discharge (springs) occur at the site and are generally found where 

abrupt changes in topography intersect the groundwater table. Perched water tables, fractured 

bedrock transmitting groundwater under hydrostatic pressure and abandoned adits also provide 

conduits for groundwater flow which may result in groundwater springs (Golder, 1995). 

Although the regional piezometric surface is well below the base of the pile, the east waste rock 

pile covers a localized area of ground water discharge. A small amount of discharge flows from 

the eastern toe of the dump where it is collected and treated. No seepage exists from the toe of 

the waste rock pile with the exception of this small natural groundwater spring. 

4.8 PREVIOUS STUDIES 

Several research studies relating to the waste rock piles have been conducted as part of the 

continuing assessment of reclamation methods at Golden Sunlight Mines. High grade waste test 

plots were initiated in 1991 (Schafer, 1993). This study focused on the effectiveness of the 

proposed reclamation techniques on 2H: 1 V slopes. The erosion of cover material, used for the 
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control of oxygen and water entry into the pile, and the successful growth of vegetation was also 

investigated. The test plots were established along the east waste dump. 

The West Dump Hydrology Study was initiated in 1992 by Golden Sunlight Mines Inc. and 

Schafer Associates (Schafer, 1994). This study focused on monitoring the hydrologic conditions 

in the west waste rock pile. Several downhole monitoring techniques were used to measure 

differences in gaseous oxygen concentrations, temperature, water content and pore water 

chemistry. The study is currently ongoing. 

Placer Dome Inc. Initiated a research program in 1993 with the University of Saskatchewan to 

apply the SoilCover model as a predictive tool in evaluating the effectiveness of the cover design 

used at Golden Sunlight Mines. This evaluation was completed in 1995 (Swanson, 1995). 

In September 1994, the University of Saskatchewan was provided funding by Golden Sunlight 

Mines Inc. and Placer Dome Inc. to investigate the hydraulic properties and moisture migration 

pathways found in the east waste rock pile. This research was initiated because of the unique 

opportunity provided by the off-loading operations being conducted on the east waste rock pile. 

The first phase of the research program was established in conjunction with Montana State 

University which obtained data from the field investigation for geochemical analysis. 
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CHAPTERS 

PHASE I - FIELD PROGRAM 

5.1 INTRODUCTION 

Ground movements, associated with the reactivated ancient block slip, were first noticed in April 

1994. Stabilization efforts began in July 1994 with the relocation of waste rock using electric 

shovels and 175 ton haul trucks. Remedial measures at the mine site included unloading 

approximately 15 million tons of waste rock from the head of the block slip located below the 

southern portion of the east waste dump complex. A portion of the waste rock removed was used 

to construct a rock buttress at the toe of the slip. The remainder of the waste rock was hauled to 

other portions of the large 100 million ton waste rock pile. The removal of waste rock continued 

until March 1995 when normal mine operations resumed. The remedial program employed was 

successful in stopping movements. 

A multiphase research program was initiated in September 1994 in order to take advantage of the 

excavation operations providing access into the east waste rock pile. The first phase of the 

research program consisted of a field logging and sampling program and was conducted jointly 

with the Montana State University and in close consultation with Golden Sunlight Mines Inc. 

personnel. 

This chapter presents the approach, schedule and procedures followed during the field program. 
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5.2 APPROACH 

The field program was conducted simultaneously with the excavation operations. Removal of 

the waste rock began from the top of the waste rock pile (5520 level) and waste rock was 

removed in approximately 18m (60 ft) benches. The field program was initiated two months 

after off-loading operations began and started with test pits being excavated on the 5360 bench. 

Test pits were excavated along established transect lines. Two north south transect lines and two 

east-west transect lines were used. Figure 5.1 illustrates the location of the test pits and transect 

lines in the excavated area of the east dump complex. 

Attempts were made to conduct the field program on the bench above the working shovel for 

accessibility and safety reasons. Upon completion of a bench, the shovel was moved 

approximately 18 m (60ft) below to begin the next excavation surface. Upper benches were 

subsequently removed by lower excavation operations except for a portion of the bench that was 

left for high wall stability and safety. Once the shovel began to excavate the next level, the 

transect lines were re-established on the bench above and the test pit program continued. In this 

way, test pits were excavated at various depths within the pile as excavation operations moved 

deeper into the pile. Figure 5.2 is a schematic drawing showing the test pit program located on 

the bench above the production shovel used for the excavation operations. 

Test pits were excavated using either a Kobelco tracked mounted hoe or a 08 CAT depending on 

equipment availability. Test pits were generally excavated to depths between 3.0m ( 10 ft) to 4.6 

m (15 ft). Test pits were excavated with one wall vertical for logging and sampling while the 

opposite test pit wall was sloped for safety reasons. 
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Figure 5.2 Schematic cross-section of test pit program and excavation operations at Golden 

Sunlight Mines. 

5.3 PROGRESS SUMMARY 

The field program was conducted during four trips to the site. The timing of the trips was 

controlled by the excavation schedule. Attempts were made to schedule field visits at a time 

when the shovel was moved to the next lower excavation level. This would allow for the 

maximum surface area above the shovel in which to conduct the field program before the bench 

was removed by the excavation process below. This approach was followed during the first two 

site visits. 

The first field trip took place between September 21, 1994, and October 1, 1994. The locations 

of three transect lines were established during this trip. An east-west oriented transect line was 

established using total station survey control along the 27, 250 N mine grid. This line was 

located closely to the east-west line previously -located by Professor Ward Wilson of the 

University of Saskatchewan and Troy Smith of Golden Sunlight Mines Inc. during an earlier site 

visit. The location of this line was established in attempts to intersect portions of the waste rock 

dump that were most likely to contain the best cross-section of ages ranging from the oldest 

material to material recently placed in the dump. Along with the east-west oriented transect line, 

two north-south oriented transect lines were established after consultation with Professor Doug 

Dolhopf of Montana State University and Troy Smith and Ray Lazuk of Golden Sunlight Mines 
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Inc. These two lines were located approximately along the 26, 500 E and 25, 950 E lines. Test 

pit numbers one to nine were completed during this trip and located along all three transect lines. 

Test pits one to eight, except for test pit 5, were excavated on the 27, 250 N line established 

along the 5420 bench. Test pit 5 was excavated along the 26, 500 E line on the 5420 bench. 

Test pit nine was located on the lower 5360 bench along the 25, 950 Eline. Figure 5.1 shows the 

location of these test pits. 

The second field trip occurred between October 30, 1994, and November 12, 1994. During this 

trip, test pits 10 to 21 were completed on the 5360 ft bench. Test pits during this period were 

excavated along all three transect lines. Test pits 10, 11, 12, 13, 17, 18 were located along the 

27, 250 N line. Test pits 15, 16 and 17 were located along the 26, 500 Eline. Test pits 19, 20, 

21 were located along the 25, 950 E line. Figure 5.1 illustrates the location of these test pits. 

Upon completion of this field trip, all samples taken to date were transported to Saskatoon, 

Saskatchewan. 

After the second site visit, the excavation process began using two shovels. One shovel, located 

approximately 18 m (60ft) below, excavated behind the upper shovel. The use of two shovels 

allowed for two benches to be excavated simultaneously. This method of excavation greatly 

reduced the amount of bench area remaining after the upper shovel was finished. As a result, 

the third site visit was scheduled to take advantage of the opportunity created by the upper shovel 

being shut down for maintenance. A limited amount of bench area existed to conduct the test pit 

program during this visit. The third trip took place between November 30, 1994, and December 

11, 1994. During this trip, test pits 22 to 24 were completed along the partially excavated 5300 

bench. A lower shovel, situated on the 5250 bench continued to work at this time. It was not 

possible to locate any pits on this lower level for safety reasons. Test pits 22 to 24 were located 

on the 26, 500 E transect line. No test pits were possible along the 27, 250 Nor the 25, 950 E 

oriented transect lines during this time. In addition, one test pit (test pit 25) on the 5424 level 

and one large excavation (test pit 26) on the 5210 level was made on the top of the dump surface 

just behind the existing highwall. Test pits 25 and 26 were excavated in a location to provide 

information on the material situated near the original dump top surface. The uppermost 18 m, or 

first bench excavated in the pile, was completely removed before the field program began. 

The fourth site visit was used to sample any final areas that had been· excavated but not sampled 

during the first three visits. This trip occurred between February 11 and 27, 1995. During this 
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time, test pits 27 and 28 were excavated on the 5250 bench and test pit 29 was excavated on the 

5210 level. The 5210 level was the final level excavated during the excavation operations. In 

order to dig these test pits, a second east west transect line was established along the 26 670 N 

line. This second east-west transect line was established because the first east-west transect line 

did not intersect the area where the final off loading operations were situated. One additional 

pit was excavated on the 5260 bench in attempts to document the contact between the dump and 

original ground surface. This pit was located in an area where as-built plans of the off-loading 

indicated the original ground surface was 3.0 to 4.5 m (10 to 15ft.) below the 5260 excavation 

bench. 

5.4 FIELD LOGGING AND SAMPLING PROCEDURE 

A standard logging and sampling procedure was used in each test pit. Layering of the waste rock 

material was observed in the waste rock pile and was defined either by changes in grain size 

distribution and/or color. All layers in the pit were visually logged with respect to general 

mineralogic components (intrusive varieties vs. sedimentary varieties), general grain size range, 

texture, structure, condition of the interparticle spaces (either open voids or interparticle spaces 

infilled with fine matrix), state of oxidation and weathering, color, strike, dip and any other 

special features observed. Each layer was photographed. 

Two bulk samples were taken for each layer described, except those too coarse to sample, for 

laboratory analysis at the University of Saskatchewan. All bulk samples taken by the University 

of Saskatchewan were air dried except for those taken from test pits 25 and 26. These samples 

were too wet to dry before being shipped. Samples from these two pits were oven dried for a 

minimum of 24 hours before shipping. A total of 242 bulk samples totaling approximately 2100 

kg were taken by the University of Saskatchewan. All samples were transported to Saskatoon, 

Saskatchewan. A third bulk sample from each layer was taken by Montana State University for 

geochemical analysis. 

A sample numbering system was used for all data collected by both universities during the field 

program. The numbering system uses a test pit number followed by a layer number starting from 

the bottom of the pit and continuing sequentially upwards for each layer logged in the test pit. 

The first number, following the letters "TP" corresponds to a test pit number. The second 
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number followed by the letters GS refers to a specific layer with in the pit (for example, 

TP4GS2 indicates test pit number 4 layer 2). A small letter follows the sample number and this 

letter designates the type of sample taken. The letter "a" (for example, sample number 

TP4GS2a) corresponds to a sample taken to determine the gravimetric water content from the 

material found in layer 2 in test pit number 4. The letters "b" and "c" correspond to bulk bag 

samples taken by the University of Saskatchewan for laboratory analysis (for 

example,TP4GS2b). The letter "d" corresponds to a bulk bag sample taken by Montana State 

University for geochemical analysis. The locations of all test pits, depth of the corresponding 

layers, strikes, dips, visual logs, any in situ measurements, photographs, and all laboratory 

analyses performed by either university are referenced from the sample numbers. The United 

States Bureau of Mines also followed this numbering system to be able to cross reference their 

samples, taken for bacteria analysis, with additional data collected by the University of 

Saskatchewan and Montana State University. 

5.5 IN SITU MEASUREMENTS 

In situ measurements of water content, matric suction, temperature and relative humidity were 

taken where possible. Water contents were taken for every layer described except for those 

which were too coarse to sample. Test procedures followed the ASTM D 2216-90 standard test 

method for laboratory determination of water content of soil, rock and soil-aggregate mixtures. 

Two samples were taken for each layer described in a test pit. Representative samples were taken 

by sampling from random locations along each layer. Sampling jars (250 ml) of predetermined 

mass were used to store the samples. The samples were immediately sealed after the sample had 

been recovered. The moist. samples were then transported to the Golden Sunlight Mines 

Laboratory located on the mine site, at the end of each day. One sample taken for each layer was 

quickly sieved to obtain the passing 0.95 mm (3/8 inch sieve) material. The second sample was 

used to determine the water content of the total material. The mass was determined for each 

sample and placed in the drying oven. After the material had dried to a constant mass, the mass 

of dry sample was then determined after the samples had cooled to room temperature. Water 

contents were then calculated. Approximately 240 gravimetric water contents were determined. 

Matric suction measurements were first attempted using a tensiometer. A tensiometer 

manufactured by Soil Measurement Systems was used. This tensiometer uses a transducer to 



Chapter 5 Phase I - Field Program Page 80 

measure the water tension in the soil around a porous cup. The tensiometer contained a digital 

read out (in mbar) to indicate the water tension in the tensiometer that is in equilibrium with the 

negative pore-water pressure in the soil surrounding the porous cup. Attempts were made to 

prebore a hole equal to or slightly smaller than the diameter of the ceramic porous cup. Once the 

hole was prepared, the tensiometer tip was inserted into the hole trying to get a good contact 

between the ceramic tip and the waste rock matrix. Once in place, the tensiometer tip was filled 

with de-aired water using a syringe. A rubber septum was placed on the end of the tensiometer 

tip. The transducer was inserted through the rubber septum allowed to come in equilibrium with 

the de-aired water in the tensiometer tip. Once the digital reading of negative water pressure 

equalized the value was recorded. 

The filter paper method was used to attempt to measure both matric and total suction. The ASTM 

procedure 05298-92 was followed for the measurement of soil potential (suction) using filter 

paper. This procedure covers the use of filter papers as passive sensors to evaluate the soil 

matric and/or total potential. The type of filter paper used was ash-free Type IT Schleicher and 

Schuell No. 589 White Ribbon filter paper. The filter papers were prepared for use by drying in 

a oven for a minimum of 16 hours. The papers were then placed in a desiccant jar over desiccant 

after drying to be stored until used. 

Samples taken from various layers in the test pits were placed in 250 ml sized sample jars. 

Enough material was sampled to nearly fill the sample containers to reduce equilibration time 

and to reduce the potential for suction changes in the specimen. Once a sample was taken, filter 

papers were quickly removed from the desiccant jar and placed in the jar. Total suction was 

measured if two filter papers were placed above the soil specimen thus limiting moisture transfer 

to vapour movement through the air inside the sample container. This was accomplished by 

using a wire ring that suspended the filter paper above the sample. Matric suction was obtained 

by placing three stacked filter papers in contact with the sample material. The outer filter papers 

were used to prevent contamination of the central filter paper which is used for the analysis. The 

outer filter papers were slightly larger in diameter than the central filter paper to prevent any 

direct contact with the soil and the central filter paper. After placement of the filter papers in the 

sample jars, the lids were sealed on the jars and wrapped completely with plastic electrical tape. 

The samples were then placed in an insulated chest and kept at room temperature. The filter 

paper and the specimen were allowed to come to equilibrium for at least seven days. 



Chapter 5 Phase I - Field Program Page 81 

The filter papers were transferred to glass containers using tweezers after the equilibration 

period. Rubber surgical gloves were used during the handling of all containers and filter paper. 

The filter papers, used for total and matric suction, were measured, in individual glass filter 

paper containers of predetermined mass, to the nearest O.OOOlg. The mass of the filter paper 

container was determined immediately before the filter paper was transferred to the filter paper 

containers. The mass of each filter paper and filter paper container was then immediately 

determined. The water contents of the filter papers were determined using the equations outlined 

in the ASTM procedure D 5298-92. The water contents were converted to suction values by 

calculating the suction values using the equation for the calibration curve for Schleicher and 

Schuell No. 589 White Ribbon filter paper. Figure 5.3 shows the calibration curves for two types 

of filter paper including Schleicher and Schuell No. 589 White Ribbon filter paper. If two filter 

papers were used, as in the procedure for total suction, the suction was determined as the average 

of the suctions evaluated from the water contents of the two filter papers. 

Figure 5.3 
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Temperatures and relative humidity values were determined in the field using a portable V aisala 

HMI 31 humidity and temperature indicator. Attempts were made to bore a hole into which the 

probe· would be inserted. Once the probe was inserted the remainder of the hole was backfilled 

to minimize any influences from the atmosphere. The probe was then left to equalize. During the 
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second field trip the probe was damaged resulting in the indicator being unable to measure 

relative humidity values during the third and fourth field trip. The instrument was capable of 

determining temperature readings and they were recorded during these trips. On most days 

during the second and third field trips, the air temperature was below the operating temperature 

of the instrument and attempts were made to keep the main unit warm when taking these 

measurements. 

Density measurements in the field were attempted using the sand replacement method. This 

method was only suitable for layers containing enough fine matrix to avoid any large void spaces 

in the waste rock. Before conducting the test, an area was prepared so the surface was firm and 

level. Waste rock was then excavated. The material removed was carefully collected and sealed 

in sample jars or plastic bags containing a seal. The hole produced during the removal of the 

waste rock was then lined with a thin plastic lining. Sand was then poured into the hole and 

leveled to the original level surface by screeding the surface of the sand. A clean, dry uniform, 

uncemented, silica sand was used. The sand was then removed using the thin plastic lining and 

stored. The volume of the sand was then determined. The mass of the wet waste rock sample 

was determined. The sample was then placed into the oven and dried for a 24 hour period. The 

mass of the dried sample of excavated waste rock was then determined. From these values the 

wet density and dry density were calculated. 
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CHAPTER6 

PHASE II- DATA REDUCTION AND LABORATORY ANALYSIS 

6.1 INTRODUCTION 

The objective of the second phase of the research program was two fold. The first objective was 

to compile and correlate the field data focusing on the construction history, internal structure and 

the distribution of moisture within the pile. The second objective was to classify the material 

and define the hydrogeological properties of the waste rock. This chapter discusses the details of 

Phase II of the research program. 

6.2 DATA REDUCTION AND MAPPING 

Compilation and reduction of the field data was necessary for subsequent analysis. Several tasks 

were required to compile and reduce the data obtained during the field program. These tasks 

include: 

1. the preparation of field logs which document the physical descriptions, in situ measurements, 

and sample records, 

2. the construction of cross-sections from as-built drawings to document dump profile and 

construction history, 

3. determination of the age (year the material was placed in the pile) of the waste rock found in 

each test pit and 

4. definition of the distribution of water within the pile. 

Field notes and sample records were compiled into field logs. The field log for each test pit 

included the test pit location and elevation, and a visual description of mineralogic components 

including texture, structure, degree of weathering, color, any other notable features. The sample 
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type and sample interval were also compiled into the field logs along with in situ measurements. 

The field logs from the east dump characterization are found in Appendix A. 

The location and age of all test pits were determined using base maps provided by Golden 

Sunlight Mines Inc. As-built drawings of the east waste rock pile were used to document the 

construction of the pile. Drawings for the years 1987, 1988, 1989, 1990, 1992, 1993 were 

provided by Golden Sunlight Mines which document the construction of the east waste rock pile. 

As-built drawings for the year 1991 were not available. Cross-sections were developed along 

each transect line to illustrate the location of each test pit in relation to the construction history of 

the pile. The locations of the test pits relative to the crest and toe locations for each year, 

illustrated on the cross sections, enabled the age to be determined for the waste rock material in 

each test pit. In addition, the cross-section data provided information on the location of the test 

pits relative to the original ground surface or the original dump top surface. The original ground 

topography was determined from the Placer Amex Inc. Orthophoto Map which was produced 

from aerial photography flown on July, 25, 1972. 

The data obtained from the cross-sections produced along with the gravimetric water content 

data was used to document the distribution of moisture within the waste rock pile. 

6.3 LABORATORY PROGRAM 

The laboratory program was designed to classify the samples obtained from the field program 

and determine the hydrogeologic properties of representative samples chosen on the basis of the 

sample classification. This section discusses the objectives and procedures followed during the 

laboratory program. 

6.3.1 Objectives 

The primary focus of the laboratory program was to classify the samples obtained during the 

field program and determine the hydrogeologic properties for representative samples from each 

classification. The tasks completed during the laboratory program include: 

1. grain size distribution analysis, 

2. paste pH analysis for all samples used for grain size distribution analysis, 
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3. sample classification on the basis of grain size distribution, 

4. modified pressure plate analysis to determine the soil-water characteristic curves for 

representative samples, 

5. specific gravity tests on representative samples and 

6. saturated hydraulic conductivity tests on representative samples. 

6.3.2 Laboratory Procedures 

The following section describes the procedures used in performing the tasks completed during 

the laboratory program. 

6.3.2.1 Grain Size Distribution Analysis 

Grain size distribution analysis was performed on 96 samples. Samples were sieved according to 

standard test procedures for the analysis of fine and coarse aggregates (ASTM C 136). Materials 

were first sieved using a large mechanical sieve shaker with 50.8 mm (2 inch), 38.1 mm (1.5 

inch}, 19.1 mm (0.75 inch), 12.7 mm (0.5 inch) and 9.5 mm (0.375 inch) sieves installed. Care 

was taken to prevent the loss of material during sieving. Fine material passing the 9.5 mm (0.375 

inch) was split using a mechanical splitter and sieved in a smaller mechanical sieve shaker. 

Splitting into 112 or 114 splits was performed on some samples depending on the amount of 

material retained on the pan from the large mechanical sieve analysis. Splitting of the sample 

was required to prevent overloading of the small sieves. The small sieve shaker was a Ro-Tap® 

mechanical testing sieve shaker containing round brass frame, steel mesh sieves (ASTM Ell 

classification). The percentage of material passing the# 4, #12, #20, #40, #60, #100, #200 sieve 

and retained on the pan was determined. All samples were dry sieved with no washing. 

Washing of the samples was avoided to prevent additional weathering of the samples which were 

stored for further analysis. The grain size distribution curves are included in Appendix B. 

Samples from very coarse layers were not sieved for grain size analysis. A large test sample is 

required for samples which contain large particle sizes in order to produce a representative 

sample for grain size distribution analysis. For example, sample sizes of up to 500 kg are 

required to represent material. with a nominal maximum size of 150 mm (6 in.). Samples of this 
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size were not practical. As a result, sample sizes suitable for grain size distribution analyses for 

very coarse layers were not available. 

6.3.2.2 Paste pH Analysis 

A paste pH analysis was performed on every sample tested for grain size distribution. Paste pH 

is a quick test procedure that determines the pH of a sample produced from a mixture of water 

and fine waste rock material (Steffen Robertson and Kirsten et al, 1989). This test provides an 

indication of whether significant acid generation has occurred in the sample. A 2: 1 water to 

waste rock ratio was used for the paste pH analysis. One part of the material retained on the pan 

passing the 75 Jlm sieve and two parts distilled water by weight was mixed to produce a paste. 

The pH was then measured using a Fisher Accumet® pH meter by placing the measuring 

electrode assembly into the 2: I paste. A pH of less than 4 indicated that the material contains 

readily available acidity resulting from prior oxidation of sulfide minerals (Steffen Robertson 

and Kirsten et al., 1989). 

6.3.2.3 Sample Classification 

The waste rock samples were classified using the results of the grain size distribution analyses. 

The classification criteria were based on the percentage of material passing the #4 sieve. Waste 

rock material was classified into six groups containing less than 10%, 10% to 19%, 20 to 29%, 

30% to 39%, 40 to 49% and greater than 50% passing 4.75 mm (#4) sieve. Representative 

samples were chosen for further laboratory analysis from each classification group. 

6.3.2.4 Large Diameter Pressure Plate Analysis 

Soil water characteristic curves were determined using a large specialized pressure plate. The 

cell chamber was approximately 17.8 em in height from the top of the cell to the top of the high 

air entry disk with an internal diameter of approximately 15.6 em. The large pressure plate cell 

operates on the same principles as the standard modified pressure plate cell or tempe cells. The 

difference between the large modified pressure plate cell and standard pressure plate cells is the 

size of the apparatus and the size of the sample being tested. The large modified pressure plate is 

capable of handling coarse waste rock samples greater than 3 kg in mass. The large size allows 
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for a more representative sample, including the coarse fraction, to be tested. Figure 6.1 

illustrates a schematic cross-section of the large modified pressure plate cell used to test waste 

rock. 

The waste rock sample was placed directly inside the pressure plate cell on top of a high air entry 

disk located at the base of the cell. The air entry value of the high air entry disk must exceed the 

matric suction values being applied to the sample. The air entry value of the disk is the matric 

suction at which air begins to enter the disk. If the matric suction applied to the sample is greater 

than the air entry value of the disk, air will enter the high air entry disk and the water 

compartment will fill with air bubbles resulting in erroneous measurements. The specialized 

pressure plate equipment used to test the waste rock had a 1 bar high air entry disk. Matric 

suctions during applied during testing therefore, never exceeded 100 kPa. The high air entry disk 

was saturated before testing. Two outlets were located at the base of the pressure plate below the 

high air entry stone. These outlets were used to flush air bubbles from the water compartment at 

the base and allow water to drain from the waste rock sample. 

A representative sample of approximately 3000 g was used in the pressure plate cell. The 

samples were placed in a saturated slurry state inside the pressure plate directly on top of a 

saturated high air entry disk. Attempts were made to avoid any segregation during the placement 

of the material inside the cell. Any fines remaining were rinsed into the cell. The excess water, 

which accumulated on top of the sample during the initial placement, was allowed to drain from 

the cell. Any fines that may have settled out of the water column were gently mixed into the top 

sample to avoid a skin or layer of fines from developing on the top of the sample. Once this was 

complete, the top of the sample is mounted onto the cell and the test was ready to begin. At this 

point, the cell containing the saturated sample was weighed. 
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Figure 6.1 Schematic diagram of a large modified pressure plate cell used to test waste 
rock. 

A different sample preparation procedure was used for coarse grained waste containing a smaller 

percentage of fine grained material (containing less than 40% passing the 4.75 mm sieve). A 

saturated slurry sample was not suitable for this type of material because the fines, which were 

dispersed through the open interparticle void spaces, would segregate to the bottom of the cell 

when the material was placed. A layer of fine grained material would accumulate on the high air 

entry disk at the base of the cell as a result of the fines settling through the open pore spaces 

during placement of the sample. Therefore, this type of material was placed into the cell in a 

moist, unsaturated state to avoid the accumulation of the fines at the base. Water was added to 

the sample to moisten the fines and the sample was mixed thoroughly. This produced a more 

even distribution of fines through the sample as they collected on the coarse particle surfaces. 

The material was then placed into the cell. The waste rock sample was then slowly saturated 

from the base of the cell once the sample was placed. This was done by elevating one of the 
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drainage lines above the cell creating a head of water. The water in the drainage tube was 

allowed to drain through the base and high air entry disk to the sample. In this way, the waste 

rock sample was slowly saturated from the base. Water was periodically added to the drainage 

line until the sample was saturated. Once the sample was saturated the test modified pressure 

plate test began. 

During the initial stages of the test, the top of the cell was left open to the atmosphere through a 

valve located in the center of the lucite top. Matric suction was applied by setting the end of one 

of the drainage lines below the base of the high air entry disk. This was a direct measurement 

technique for applying a matric suction to the sample. Water was allowed to drain from the 

samples until the water pressure head inside the waste rock sample came to equilibrium with the 

negative pressure head applied at the end of the drainage line. The cell was weighed once 

equilibrium was reached. After the mass of the cell was determined, the matric suction was 

increased and the sample was allowed to come to equilibrium with the increased matric suction. 

This procedure was repeated for each increment of matric suction applied to the sample. All the 

values of matric suction applied using this method were referenced to the base of the high air 

entry disk located at the base of the cell. 

In general, the procedures described above were used for determining values of matric suction up 

to 10 kPa during testing of the waste rock samples. It was not practical to use the drainage line to 

apply values of matric suction beyond this pressure because the tube must be dropped several 

meters below the sample to apply higher negative pressures. Other limitations exist in the direct 

measurement technique. Water cavitates at approximately 101 kPa negative pressure. If water 

cavitates during the test, air bubbles accumulate in the water compartment below the high air 

entry disk and erroneous pore-water pressure measurements will result. These limitations were 

avoided by using the axis-translation technique. 

The axis translation technique involves translating the reference pressure to pore air pressure and 

uses air pressure to apply a matric suction to the sample. This technique requires both pore-air 

pressure and pore-water pressure be controlled. Air pressure is controlled by applying an air 

pressure, to the sample, through a valve at the top of the cell (ua= applied air pressure). The 

drainage line is kept equal to atmospheric pressure ( Uw = 0 gauge pressure). This maintains the 

water pressure in the water compartment located below the high air entry disk equal to zero 
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gauge pressure. The matric suction, at any time during the test, is equal to the positive pore air 

pressure applied, when using the axis translation technique. If the air pressure is increased and 

the pore-water remains equal to zero gauge pressure, the matric suction in the soil sample will 

also increase and eventually come in equilibrium with the applied air pressure. 

Once equilibrium was reached for a given air pressure applied to the pressure plate, the matric 

suction in the sample was equal to the applied air pressure. The change in water content with the 

applied matric suction was determined by weighing the sample and cell. Once equilibrium was 

reached higher pressures were then applied and the procedure was repeated. The sample was 

removed once the highest matric suction had been reached. The final water content of the waste 

rock was then determined at the end of the test. The water content and change in weight due to 

water draining from the sample, at each level of matric suction were used to calculate the 

individual water contents at the values of applied matric suction. The volume of the sample at 

the end of the test was used to calculate the volumetric water content of the sample for each 

matric suction. The soil water characteristic curve for volumetric water content as a function of 

matric suction was then plotted for each sample. 

6.3.2.5 Specific Gravity Testing 

Specific gravity tests were performed on all representative samples used in the characterization 

of the soil water characteristic curve for the waste rock samples. The ASTM test procedure for 

specific gravity and absorption of coarse aggregate (ASTM: C 127-88) were followed. The test 

was performed on representative samples with the passing 2.36 mm (#8 sieve) material removed. 

A sample of the waste rock was immersed in water for approximately 24 hours to fill all pores 

with water. The material was then removed from the water and dried to remove all water from 

the surface of the waste rock particles. The sample was weighed and then weighed while 

submerged in water. The sample was then oven dried and weighed for 24 hours and weighed 

again. 

6.3.2.6 Constant Head Saturated Hydraulic Conductivity Analysis 

Saturated hydraulic conductivity values were determined on the passing 2.36 mm (#8) sieve 

fraction of the representative sample from the classification group containing 40 - 49% and 
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greater than 50% passing the 4.75 nun (#4) sieve. A third sample, representing the sample group 

containing greater than 50% passing the 4.75 nun (#4) sieve, was tested for the passing 4.75 nun 

fraction of the sample. The fine portion of these samples either passing the 2.36 nun or 4.75 nun 

was chosen to represent the hydraulic conductivity of the entire sample. This assumption was 

made to avoid using a larger, flexible wall permeameter equipment which would be required if 

the entire sample (i.e. including particles greater than 50.8 nun) were used. A constant head test 

procedure was used to determine the saturated hydraulic conductivity values. Figure 6.2 

illustrates a schematic diagram of the constant head permeameter apparatus used and highlights 

some of the principles and measurements involved in the constant head permeability test. 

The constant head permeability test determines the saturated hydraulic conductivity of a sample 

by applying a constant head across a cross-sectional area of sample. The value of hydraulic 

conductivity (k) was calculated from measurements of the flow rate using Darcy's law. The 

hydraulic gradient was set by controlling the elevation of the inflow and outflow tubes. Figure 

6.2 shows the difference in head (h1 - h2) for a constant head test. The gradient was determined 

by dividing the difference in head by the length of the sample. The quantity of water passing 

through the sample and exiting along the outflow tube was determined by taking periodic 

readings using a graduated cy Iinder or by weighing the amount of water in the graduated 

cylinder. 

Relatively high permeabilities were expected for the waste rock material being tested. The 

porous stone normally used with this apparatus was therefore removed and replaced with coarse 

clean silica sand. Filter paper was used to separate the waste rock sample from the coarse sand. 

The hydraulic conductivity of this apparatus, containing the coarse sand and filter paper used was 

determined to be 3.4 x 10 -I crnls. The flow rate was kept small to avoid head loss through the 

filter paper and coarse sand when using the inlet and outlet lines to set the difference in heads. 
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Schematic diagram showing constant head permeameter apparatus and 
the principles of the constant head permeability test. 

The waste rock samples were thoroughly mixed before placement in the cell. The waste rock 

samples were placed in the permeameter cell on top of the filter paper in uniform thin layers 

using a soil scoop. Each layer was leveled and lightly tamped to ensure uniform layers were 

being placed. The samples were placed until the height of the sample was a maximum of 1 em 

below the top lip of the permeameter cell. The height of the sample was then measured. A filter 

paper was placed on top of each waste rock sample and coarse silica sand was then added. The 

top of the permeameter was then bolted tight. 

The waste rock sample was saturated from the bottom using the inlet hose once the lid was 

secured in place. A port on top of the sample was opened to facilitate the removal of air. Once 

the sample was saturated, the outflow line was filled with water and the second port on top of the 

lid was closed. 



Chapter 6 Phase II- Data Reduction and Laboratory Analysis Page 93 

A constant head, applied to the inflow line, was maintained during testing using a constant head 

reservoir that was kept overflowing during the test. Flow through the sample was allowed to 

occur for a minimum of one hour prior to testing. During the test, the outflow flow rate was 

determined by recording the time the water level in the outflow reservoir (usually a graduated 

cylinder) reached a predetermined mark (for example, every 10 ml). Alternatively, the mass of 

water in the outflow reservoir was recorded at predetermined intervals. Tests ran for a minimum 

of 30 minutes. Once the first test was completed, the hydraulic gradient was changed and the test 

was repeated for the same sample at the new gradient. Three gradients were used for each 

sample. 

Upon completion of the test the permeameter cell was drained and the lid was removed. The 

height of the sample was again measured to determine if any volume change occurred during 

testing. The sample was then carefully removed and dried. The mass of the dried sample and 

recorded volume was used to determine the dry density of the sample during testing. 

6.3.2. 7 Hydraulic Conductivity as a Function of Matric Suction 

The hydraulic conductivity for the unsaturated waste rock is not constant, rather it is a function 

of water content which in tum is a function of matric suction. A curve fitting method, developed 

by Fredlund et al., ( 1994) was used to determine the hydraulic conductivity function based on the 

soil water characteristic curves measured using the large modified pressure plate equipment. The 

curve fitting program called CVIEW (Xing, 1993) uses a non linear least-squares regression to 

provide a best fit for the suction versus water content experimental data (Fredlund et al., 1994). 

The program did not require a value for the residual water content. The hydraulic conductivity 

function was calculated by numerical integration once the best fit soil water characteristic curve 

was determined (Fredlund et al., 1994). 

The analysis produces a data file for each sample with the calculated values of relative hydraulic 

conductivity and corresponding values of matric suction. The relative hydraulic conductivity is 

used to relate the hydraulic conductivity at a given matric suction to the saturated hydraulic 

conductivity. Saturated hydraulic conductivity values were then used to calculate the actual 

hydraulic conductivity for the range of matric suctions required. The hydraulic conductivity 
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function was then produced by plotting the calculated unsaturated hydraulic conductivity versus 

matric suction. 
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CHAPTER 7 

PRESENTATION OF RESULTS 

7.1 INTRODUCTION 

This chapter presents the results from the field and laboratory programs. The field program 

produced both qualitative and quantitative data. Photographs are used to support the discussion 

of the observations presented. 

7.2 PHASE I- FIELD PROGRAM 

The field program focused on defining the internal structure of the waste rock dump, measuring 

the moisture distribution in the dump and obtaining samples for further analysis. This section 

presents the observations and results obtained from the field program. 

7 .2.1 Observations Made During The Field Logging Program 

A standard logging and sampling procedure was used throughout the field program. Test Pits 

were logged and sampled according to the procedure described in section 5.4. Detailed field logs 

are presented in Appendix A. 

The east waste rock pile was constructed by end-dump construction techniques from late 1982 to 

1994. Waste rock was loaded into haul trucks in the open pit and hauled to the crest of the 

waste rock pile. Platform elevations 5558, 5500, 5477, 5437 and 5369 have been used during pile 

construction. The material was end dumped from the crest of the pile and allowed to flow down 

the pile slope, at the angle of repose of the material. Generally a bulldozer worked the crest of 

the platform to assist in pushing material over the crest and to maintain safety berms along the 

crest. The crest and toe of the pile gradually progress outward while the elevation of the 

platform was maintained as the pile was built. Waste rock was dumped from a platform onto the 

Page 95 
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original ground surface which had been previously stripped of soil or it was dumped onto a 

lower platform elevation on the waste rock pile. 

The waste rock pile has the characteristics of a terraced, side-hill waste rock pile. The waste 

rock pile was constructed outward along the side of a topographic high called Mineral Hill where 

the open pit mine is located. Furthermore, the pile has the characteristics of a terraced pile 

because several platform elevations have been used during construction . Figure 7 . I illustrates 

the waste rock pile showing features of a side hill terraced waste rock pile. 

Figure 7.1 Eastern side of the east waste rock dump complex at Golden Sunlight Mines Inc . 

The field logging and sampling program has shown a highly structured, heterogeneous waste 

rock pile. The structure or dipping layers of waste rock material in the waste rock pile was 

defined by color and/or grain size differences. The layers were found to be dipping at 

approximately the angle of repose (approximately 40°) of the material with a strike at an angle 

consistent with the edge of the dump top surface from which the material was end dumped. The 

layers within the pile were found to range in thickness from thin lenses (1 0-20 em) to wide layers 

with a thickness of several metres. Waste rock material in the layers were found to consist of 
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only one rock type (e.g., shale or latite) or a combination of rock types. Figure 7.2 shows the 

highly defined layered structure visible on the excavation backwall constructed during the 

excavation operations. 

Shale and latite rock types were found to be the dominant rock type found in the pile. Other rock 

types found within the pile included mafic rocks (potassic trachybasalts and basaltic andesites) 

and lampophyre rocks. However, these rocks represent minor rock types overall. Massive and 

disseminated sulfide mineralization occurs in both the (shale) and igneous (latite) rock types. 

The dominant sulfide mineral found was pyrite. 

Figure 7.2 Photograph showing highly defined layered structure visible on a backwall 

produced during the excavation operations 

Color differences with very sharp contacts between layers were found to be common in this pile. 

Colors ranging from dusky red to reddish yellow to yellow and olive colors occurred across very 

sharp contacts. The color differences highlight the structure within the pile. In some instances, 
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color changes occurred where no visible change in grain size was apparent. Figure 7.3 illustrates 

the sharp color changes defining the layering. 

Figure 7.3 Sharp color differences defining the layering within the pile. 

Grain size differences from coarse "rubble layers" with large open interparticle voids to fine 

layers with a significant percentage of silt and sand matrix infilling interparticle voids were 

observed. Extreme changes in grain size distribution from coarse to fine material were found to 

occur over adjacent layers marked by sharp contacts dipping at angles consistent with the overall 

structure within the pile. Figure 7.4 shows a coarse waste rock layer surrounded by fine waste 

rock across sharp contacts. 



Chapter 7 Presentation of Results Page 99 

In addition to coarse, dipping waste rock layers situated within the pile, a coarse rubble zone was 

found to occur at the base of the pile. Evidence from a test pit excavated near the base of the 

waste rock pile, along with evidence from the existing toe of the slope, appeared to confirm the 

presence of a coarse rubble zone at the base of the pile. 

Figure 7.4 Coarse waste rock layer surrounded by fine waste rock across very sharp 

contacts 

In areas where waste rock has been placed recently (within the last year), a zone of fresh, 

unweathered rock was found. On the outer edges of the pile, material dumped within the last 

year or two has not had time to weather significantly and shows little signs of physical and 

chemical weathering. In contrast, material farther inside the waste rock pile showed signs of 

weathering and breakdown. Ferric hydroxide staining, oxidation of pyrite minerals, breakdown 

of the rock particles and secondary mineral precipitation were just some of the signs of chemical 

weathering of the waste rock within the pile. It should be mentioned that although signs of 

weathering, either slight or very pronounced were common, not all layers showed weathering or 

the same degree of weathering. Figure 7.5 shows waste rock, placed in 1993, with little sign of 



Chapter 7 Presentation of Results Page 100 

weathering. Figure 7.6 shows waste rock placed in the pile before 1987 with evidence of 

weathering. Although contrasts in weathering are apparent in Figure 7.5 and 7 .6, it should be 

emphasized that no quantitative rate of weathering is implied by the comparison of these two 

photographs. These photographs are used to illustrate the contrast in material that was found in 

this waste rock pile. A detailed discussion of weathering and weathering rates is provided in 

Chapter 8. 

Figure 7.5 Waste rock placed in the pile in 1993 showing little sign of weathering. 
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Waste rock material placed in the pile earlier than 1987 showing evidence of 

weathering. 

7.2.2 In situ Measurements 

In situ measurements of water content, matric suction, temperature and relative humidity were 

obtained, where possible, during the field program. Water contents were obtained for every layer 

described during the field program except those too coarse to sample. Test procedures followed 

the ASTM D 2216-90 standard test method for Laboratory Determination of Water Content of 

Soil, Rock and Soil-Aggregate Mixtures. Table 7.1 presents the gravimetric water contents for 

the bulk samples and passing 9.5 mm sieve fraction samples obtained during the field program. 

Matric suction measurements were attempted using a tensiometer manufactured by Soil 

Measurement Systems of Las Cruces New Mexico. Several problems became apparent when 

trying to use this tensiometer to measure the negative pore-water pressure in the waste rock 

material. The method was found only to be suitable for measuring matric suctions in the finest 

layers found within the waste rock pile. Even when attempting to install the ceramic cup into a 
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pre-bored hole in the finest layers, many difficulties arose. First, although many layers contain 

fine silt matrix, they also contain a significant percentage of sand and gravel size particles. Pre

boring a hole to allow for a ceramic cup to be inserted into the material was difficult. Rock 

particles often obstructed the ceramic cup from being inserted. In addition, rock particles would 

either bridge across the cup or ravel out creating a bigger hole than desired. The presence of 

coarse particles resulted in poor contact between the ceramic cup and the surrounding material. 

In addition, many of the layers encountered were very dry with water contents of 2% or less. 

Tensiometers are limited to values of matric suction equal to 90 kPa due to cavitation of the 

water in the tensiometer and were not capable of measuring matric suctions in many of the layers 

because of very low water contents. 

Higher water contents were encountered in the upper portion of the pile. The moisture 

distribution in the pile is discussed in detail in Section 7 .2.1. In this zone, it was more likely that 

negative pore water pressures were within the range capable of being measured by the 

tensiometer. However, problems resulted from using the tensiometer in sub-zero temperatures. 

The deaired water froze before equilibrium would be reached. Freezing took place within a 

couple of minutes after the deaired water was added to the tensiometer. Freezing was generally 

in the form of. a thin lens of ice that formed at the top of the tensiometer tube. Accurate readings 

were impossible once freezing of the deaired water began. 

The suction measurements taken using a tensiometer are unreliable for many of the reasons just 

discussed. These measurements have been included in Table 7.2 but the validity of these 

measurements is highly questionable. In general, tensiometers are not suitable for measuring 

matric suction in waste rock. 
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Table 7.1 Gravimetric water content data for total and passing 9.5mm sieve samples 

TP1GS1 TP15GS1 
TP2 na na TP15GS2 

TP3GS1 4.4 5.9 TP15GS3 
TP3GS2 2.2 3 TP15GS4 
TP3GS3 2.2 9.8 TP16GS1 na na 
TP3GS4 3.1 3.5 TP16GS2 0.4 0.7 
TP4GS1 0.02 0.04 TP16GS3 0.3 0.5 
TP4GS2 0.38 0.51 TP16GS4 na na 
TP4GS3 0.35 0.45 TP16GS5 0.8 1.9 
TP4GS4 0.55 1.1 TP16GS6 0.6 1.1 
TP4GS5 0.5 .0.67 TP16GS7 0.9 1.5 
TP5GS1 0.56 0.7 TP17GS1 1.2 1.9 
TP5GS2 0.4 0.51 TP17GS2 4 7.1 
TP5GS3 na na TP17GS3 1.6 3 
TP5GS4 0.5 0.5 TP17GS4 3.7 4.9 
TP5GS5 2 3.7 TP17GS5 2.6 4.1 
TP5GS6 0.49 0.68 TP18GS1 2 2.5 
TP6GS1 0.37 0.43 TP18GS2 2 2.9 
TP6GS2 0.12 0.16 TP18GS3 1.5 1.8 
TP6GS3 0.06 0.4 TP18GS4 1.6 2.7 
TP6GS4 0.23 0.39 TP18GS5 2 2.7 
TP6GS5 0.24 0.3 TP18GS6 2 3 
TP7GS1 2.1 4.1 TP18GS7 2 2.2 
TP7GS2 3.1 6.2 TP19GS1 0.7 1.1 
TP7GS3 8.4 9.4 TP19GS2 na na 
TP7GS4 2.1 4.6 TP20GS1 0.8 1.2 
TP7GS5 4.4 7.1 TP20GS2 0.5 2 
TP7GS6 3 5.4 TP20GS3 na na 
TP7GS7 3.8 5.5 TP21GS1 0.7 0.8 
TP7GS8 4 7.7 TP21GS2 0.5 0.6 
TP8GS1 na na TP21GS3 0.2 0.3 
TP8GS2 0.41 0.74 TP22GS1 2.3 12.3 
TP9GS1 1.1 2 TP22GS2 4.5 5.2 
TP9GS2 2.7 3.2 TP22GS3 na na 
TP9GS3 0.95 1.4 TP22GS4 1.5 3 
TP10GS1 0.6 0.9 TP22GS5 0.6 1.2 
TP10GS2 0.5 0.9 TP23GS1 0.3 0.9 
TP10GS3 2.5 3.3 TP23GS2 0.9 1 
TP10GS4 na na TP23GS3 1 1.2 
TP11GS1 0.7 0.8 TP23GS4 2.5 2.9 
TP11GS2 0.7 1.1 TP23GS5 3.2 3.8 
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Table 7.1 (continued) Gravimetric water content data for total and passing 9 .5mm samples 

TP11GS3 
TP11GS4 
TP11GS5 
TP11GS6 
TP12GS1 
TP12GS2 
TP12GS3 
TP12GS4 
TP12GS5 
TP13GS1 
TP13GS2 
TP13GS3 
TP13GS4 
TP14GS1 
TP14GS2 
TP14GS3 
TP14GS4 

Table 7.2 

0.5 0.8 TP23GS6 
0.6 0.6 TP24GS1 
0.4 0.5 TP24GS2 
na na TP24GS3 
na na TP24GS4 
na na TP25GS1 
na na TP25GS2 
na na TP25GS3 
na na TP25GS4 
0.7 na TP25GS5 
2.3 2.5 TP26GS1 
na na TP26GS2 

1.78 2.2 TP26GS3 
2.9 5.2 TP26GS4 
4.3 6.2 TP26GS5 
2.1 3.3 TP26GS6 
2.8 6.3 TP26GS7 

TP27GS1 
TP27GS2 
TP28GS1 
TP29GS1 

Matric suction results obtained using a tensiometer. 

TP3GS1 
TP3GS2 
TP3GS3 
TP3GS4 
TP5GS1 
TP7GS1 
TP7GS3 
TP7GS6 
TP7GS7 

TP11GS1 
TP15GS2 
TP25GS1 
TP25GS2 

381 
60 
78 
154 
220 
23 

200 
53 
20 

657 
38 
113 
24 

6.3 
7.5 
na 
3.5 
na 

13.3 
8.9 
5.2 
6.9 
5.7 
5 

8.7 
5.8 
4.2 
6.3 
9.5 
1 

0.8 
0.7 
1.3 
1.5 

5.9 
3 

9.8 
3.5 
0.7 
4.1 
9.4 
5.4 
5.5 
0.8 
10.7 
18.3 
16 

7.4 
10.5 
na 
6.2 
na 

18.3 
16 
7.4 
4.5 
8.4 
7.2 
12.4 
13.1 
8.6 
7.8 
9.5 
0.5 

1 
1 

3.4 
3.8 
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Due to the difficulties encountered when attempting to use a tensiometer, the filter paper method 

was used to measure matric and total suction. The ASTM procedure D5298-92 was followed for 

the measurement of soil suction. The procedure used is described in section 5.5. Table 7.3 

presents the values of total and matric suction determined using the filter paper method. 

Table 7.3 Results From Filter Paper Analysis For Total and Matric Suction 

TP16GS2 48959 0.7 
TP16GS3 54789 0.5 
TP18GS2 20326 2.9 
TP18GS3 23102 16631 1.8 
TP18GS6 23161 3 
TP23GS2 45036 1 
TP23GS3 41090 1 
TP23GS4 31361 26284 1.2 
TP23GS5 16397 3.8 
TP23GS6 3461 1327 7.4 
TP25GS1 2737 5.7 18.3 
TP25GS2 4486 7.35 16 
TP26GS4 4119 8.6 
TP26GS5 2593 7.8 
TP26GS6 5435 9.5 

Matric suction measurements were difficult to determine using the filter paper method. 

Difficulties arose in trying to place the filter papers within good contact with the waste rock 

sample. On occasion, coarse particles (i.e. sand and gravel sized) came in contact with the filter 

papers. Air pockets between the sample and the filter paper can result from coarse particles 

producing a ridge under the filter paper. This may have influenced the method of moisture 

transfer over that portion of the filter paper. Liquid water flow between the soil and filter paper 

is required for the filter paper to come in equilibrium with the matric suction of the soil. In 

places where good contact between the filter paper and the sample was not made, liquid flow 

between the sample to the filter paper was inhibited. However, vapour flow can occur and as a 

result the filter paper in this portion of the sample will come into equilibrium with total suction. 

In general, the accuracy of the filter paper method for measuring matric suctions is still 

questionable. 
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Temperature and relative humidity values were determined using a portable Vaisala HMI 31 

relative humidity and temperature indicator. Temperature and relative humidity values were 

determined using the procedure outlined in section 5.5. Table 7.4 summarizes the average 

temperature and relative humidity values measured in each test pit. 

Several difficulties became apparent when using the portable relative humidity and temperature 

indicator to determine temperature and relative humidity values for the various layers. Attempts 

were made to prebore a hole into which the probe would be inserted. Poor stability of the bored 

hole, and in some instances, the pit wall itself made it difficult to get readings in some layers. In 

addition, in layers where coarse material containing large open voids existed, it was difficult to 

minimize the effects of the atmosphere on the readings. 

During the second field trip the probe was damaged. The damage resulted in the probe not 

detecting relative humidity values during the third and fourth field investigations. The instrument 

was however still capable of determining temperature readings and these were recorded during 

this period. During the second, third and fourth field trips the outside air temperature was below 

the operating temperature of the instrument. The measuring probe was always exposed to the 

cold atmosphere while measurements were taken, however attempts were made to keep the main 

unit warm. 

A potential source of error in using the temperature and relative humidity readings to 

characterize conditions in the waste rock pile was related to the excavation operations. The 

excavation operations exposed waste rock previously situated within the pile to near atmospheric 

conditions. In many instances, benches on which test pits were being excavated, were exposed 

weeks before the field program was conducted on these benches. The effect on temperatures and 

relative humidity measurements resulting from the off loading operations exposing waste rock 

within metres of the atmosphere prior to sampling is unknown. Seasonal fluctuations in 

temperatures have been monitored at depth in the northwest dump reclamation monitoring 

program (Smith et al., 1995). This indicates that seasonal climatic changes influence readings at 

depth and may have influenced the readings taken during this program. 

In addition, a potential source of error exists for some readings that may have been effected by 

watering used in the control of dust during the excavation operations. Trucks watered haul roads 
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on the bench surfaces and on the excavation faces to control dust for health and safety reasons. 

On some occasions, moisture in some test pits (i.e. test pits 14, 15 and 17) appeared to have 

originated from the dust control watering operations. Rainfall may have influenced the relative 

humidity measurements obtained in test pit 9. 

Table 7.4 Average temperature and relative humidity data 

TP1 25 17.0 11.0 TP16 -3.1 28.7 58.4 
TP2 25 na na TP17 -3.1 10.5 96.0 2 

TP3 25 25.3 . 91.0 TP18 5 25.2 na 
TP4 22 25.9 52.8 TP19 5 14.9 na 
TP5 25 48.6 67.0 TP20 na 13.0 na 
TP6 18 19.4 21.1 TP21 8.5 14.0 na 
TP7 25 26.8 96.0 TP22 0 18.8 na 
TP8 24 25.7 26.2 TP23 0 na na 
TP9 na 17.4 102.4 I TP24 0 na na 

TP10 na na na TP25 -10 30.1 na 
TP11 6.5 26.0 49.0 TP26 -5 23.8 na 
TP12 na na na TP27 -15 5.9 na 
TP13 3.3 4.1 94.7 TP28 -8 2.4 na 
TP14 3.3 3.3 103.3 2 TP29 0 3.4 na 
TP15 1.2 16.9 101.4 2 

1 measurement may have been influenced by rain 

2 measurements may have been influenced by watering used for dust control during excavation 
operations 

Density measurements were made on various types of material found in the waste rock pile using 

the sand replacement method. The procedure used is described in Section 5.5. Dry density 

results ranged from 1.5 g/cm3 to 2.1 g/cm3
. 

7.3 PHASE II-- DATA REDUCTION AND LABORATORY ANALYSIS 

The objectives of the second phase of the research program were to compile and correlate the 

field data focusing on the construction history, internal structure and the distribution of moisture 

within the pile and to classify and define the hydrogeological properties of the waste rock 

material. The following section presents the results from phase II of the research program. 
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7 .3.1 Field Data Compilation And Correlation 

The first task upon completion of the field program was to compile and correlate the field data. 

Field logs were prepared summarizing the physical descriptions, in situ measurements and 

sample records. The field logs are presented in Appendix A. 

As-built drawings supplied by Golden Sunlight Mines Inc. were used to determine the age and 

position of the various test pits within the pile. Drawings for the years 1987, 1988, 1989, 1990, 

1992 and 1993 were provided and document the crest and toe positions of the east waste dump 

complex for each year. Figure 7. 7 shows the location of the cross-sections. Cross-sections A-A', 

B-B', C-C' and D-D' are shown in Figures 7.8, 7.9, 7.10, and 7.11 respectively. These cross

sections show the position of the test pits with respect to the dump top surface, original ground 

contact and the crest and toe positions for each year documented on the as-built drawings. The 

crest and toe locations for each year document the construction history of the dump in the cross

sections and the age of the test pits can be estimated from the position with respect to the toe and 

crest positions. Table 7.5 is a summary of the age and elevation of each test pit excavated during 

the field program. Test pit 29 is located outside the last crest and toe position on cross-section 

D-D' and represents a test pit dug in material placed in 1994. Crest and toe position for 1994 

were not available at the time these drawings were produced. 

Table 7.5 Summary of test pit age and elevation 

TP1 1992 5416 TP15 1989 5363 
TP2 1992 5421 TP16 1989 5366 
TP3 1990 5423 TP17 ~1987 5358 
TP4 1989 5425 TP18 1992 5358 
TP5 ~1987 5416 TP19 1989 5366 
TP6 1988 5424 TP20 1990 5366 
TP7 ~1987 5428 TP21 1992 5367 
TP8 1989 5424 TP22 1990 5298 
TP9 1993 5355 TP23 1992 5294 
TP10 ~1987 5360 TP24 1989 5292 
TP11 1988 5360 TP25 ~1987 5424 
TP12 1989 5360 TP26 ~1987 5524 
TP13 1989 5360 TP27 1992 5252 
TP14 1992 5360 TP28 .1993 5252 

TP29 1994 5214 
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The distribution of water within the pile was determined by plotting the gravimetric water 

content data with respect to the depth below the original dump top surface. The depth below the 

original dump top surface was established from as-built drawings, cross-sections and survey 

elevations of each test pit. Figure 7.12 illustrates the gravimetric water content distribution with 

depth below the original dump top surface . 

• I 
0 2 4 6 8 10 12 14 

Gravimetric Water Content% 

Figure 7.12 Gravimetric water content distribution with depth below dump top surface 

7.3.2 Laboratory Program 

The second objective of the laboratory program was to classify the material and define the 

hydrogeologic properties of the waste rock material sampled during the field program. 

7.3.2.1 Sample Classification 

The samples were classified on the basis of grain size analysis as outline in section 6.3.2.1. In 

addition, paste pH analyses were performed on the passing #200 sieve portion of the samples for 

which grain size distribution analyses were conducted. Paste pH analyses were conducted to 
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examine whether the pH of the material may provide additional information useful in classifying 

the samples. Paste pH data were not used as a criterion for the classification of the field samples. 

Figure 7 .13, through 7.18 illustrate the grain size distribution curves and classified into groups 

containing less than 10%, 10% to 19%, 20 to 29%, 30% to 39%, 40 to 49% and ~50% passing the 

#4 sieve. These figures are used only to illustrate the range of grain size distribution curves and 

list the samples in each classification group. Appendix B provides the grain size distribution 

curve for individual samples. Only suitab~.e samples were chosen for grain size distribution 

analysis and grain size distribution analyses were not performed on samples that were too coarse 

to be representative. For example, samples with large maximum particle sizes very large sample 

weights are required. For this reason the extremely coarse waste rock materials in the waste rock 

pile were not sampled. 
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Figure 7.14 Grain size distribution curves containing 10 to 19% passing the #4 sieve. 
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Figure 7.18 Grain size distribution curves containing greater than 50 % passing the #4 sieve. 

Paste pH analyses were performed at a 2:1 water to waste rock ratio. The paste pH procedure 

was described in section 6.3.2.2. Table 7.6 summarizes the paste pH data for the samples tested. 

The change in pH over time can be examined by plotting the paste pH distributions for materials 

placed in the pile during different years of construction. Figure 7.19 shows the paste pH 

distribution for samples placed in the waste rock pile from 1987 to 1993. The maximum and 

minimum paste pH value trends are plotted to examine overall change with time. 
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92 91 90 89 88 87 

Age (year of placement in pile) 

Paste pH distribution for samples of waste rock which were placed in the pile 
during different years 

Large Diameter Pressure Plate Analysis 

Soil water characteristic curves were determined for representative samples from each group of 

samples classified on the basis of the grain size distribution analyses. The soil water 

characteristic curves were determined using a large diameter pressure plate cell and followed the 

procedure outlined in section 6.3.2.4. Soil water characteristic curves were determined for two 

samples chosen from the group of samples containing ~50% passing and one representative 

sample from the groups of samples containing 40% to 49%, 30 to 39% and 20 to 29% passing the 

#4 sieve. Samples were chosen to represent the upper (TP5GS1) and lower (TP7GS4) range of 

the band of grain size distribution curves in the ~50% passing the #4 classification group. Figure 

7.20 illustrates the grain size distribution curves for the representative samples chosen for large 

diameter pressure plate analysis. Figures 7.21 through 7.25 illustrate the soil water characteristic 

curves for the representative samples chosen from each of these classification groups. Table 7. 7 

presents the porosity, void ratio and dry density values determined after completion of the 

pressure plate testing. 
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Table 7.6 Paste pH results 

3gs3 2.9 15gs2 3.5 
3gs4 3.1 15gs4 2.8 
4gs1 2.3 16gs1 3.4 
4gs2 3.5 16gs2 3.1 
4gs3 3.9 16gs3 2.9 
4gs4 3.6 16gs5 3.4 
4gs5 2.8 16gs6 3.2 
5gs1 2.6 16gs7 3.3 
5gs2 2.9 17gs1 3.5 
5gs4 2.8 17gs2 3.6 
5gs6 3.1 17gs4 4 
6gs1 2.7 17gs5 4.1 
6gs2 3 18gs1 3.1 
6gs4 3.3 18gs2 3.2 
6gs5 3.2 18gs3 5 
7gs1 2.5 18gs4 3.1 
7gs2 3 18gs5 2.9 
7gs3 3 18gs6 3.3 
7gs5 3 18gs7 3.8 
7gs6 2.6 19gs1 3.9 
7gs7 2.9 20gs1 3.5 
7gs8 3.1 20gs3 4.1 
9gs1 4.4 21gs1 4 
9gs2 3.6 21gs2 3.2 
9gs3 5 22gs4 4.2 
10gs3 3.8 22gs5 5 
10gs4 3.9 23gs2 3.2 
11gs1 4.7 23gs3 3.6 
11gs2 4.8 23gs4 3.6 
llgs3 3.1 23gs5 3.1 
11gs4 3.2 23gs6 3.6 
11gs5 3.1 24gs1 5.6 
12gsl 3.6 24gs3 4.3 
12gs2 3.1 25gsl 3.4 
12gs3 3.3 25gs2 3 
12gs4 3.1 25gs3 2.5 
12gs5 3.5 25gs4 2.4 

· 12gs6 3.3 25gs5 2.5 
13gs1 3.8 26gs1 2.8 
13gs2 3.9 26gs2 3 
13gs3 4 26gs3 2.9 
13gs4 4.5 26gs5 3 
14gs1 6.1 26gs6 3 
14gs2 4 27gs1 3.9 
14gs4 4.9 29gs1 5 
15gsl 3.2 30gsl 4.4 
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Porosity, void ratio and dry density values calculated from pressure plate cell 

results 

TP5GS1 

TP7GS3 

TP18GS5 

TP6GS5 

TP6GS4 

31.2 

30.1 

22.1 

29.4 

33.5 

Specifzc Gravity Testing 

0.45 

0.43 

0.28 

0.42 

0.50 

2.03 

1.95 

2.15 

1.95 

1.76 

Table 7.8 presents the specific gravity results from samples used in the pressure plate cell. The 

average specific gravity results reported are corrected for the fine and coarse fraction of the 

sample. The specific gravity results therefore, represent a bulk specific gravity which accounts 

for the specific gravity of the fine and coarse fraction. Specific gravity results were not 

determined for TP7GS3 because the sample was destroyed prior to testing. Yazdani ( 1995) 

conducted specific gravity testing on waste rock and oxidized waste rock from Golden Sunlight 

Mines Inc. and reported values of 2.69 and 2.77 respectively. The results determined during this 

laboratory program are within the range for Golden Sunlight Mine waste rock reported by 

Yazdani (1995). 

Table 7.8 Average specific gravity results 

TP5GS1 
TP7GS3 

TP18GS5 
TP6GS5 
TP6GS4 

2.78 
na 

2.70 
2.63 
2.63 
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7.3.2.4 Constant Head Saturated Hydraulic Conductivity Analysis 

Saturated hydraulic conductivity values were determined using a constant head permeability test. 

The procedure followed is described in section 6.3.2.6. Saturated hydraulic conductivity values 

were determined for representative samples containing greater than 50% passing the 4.75 mm (#4 

sieve) group and the 40 to 49% passing the 4.75 mm (#4 sieve). The portion of the sample 

passing 9.5 mm (#8) or 4.75 mm (#4) sieve was used for testing the saturated hydraulic 

conductivity. The saturated hydraulic conductivity value for this fine fraction is assumed to be 

representative of the entire sample. Saturated hydraulic conductivity values for the other groups 

were not performed. These other groups are dominated by coarse material and samples 

containing coarse particles would have to be used to test the saturated hydraulic conductivity 

accurately. Large permeameter equipment capable of handling large particle sizes would be 

required to do this. This equipment was not available at the time of testing. 

Figure 7.26 shows the saturated hydraulic conductivity values for different gradients used during 

a constant head saturated hydraulic conductivity test procedure for the passing 9.5 mm (#8) 

portion of sample TP5GS1(i.e. ~ 50% passing the 4.75 mm (#4) sieve group). Figure 7.27 

illustrates the saturated hydraulic conductivity values for different gradients used for the passing 

4.75 mm fraction of sample TP18GS5. (i.e. representing the 40-49% passing the 4.75 mm sieve 

group). Figure 7.28 shows the saturated hydraulic conductivity values for various gradients used 

during constant head saturated hydraulic conductivity testing of the passing 9.5 mm fraction of 

sample TP18GS5 (i.e. representing 40 to 49% passing the #4 sieve group). Table 7.9 

summarizes the dry density and void ratio values used during the testing. 
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Figure 7.26 Saturated hydraulic conductivity values for different gradients used during 
constant head saturated hydraulic conductivity testing of passing 9.5 mm fraction 

of sample TP5GS1(representing ~50% passing the 4.75 mm sieve group) 
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Figure 7.27 Saturated hydraulic conductivity values for different gradients used during 
constant head saturated hydraulic conductivity testing of passing 4.75 mm 
fraction of sample TP18GS5 (i.e. representing 40-49% passing the 4.75 mm 
sieve group) 
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Figure 7.28 Saturated hydraulic conductivity values for different gradients used during 
constant head saturated hydraulic conductivity testing of passing 9.5 mm fraction 
of sample TP18GS5 (i.e. representing 40 to 49% passing the 4.75 mm sieve 
group) 

Table 7.9 Constant head saturated hydraulic conductivity results including dry density and 
void ratio values used during testing. 

TP5GS 1 (passing #8) 
TP5GS 1 (passing #4) 
TP18GS5 (passing #8) 

1.90 
1.99 
1.99 

0.36 
0.30 
0.30 

7.3.2.4 Hydraulic Conductivity as a Function of Matric Suction 

3.4 X 10 "3 

2.3 X 10-3 

4.7x10-3 

Hydraulic conductivity as a function of matric suction was determined using the computer 

program CFVIEW. Hydraulic conductivity as a function of matric suction plots were produced for 

each soil water characteristic curve determined using large diameter pressure plate tests. The 

procedure for using the CFVIEW curve fitting utility to produce the hydraulic conductivity as a 
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function of matric suction curves is described in section 6.3.2.6. The saturated hydraulic 

conductivity values determined from constant head saturated hydraulic conductivity analyses were 

used for the hydraulic conductivity as a function of matric suction curves representing the ~50% 

and 40-49% passing the 4.75 mm sieve classification groups. A saturated hydraulic conductivity 

value of lx10-1 cm/s was assumed for samples containing less than 40% passing the 4.75 mm 

(#4) sieve. This value is consistent with the saturated hydraulic conductivity value used to model 

the waste rock at Golden Sunlight Mines (Schafer and Associates, 1995). Figure 7.29 and 7.30 

illustrates the hydraulic conductivity as a function of matric suction for sample TP5GS 1 

(representing ~ 50% passing the #4 sieve classification group) and TP7GS4 (representing ~ 

50% passing the #4 sieve classification group) respectively. Figure 7.31, 7.32 and 7.33 show the 

hydraulic conductivity as a function of matric suction for sampl~s TP18GS5 (representing 40 to 

49% passing the #4 sieve classification group), TP6GS5 (representing 30 to 39% passing the #4 

sieve classification group) and TP6GS4 (representing 20 to 29% passing the #4 sieve 

classification group) respectively. 
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Hydraulic conductivity as a function of matric suction for sample TP5GS 1 
(representing ~ 50% passing the #4 sieve group) 
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Hydraulic conductivity as a function of matric suction for sample TP7GS4 
(representing ~ 50% passing the #4 sieve group) 
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Hydraulic conductivity as a function of matric suction for sample TP18GS5 
(representing 40 to 49% passing the #4 sieve group) 
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Figure 7.32 Hydraulic conductivity as a function of matric suction for sample TP6GS5 
(representing 30 to 39% passing the #4 sieve group) 
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(representing 20 to 29% passing the #4 sieve group) 
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CHAPTER 8 

DATA ANALYSIS AND DISCUSSION 

8.1 INTRODUCTION 

The primary objective of this study is to examine the internal structure and hydrogeologic 

properties of the materials found in a large waste rock pile. This will provide a better 

understanding of the flow processes in large unsaturated, heterogeneous waste rock piles. A 

theoretical background for this discussion was provided in Chapter 3. The site background for an 

understanding of the setting and construction history of the waste rock pile was presented in 

Chapter 4. The field and laboratory program were described in Chapter 5 and 6 respectively. 

The results of the field and laboratory program were included in Chapter 7, Appendix A and 

Appendix B. 

This chapter interprets the observations and results from the field and laboratory programs. 

Insights into how water flows in the waste rock pile at Golden Sunlight Mines is made based on 

existing unsaturated soil mechanics theory and the results from this research program. 

8.2 DISCUSSION OF PHASE I- FIELD PROGRAM RESULTS 

The focus of the field program was to define the internal structure and moisture distribution 

within the pile and obtaining samples for further analyses. The field logging program provided 

qualitative and quantitative data on the internal structure, the distribution of moisture and the 

material types found within the pile. This section presents a discussion of the observation and 

results obtained during the field program. 

Page 131 



Chapter 8 Data Analysis and Discussion Page 132 

8.2.1 Discussion of Dump Structure and Physical Properties of the Waste Rock 

A standard logging and sampling procedure was used throughout the field program. Test Pits 

were logged and sampled according to the procedure described in section 5.4. Results from the 

field logging program are presented in section 7 .2.1. Detailed field logs are presented in 

Appendix A. 

Figure 8.1 illustrates some of the main characteristics of the east waste rock pile complex 

documented during the field program. 

The angle of repose end-dump construction technique has produced a highly structured waste 

rock pile. Segregation of the material, as it moves down slope due to gravity, has produced a 

coarse rubble zone at the base of the pile. 

venting" 

Figure 8.1 

/compacted layer 

angle of repose slope 

wetting front 

,.------unweathered waste rock 

dipping, layered structure 

coarse rubble zone 

I 
Schematic diagram showing some of the physical features observed during the 

field program 

This type of segregation has been described by Smith et al. (1995). Figure 8.2 illustrates the 

hydrostratigraphy of segregated dumps. This model appears to oversimplify the 
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hydrostratigraphy of segregated dumps such as the east dump constructed at Golden Sunlight 

Mines. Figure 8.2 (a) for example, shows a pile with an upper zone of fine waste rock, a middle 

zone of fine and coarse waste rock and a lower zone of coarse waste rock. This type of 

segregation may occur if the waste rock placed had a consistent grain size distribution. The 

middle of the pile could have some layering because loads are dumped at various locations along 

the crest and the fine portion of one load may overlap the coarse portion of a previous load. 

Furthermore, the bottom zone would contain very coarse material due to segregation. At Golden 

Sunlight Mines, however, the grain size distribution of the waste rock being hauled to the waste 

rock pile is highly variable. Both coarse and fine waste rock material were end dumped into the 

pile and as a result a dipping structure, defined by changes in grain size distribution, was 

produced. Coarse waste rock was also found dipping at angles consistent with the angle of 

repose in the upper zone of the pile. In general coarse waste rock at the Golden Sunlight Mine 

was found throughout the pile and was not restricted to the basal region of the pile. The dipping 

fine and coarse grained layers do not appear to be continuous but are rather a series of 

interfingered dipping beds. The development of continuous dipping beds that extend from the 

top of the pile to the base is unlikely. All beds eventually grade into the coarse rubble zone at the 

base of the pile. 

In summary, changes in grain size distribution occur both vertically and horizontally within the 

pile. Horizontal changes in grain size distributions appear to be primarily the result of material 

with variable grain size distributions being dumped into the pile. However, segregation can also 

cause horizontal changes in some areas of the pile. Figure 8.3 shows the range of grain size 

distribution curves for samples taken from the same elevation within the waste rock pile. Test 

pits 9 through 21 were situated at this elevation within the waste rock pile and the location of 

these test pits are illustrated in Figures 7.8 to 7 .11. This range reflects the variability in grain 

size distribution of the material being dumped into the pile along with the effects of segregation. 

Vertical changes in the overall grain size distribution of the material from the top of the pile to 

the base is primarily controlled by the segregation of the material. 
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Figure 8.2 Hydrostratigraphy of segregated dumps (Smith et al., 1995) 
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Horizontal compacted layers were found to be common along the top of the platform surfaces on 

the waste rock pile where heavy equipment traffic has broken down and compacted the waste 

rock. Although a compacted surface inside the dump was not encountered during the field 

program, these layers can occur within the pile where a driving surface has been subsequently 

buried. 
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Grain size distribution range for samples from test pits 9 through 21 located on 

the 5360 elevation. 

The mine geology, blasting, handling, segregation, physical and chemical weathering are all 

factors that play a role in determining the structure and the physical and geochemical properties 

of the waste rock. Mine geology, blasting and handling result in variations in material being 

transported to the dump. The construction methods, in combination with the variable material 

being hauled to the dump create the initial structure in the pile. Physical and chemical 

weathering processes can subsequently accentuate or modify the original structure created during 

the initial construction of the pile. 

In general, the waste rock dump at Golden Sunlight Mines shows two types of structure in the 

waste rock pile defined by changes in grain size distribution and color. The first is physical 

layering defined by changes in the physical properties of the material. It is the physical structure 

that controls the pathways for water flow in waste rock piles. The second type of structure with 
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in the pile is a mineralogical or geochemical structure defined by changes in the mineralogical 

and or geochemical nature of the layers. This change is thought to be reflected in the differences 

in color resulting from the weathering of the waste rock. 

Color changes within the pile may reflect geochemical differences resulting from chemical 

weathering of different rock types or the percentages of rock types in the layers. In some cases, 

the change appears to occur regardless of physical properties (grain size distribution) in the 

material. In other words, layering defined by color changes can occur within material of similar 

grain size distribution. Figure 8.4 shows the grain size distribution curves for samples taken from 

test pit number 18. Table 8.1 shows the variation in color and paste pH for the same samples 

taken from this test pit. It is important to observe that although there are only minor changes in 

the grain size distribution curves there is a wide range of paste pH values and colors. These 

colors, which help define the layering within the pile, are thought to be the result of the oxidation 

of the waste rock after placement of the waste rock within the pile. The mineralogy of the waste 

rock in each layer may control the apparent differences in geochemistry from one layer to 

another. At present however, the oxidation process that controls the strong color changes in the 

pile has not been investigated in this thesis. 
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Table 8.1 Variation in colour and paste pH for the· various samples found in test pit 
number 18. 

TP18GS1 40-49% pale olive 5Y6/3 to 3.1 
pale yellow 5Y7 /3 

TP18GS2 ~50% strong brown 7 .5YR5/8 3.2 

TP18GS3 ~50% light reddish grey 5YR6/3 to 5 
reddish grey 5YR5/2 

TP18GS4 ~50% reddish yellow 7 .5YR7 /8 to 
dusk red 7 .5YR2.5/4 3.1 

TP18GS5 40-49% pale yellow 5Y7 /3 to 2.9 
pale olive 5Y6/2 

TP18GS6 40-49% reddish yellow 7 .5YR 7/8 to 3.3 
yellowish red 5YR5/8 

TP18GS7 40-49% yellowish red 5YR6/8 to 3.8 
red 2.5YR4/8 

The importance of physical and chemical weathering on the development of the structure in this 

pile becomes apparent when comparing recently placed waste rock to waste rock that has been 

weathering in the pile for several years. When fresh waste rock is placed within the waste rock 

pile, only changes in the grain size distribution and percentage of rock types comprising the 

various layers define the layering in the pile. In these areas, the original grain size distribution in 

combination with the effects of handling and segregation creates the physical structure in the pile 

(i.e. the initial structure established during construction of the pile). The visual structure in these 

areas of the pile appears less pronounced. Contacts between layers are not as sharp and well 

defined and may appear only to be gradational. Color changes, except those associated with the 

natural color of the rock, are ~bsent. 

Consolidation of particles associated with self weight compaction is also an important source of 

physical breakdown of the waste rock after placement. Large settlements in end-dumped waste 
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rock piles are common. Settlement can result in a decrease in void ratio and an increase in fines 

as a result of particle crushing which can also result in changes in the permeability of the 

material (Smith et al., 1995). Research into the compressibility of Golden Sunlight Mine waste 

rock has not been conducted. Compressibility is related to a number of factors (gradation, 

relative density, grain size, angularity, rock type and strength and wetting). It is possible that 

some layers in the pile may be more susceptible to particle breakage and compression than 

others. 

The breakdown of material due to chemical weathering also occurs simultaneously with the 

physical settlement of the pile. Waste rock particle degradation due to chemical weathering after 

placement in the pile also results in an increase in fines and a change in permeability. Chemical 

weathering weakens waste rock particles making them more susceptible to breakdown due to 

physical processes. It is possible that certain particles and layers are also more susceptible to 

breakdown as a result of chemical weathering processes. 

8.2.2 Discussion of In situ Field Measurements of Water Content and Temperature 

In situ measurements of water content, matric suction, temperature and relative humidity were 

taken, where possible, during the field program. The water contents were obtained for every 

layer described during the field program except those too coarse to sample. The test procedures 

followed are described in section 5.4. The results of in situ measurements taken during the field 

program are presented in section 7 .2.2. 

Gravimetric water content data for the total and passing 9.5 mm portion of the sample were 

determined during the field program. The data showed that a zone of higher gravimetric water 

contents ranging from 4 to 13% exists in the upper 15 m of the waste rock pile suggesting the 

developmen~ of a wetting front. Below this zone, gravimetric water contents were much lower 

ranging from 0.5 to 4%. 

The development of a wetting front has also been observed at the high grade waste test plot 

located on the east waste rock pile at Golden Sunlight Mines. Golden Sunlight Mines has 

installed neutron access tubes at this site. Higher water contents were detected in the upper 100 
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to 150 em of an unreclaimed control slope. Figure 8.5 and 8.6 illustrate volumetric water 

content plots for the unreclaimed (no cover) control slope (plot F) on the high grade waste test 

plots located on the east waste rock pile (Schafer Associates, 1993). The residual water contents 

for material within the dump range from 8 to 12% volumetric and may increase to 15 to 20% for 

the fine compacted layers developed by vehicle traffic (Schafer Associates, 1993). The increase 

in the residual water content shown in the upper I 00 em is thought to be a result of accelerated 

weathering of feldspars near the surface of the waste rock pile (Schafer Associates, 1993). Field 

descriptions of the waste rock in the upper wetting front made during Phase I of this research 

project documented the breakdown of latite particles which supports this hypothesis. 

Estimates of the volumetric water content of fresh shot muck rock placed in the waste rock pile at 

Golden Sunlight Mines is less than 6% (Schafer, 1993). Gravimetric water contents below the 

upper 15 m of the waste rock pile range from 0.5 to 4%. These values are close to the water 

contents for the rock when it is placed in the pile. It appears waste rock is placed into the pile 

dry and remains dry except for an increase in water contents occurring in the upper 15 m of the 

waste rock pile. 

Infiltration at the dump top surface due to precipitation appears to be the dominant process 

producing the wetting front that is developing in the upper portions of the pile. The original 

dump surface was uncovered in the area where the off-loading operations and the field program 

were conducted. Infiltration due to up slope runoff where the pile is in contact with the uphill 

slope may also contribute to the infiltration however this is likely a minor component. 
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GOLDEN SUNLIGHT MINE - TEST PLOTS 
NP-41:4.1 SLOPE WATER CONTENT(%) 
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Figure 8.5 

0.05 0.1 0.15 0.2 0.25 
Volumetric Water Content (%) 

Volumetric water content data for the unreclaimed control slope (test plot F) 

from the high grade waste test plots located on the east waste dump from 7/23/91 

through 3119/92 (Schafer and Associates, 1993). 
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GOLDEN SUNLIGHT MINE - TEST PLOTS 
NP-41:4.1 SLOPE WATER CONTENT(%) 
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Volumetric water content data for the unreclaimed control slope (test plot F) 

from the high grade waste test plots located on the east waste dump from 4/27/92 

through 1/27/93 (Schafer and Associates, 1993). 
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Numerical modeling for other waste rock piles have shown wetting fronts can develop as a result 

of the upward movement of water vapour (Lefebvre and Gelinas, 1995). It is believed that a 

wetting front can develop in the upper profile of a pile due to infiltration and the upward 

movement of water vapour and subsequent condensation (Lefebvre and Gelinas, 1995). The 

increase in water contents due to the upward movement of water vapour as a result of heat being 

generated at depth however is unlikely in the waste rock pile at Golden Sunlight Mines. Based 

on the field data obtained during the field program it appears little moisture is stored in the waste 

rock pile at depths below the wetting front. It is unlikely therefore that the upward movement of 

water vapour from lower portions of the pile is an important process involved in the development 

of the wetting front in this pile. 

Temperatures were measured using a portable temperature and relative humidity detector. This 

method for measuring temperatures is susceptible to influences from the atmosphere. 

Difficulties in obtaining accurate temperature readings are discussed in section 7 .2.2. The 

suitability of these readings to characterize actual internal dump temperatures are questionable 

however relationships between the temperatures and water contents with depth were examined. 

Figure 8.7 shows the temperature data with respect to depth below the dump surface. Figure 8.8 

shows the relationship between temperature and gravimetric water content. The temperature data 

plotted with respect to depth and water contents revealed poor correlation. When averages are 

used however, a slight difference in the average temperature is apparent in the upper 15m of the 

pile compared to average temperature readings taken below this level. Temperatures in the upper 

15m of the pile are higher averaging 30°C. Temperatures below the wetting front were less 

averaging 20°C. Several high temperature readings above 37°C at a depth of approximately 25 m 

are shown and represent readings taken from test pit number 5 which was excavated in an area 

where active venting of warm moist air was observed. The venting observed on the waste rock 

pile is thought to be caused by the elevated temperatures and water contents found in the wetting 

front. Venting occurring at a· depth of 25 m indicate portions of the wetting front may occur at 

depths greater than 15m. Water vapour flow is discussed in more detail in section 8.4.4. 
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8.3 PHASE II-- FIELD AND LABORATORY ANALYSIS 

The objectives of the second phase of the research program were to compile and correlate the 

field data focusing on the construction history, internal structure and the distribution of moisture 

within the pile and to classify and define the hydrogeological properties of the waste rock 

material. The following section presents a discussion of the conclusions made from the 

reduction of the field data and the results of the laboratory program. 

8.3.1 Compilation and Correlation of Field Data With Age and Position in the Pile 

The field data was compiled and correlations between the data were made following the field 

program. The results of the compilation of the field data are presented in section 7 .2.1. Field 

logs were prepared summarizing the physical descriptions, in situ measurements and sample 

records. The field logs are presented in Appendix A. 

As-built drawings supplied by Golden Sunlight Mines Inc. were used to determine the age and 

position of the various test pits within the pile. Drawings for the years 1987, 1988, 1989, 1990, 

1992 and 1993 were provided and document the crest and toe positions of the east waste dump 

complex for each year. The ages of the test pits permitted correlations between the field data and 

age. 

The change in the grain size distribution over time due to physical and chemical weathering is 

difficult to quantify. A time frame for the deposition of the material within the pile has been 

determined, however, the original properties of the waste rock samples are unknown. A wide 

range of physical and hydrogeologic properties are possible at the time of deposition in the pile. 

Estimates of the original properties of the material based on the properties of recently placed 

waste rock cannot be made. In other words, although the properties of recently placed waste 

rock can be determined, the variable properties of the waste rock at the time of deposition make 

it impossible to estimate the original properties of the waste rock layers prior to weathering. In 

summary, although the field program has documented that physical and chemical weathering of 

the waste rock has occurred within the waste rock pile, these changes over time cannot be 

quantified from the results obtained during this research program. 
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8.3.2 Laboratory Program 

The second objective of the laboratory program was to classify the material and define the 

hydrogeologic properties of the waste rock material sampled during the field program. This 

section presents a discussion and analysis of the result of the laboratory program. 

8.3.2.1 Grain size Distribution, Paste pH and Sample Classification 

The samples were classified using grain size distribution analysis as outlined in section 6.3.2.1. 

In addition, paste pH analysis was performed on the passing 0.075 mm (#200) sieve fraction of 

the sample for which grain size distribution analysis was conducted. The paste pH procedure is 

outlined in section 6.3.2.2. The results from the classification program and paste pH analyses 

are presented in section 7 .3.2.1. 

A wide range of grain size distributions have been found to exist in the waste rock pile. This 

program best defined the fine endpoint for that range. In other words, the finest material has 

been characterized. The coarse end point for the range of grain size distributions in the waste 

rock pile have not been defined. Grain size distribution analyses on coarse material containing 

large particle sizes is difficult because large sample- sizes and sieve equipment are required to 

determine grain size distribution curves on this type of material. Large samples (e.g. 500 kg for 

150 mm nominal maximum size) are required for coarse materials. Samples this size were not 

obtained during the field program and the coarse end point for the range of grain size distribution 

curves therefore was not defined. 

Figure 8.9 shows the grain size distribution range for the material sampled at Golden Sunlight 

Mines during the field program.. The fine grained endpoint for the material sampled at Golden 

Sunlight Mines is a silty sand with some gravel and a few cobble sized particles. The coarse 

endpoint shown in Figure 8.9 represents the most coarse material sampled and is not 

representative of the coarse endpoint for the waste rock material present in the pile. The coarse 

end point of the material in the east waste rock pile, although not shown in Figure 8.9 for reasons 

previously discussed, consists of cobble (75- 300 mm) and boulder (300 mm plus) sized material. 

Boulder and cobble material was logged and photographed during the field program. A wide 
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range of grain size distributions in waste rock piles is common and the range of grain size 

distributions sampled and or logged during the field program are within the range of grain size 

distributions reported by Dawson (1995) for B.C. mine waste rock dumps. Figure 8.9 illustrates 

the distinction between soil like and rock like material. This distinction is discussed further in 

section 8.3.2.2. 
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Figure 8.9 Grain size distribution range for samples obtained during the field program. 

Paste pH values were determined from the passing 0.075 mm (#200) sieve material. The results 

were correlated with the year .the material was placed in the waste rock pile. Figure 8.10 shows 

the 2: 1 paste pH distribution and the maximum and minimum paste pH trends for samples of 

waste rock placed in the pile for individual years from 1987 to 1993. Data for 1991 are excluded 

because as-built drawings for 1991 were not available and material placed during this time 

therefore could not be determined. The 1992 data includes data from samples placed in 1991 and 

1992. 

A wide range of paste pH values can be observed for materials placed in the waste rock pile in 

the same year. This indicates that the waste rock material generates acidity at different rates for 

different materials placed in different locations in the waste rock pile. It appears the waste rock 
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pile, overall, does not oxidize or produce acid at the same rate. In general however, the linear 

regression trend line shows a decreasing trend over time. A general trend over time is also 

apparent if the maximum paste pH values are compared. Figure 8.10 also shows an overall 

decrease in the maximum paste pH values over time. Furthermore the clusters of data appear to 

converge towards a lower value for older material as more of the rock oxidizes with time. 

Studies have shown that the pH in mine waste rock tends toward a cluster of values around a 

typical acidic pH value (Morin 1995a). The acidic value for mine waste rock sampled at Golden 

Sunlight Mines appears to cluster around values close to 3 with the lowest values occurring 

between 2 and 3. 

Figure 8.11 illustrates the paste pH distribution with depth below the dump top surface. A paste 

pH of less than 4 indicates the material contains available acidity from prior acid generation 

(Steffen Robertson and Kirsten et al., 1989). Figure 8.10 and 8.11 show that samples with a pH 

of less than 4 can be found throughout the waste rock pile and for all ages of material. The data 

reveals that waste rock in the pile can generate acid in all locations within the pile. Figure 8.11 

appears to show a slight shift in the data with lower pH values found in the upper portions of the 

pile. This shift may be misleading as a result of the excavation operations encountering recently 

placed waste rock in the lower portions of the excavation. The excavation operations while 

moving deeper into the pile also progressed in a step like manner. The stepping out resulted in 

the excavation operations encountering regions of the pile where waste rock was placed within 

the last year. The material obtained from the deeper portions of the pile (greater than 30m) 

therefore, may have a higher percentage of samples containing recently placed material ( 1992, 

1993) in the pile. The shift in data therefore may be a function of the age of the waste rock and 

not the depth below the surface. Figure 8.10 has shown that overall there is a trend toward lower 

paste pH values with time and thus a higher paste pH values would be expected for samples 

obtained in the deeper portions of the pile that contain waste rock recently placed in the pile. 
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Paste pH distribution for samples of waste rock which were placed in the pile 

during different years 

Figure 8.12 shows the effects of the wetting front on the paste pH of the material by plotting the 

relationship between the volumetric water content and paste pH. There is a poor correlation 

between water content and paste pH. Paste pH values of less than four can be seen for the entire 

range of water contents. This plot shows therefore, that some degree of acid generation resulting 

from oxidation has occurred in waste rock with low water contents below the wetting front. 
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Figure 8.11 Paste pH distribution with depth below dump top surface 
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Figure 8.12 Relationship between paste pH and water content 

Overall, a high degree of oxidation and weathering of the material was not commonly observed 

during the field program below the wetting front. The rate of oxidation is most likely much 
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slower than rates in the upper portions of the pile where high water contents are found. A rate 

of acid generation cannot be predicted from paste pH results. A rate for acid generation or the 

relationship between the acid generation rates and water contents and acid generation rates and 

various material types has not been determined in this thesis. 

8.3.2.2 Discussion of the Soil Water Characteristic Curves 

Soil water characteristic curves were determined for representative samples from each group of 

samples classified using grain size distribution analysis. The soil water characteristic curves 

were determined using a large diameter pressure plate cell and followed the procedure outlined 

in section 6.3.2.4. The cell chamber was approximately 17.8 em in height from the top of the cell 

to the top of the high air entry disk with an internal diameter of approximately 15.6 em. Results 

from the pressure plate tests are presented in section 7 .3.2.2. 

The waste rock samples were placed into the cell and no compaction or loading of the samples 

was performed. The effect of settlement or compression of waste rock on the soil water 

characteristic curve has not been examined in this thesis. Samples obtained from areas deep 

within the waste rock pile may have been subjected to significant vertical stresses in the pile. 

For example vertical stresses of 2,000 kPa are typical BC mine spoil piles (Dawson et al., 1995). 

The porosity corresponds to the saturated volumetric water content for the samples placed in the 

pressure plate cell. These values may differ from actual porosities in the field. Adjustments for 

the saturated volumetric water contents may be required for the soil water characteristic curve to 

be representative of field conditions. For example, the samples placed in the cell did not contain 

particles greater than 3.8 mm (1.5 inch). In the field however, large randomly orientated boulder 

and cobble sized particles were commonly observed. In general, the coarse material may result 

in a lower porosity for the material in the field compared to the samples used in the pressure 

plate cell. 

There were limits to testing materials with very low air entry values using large diameter 

pressure plate equipment. The cell chamber was approximately 17.8 em in height from the top of 

the cell to the top of the high air entry disk. All suction measurements applied to the cell were 

referenced to the top of the high air entry disk (the location where the sample is in contact with 
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the negative water pressure in the high air entry disk). The height of the samples placed in the 

cell during testing typically ranged from 8 to 10 em. This height of the sample results in a 

change in matric suction between the bottom and top of the sample. This change produces a 

range of suction values in the sample ranging from the value applied to the stone at the base of 

the sample to a value equal to the matric suction applied to the stone plus the matric suction that 

corresponds to the height of the sample. A value of matric suction of 1 kPa applied to the base of 

a sample 10 em in height for example, corresponds to an applied suction to the sample ranging 

from 1 kPa at the base to 2 kPa at the top of the sample. It becomes difficult therefore, to 

determine the air entry value for materials which have an air entry value less than the value of 

matric suction produced by the height of the sample in the cell. Samples with an air entry value 

less than the suction corresponding to the height of the sample will not remain tension saturated 

at the beginning of the test. This type of material will begin to drain even if the reservoir for the 

drainage line is set equal to the height of the top of the high air entry disk. In general, the values 

of matric suction corresponding to tension saturated conditions in the sample cannot be actually 

determined for this type of material using the large diameter pressure plate cell. 

The soil water characteristic curves were determined for representative samples ranging from 

material with greater than 50% passing the 4.75 mm (#4) sieve to material containing 20 to 29% 

passing the 4.75 mm (#4) sieve. The samples containing greater than 50% passing the 4.75 mm 

sieve and 40 to 49% passing the 4.75 mm sieve produced very similar soil water characteristic 

curves. Figure 8.13 illustrates two soil water characteristic curves for samples with greater than 

50% passing the 4.75 mm sieve and one soil water characteristic curve for a sample containing 

40 to 49% passing the 4.75 mm sieve. The soil water characteristic curves have a very similar 

shape and air entry value (between 3.5 and 5 kPa). Approximately 23% of the layers sampled 

during the field program have grain size distributions similar to those for the samples shown in 

Figure 8.13. 

The curves appear to approach the same residual water content except for the TP7GS3 curve that 

has a slightly higher residual water content. Atterberg limits were conducted on the material 

passing the 425 Jlm (#40) sieve for samples TP5GS1 and TP7GS3. TP5GS1 produced a liquid 

limit of 17.4% and a plastic limit of 14.3 %. TP7GS3 had a liquid limit of 22.2% and a plastic 

limit of 16.9 %. TP7GS3 exhibited a higher plastic and liquid limit and this may help to explain 
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why this sample seems to be approaching a higher residual water content. The mineralogy of the 

fine grained fraction of the waste rock samples was not examined. 

The sample representing material containing 40-49% passing the 4.75 mm (#4) sieve has a lower 

saturated volumetric water content than the samples containing greater than 50% passing the 4.75 

mm sieve. This is because the sample chosen contained a higher percentage of material retained 

on the 1.9 em (0.75 inch) sieve than the samples containing greater than 50% passing the 4.75 

mm sieve. The higher percentage of coarse particles reduced the overall porosity in the cell. 

Figure 8.13 

0.1 10 

Matrlc Suction kPa 

100 1000 

Soil water characteristic curves for samples containing >50% and 40 to 49% 
passing the 4.75 mm (#4) sieve. 

The soil water characteristic curves for the samples containing less fine material than those 

shown in Figure 8.13 were found to be very different. Figure 8.14 illustrates the soil water 

characteristic curve for a sample containing 30 to 39% passing the 4.75 mm (#4) sieve. The soil 

water characteristic curve reveals immediate drainage of water with a small value of applied 

matric suction. The volumetric water content rapidly drops from approximately 30% to less than 

25% with an.applied matric suction of 0.1 kPa. 

This type of material defines a significant change in the moisture retention characteristics of the 

waste rock. Samples containing more than 40% passing the 4.75 mm (#4) sieve are fine grained 

dominated samples. In other words, the coarse particles are suspended in a fine matrix. The 

coarse particles may or may not be touching, however, all the interparticle spaces are infilled 



Chapter 8 Data Analysis and Discussion Page 153 

with the fine matrix. As a result, the samples take on the soil water characteristics of the fine 

matrix. This type of material has been referred to as soil-like material (Dawson et al., 1995) 

capable of exhibiting capillarity. As the volume or percentage of fine matrix decreases however, 

a level is reached where there is no longer adequate fine grained material to fill all interparticle 

void spaces. The coarse particles become dominant and as a result, large open void spaces can 

be found between particles with an edge to face framework. There is still a significant 

percentage of fine grained material for materials containing 30 to 39% passing the #4 sieve 

however it is not enough to infill all the void spaces. Larger pore spaces which are not infilled 

with the fine matrix material occur and cause the initial drop in the volumetric water content 

once a small value of matric suction is applied. The initial drop in the volumetric water content 

shown on the soil water characteristic curve corresponds to the draining of the large pore spaces 

in the sample. Subsequent drainage occurs from the smaller pore spaces. Figure 8.14 shows 

however that the 30 to 39% passing the 4.75 mm sieve contains fine grained material to cause the 

residual water content to approach the same value as the samples containing greater than 50% 

and 40 to 49% passing the 4.75 mm (#4) sieve. 
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Soil water characteristic curve for a sample representing waste rock material 

containing 30 to 39% passing the 4.75 mm (#4) sieve. 

Figure 8.15 illustrates the soil water characteristic curve for a sample representing waste rock 

material containing 20 to 29% passing the 4.75 mm (#4) sieve. The soil water characteristic 

curve shows a rapid drainage of water to the residual water content when a very small matric 
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suction is applied. This material no longer contains enough fine grained material to infill all the 

interparticle void spaces and is no longer a fine grained dominated material. In this type of 

material the coarse particles produce an edge to face framework where the coarse particles are 

the dominant material. The soil water characteristic curve takes on features of coarse rock 

particles and the fine grained matrix no longer dominates the soil water characteristics of the 

waste rock material. The large pore spaces result in a very low air entry value. 
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Figure 8.15 
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Soil water characteristic curve for a sample representing waste rock material 

containing 20 to 29% passing the 4.75 mm (#4) sieve. 

Large diameter pressure plate testing was not carried out for samples containing less than 20 to 

29% passing the 4.75 rnm (#4) sieve. Samples containing less fines than this are expected to 

have a negligible air entry value and drain rapidly to residual water content under applied 

suction. The soil water characteristic curve for waste rock material containing no fines is 

therefore assumed to drain immediately under an applied matric suction to the residual water 

content and remains relatively constant with further increases in applied matric suction. 

Dawson and Morgenstern ( 1995) discuss the distinction between waste rock materials exhibiting 

soil like and rock like behavior. The break between these two types of materials describes 

materials with high saturated hydraulic conductivites (i.e. rock like) and materials with lower 

saturated hydraulic conductivities (i.e. soil like). In rock like materials, the mechanical behavior 
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is controlled by the point contacts between particles. Very little fine grained matrix exists in this 

type of material and the flow of water occurs through large open interparticle void spaces. In soil 

like material, the larger fragments are supported in a fine grained matrix. The flow of water 

occurs through the fine matrix and the coarse particles only serve to lower porosity and reduce 

the hydraulic conductivity. Dawson and Morgenstern ( 1995) proposed that material containing 

greater than 20% sand content (i.e. less than 2mm grain size) be considered as a sandy gravel 

material or soil- like. Smith et al. (1995) provide similar criterion ranging between 10 to 30% 

sand content to distinguish between the two types of behavior. 

The sample used to represent the 30 to 39% passing the 4.75 (#4) sieve group for this study 

contains 20% passing the 2mm grain size. This appears to support the general distinction 

between soil like and rock like behavior described by Dawson and Morgenstern (1995). For the 

purpose of this thesis however, the distinction is made between soil like materials in terms of the 

capability of retaining water under negative pore water pressures (i.e. exhibit capallarity). Rock 

like materials are unable to retain water under negative pore water pressures and do not exhibit 

capallarity. It has been shown that samples representing waste rock containing greater than 50o/o 

and 40 to 49% passing the 4.75 mm (#4) sieve retain water under applied matric suctions. These 

samples behave as soil like materials and contain greater than 20% sand (2 mm) content. The 

sample representing waste rock containing 30 to 39% passing the 4.75 mm (#4) sieve was shown 

to exhibit both rock like and soil like behavior and is considered to represent the boundary 

between the two type of materials. This sample was found to contain 20% sand (2mm) content. 

The sample representing waste rock containing 20 to 29% passing the 4.75 mm (#4) sieve 

drained rapidly under applied suctions when compared to the samples containing a higher 

percentage of fine grained material. This sample is characteristic of rock like behavior and had 

little capability of storing water under negative water pressures. 
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8.3.2.3 Discussion of Constant Head Saturated Hydraulic Conductivity Analysis 

Saturated hydraulic conductivity testing was conducted according to the procedure outlined in 

section 6.3.2.6 The results are presented in section 7.3.2.4. Saturated hydraulic conductivity 

values were found to range between 2.3x10-3 cm/s and 4.7x10-3 cm/s for the samples tested. 

These tests were performed using the materials passing either the 9.5 mm or 4.75 mm fraction of 

the sample. The results are assumed to represent the hydraulic conductivity of samples where the 

fine grained matrix controls the behavior of the sample. These values are considered to represent 

samples in the material group which contains greater than 40% passing the 4.75 mm (#4) sieve. 

Figure 8.16 shows the saturated hydraulic conductivity values for waste rock from British 

Columbia metal mines. The saturated hydraulic conductivity results for the Golden Sunlight 

Mines Inc. samples tested are also shown for comparison purposes. The results show a lower 

hydraulic conductivity when compared to constant head results obtained from other metal mines. 

This is reasonable because the results represent the finest waste rock material sampled during the 

field program and lower saturated hydraulic conductivity values are expected. 

Samples containing less than 40% passing the 4.75 mm (#4) sieve were assumed to have a 

hydraulic conductivity value of 0.1 crnls in this thesis. This value has been used as the saturated 

hydraulic conductivity value in past waste rock modeling efforts (Schafer and Associates, 1995). 

The higher hydraulic conductivity value is used because the coarse material is assumed to exhibit 

rock like properties where large open voids and high saturated hydraulic conductivity values are 

expected. Saturated hydraulic conductivity analyses was not conducted on samples containing 

less than 40% passing the 4.75 mm (#4) sieve. To determine a saturated hydraulic conductivity 

value for this material requires perrneameter equipment capable of handling large particle sizes 

and large open void. Samples representing waste rock material containing 30 to 39% passing the 

#4 sieve are assumed to fall into this category although it represents material on the border 

between fine dominated (i.e. soil like) and coarse dominated (i.e. rock like) waste rock. 
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Figure 8.16 Void ratio versus saturated hydraulic conductivity for Golden Sunlight 

Mines Inc. fine dominated waste rock and saturated hydraulic conductivity 

data for British Columbia metal mines (modified from Dawson and 

Morgenstern, 1995). 

8.3.2.4 Discussion of Hydraulic Conductivity as a Function of Matric Suction 

The hydraulic conductivity function curves were determined using the program CVIEW as 

outlined in section 6.3.2.7 ahd the results are presented in section 7 .2.2.4. The curve fitting 

program was used to calculate the hydraulic conductivity function based on the soil water 

characteristic curves determined using the large diameter pressure plate cells. The hydraulic 

conductivity function curves for the samples representing the waste rock containing greater than 

40% passing· the 4.75 mm (#4) sieve are very similar. Figure 8.17 illustrates these curves. This 

is reasonable because the hydraulic conductivity relationship is determined using soil water 

characteristic curves which have a similar shape. Constant head permeability tests were used to 

determine the saturated hydraulic conductivity values. 
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The hydraulic conductivity relationships presented in Figure 8.17 show a number of features. 

The saturated hydraulic conductivity value is maintained to a certain level of matric suction after 

which the hydraulic conductivity decreases with an increase in matric suction. This change in 

the slope of the curve occurs at the air entry value of the waste rock samples. The saturated 

hydraulic conductivity value is maintained until the air entry value is reached after which air 

begins to enter the waste rock and the hydraulic conductivity begins to drop. The ability to 

transmit water in unsaturated conditions is dependent on the number of pore channels containing 

water. When unsaturated, the drained pores are not available for liquid water flow and the 

hydraulic conductivity decreases significantly. 
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Hydraulic conductivity function for sample representing waste rock containing 

>50% passing the 4.75 mm sieve (TP5GS1 and TP7GS3) and 40 to 49% passing 

the 4.75 mm sieve (TP18GS5). 

The hydraulic conductivity function for the waste rock sample representing 30 to 39% passing 

the 4.75 mm (#4) sieve shown in Figure 8.18. This curve has a different shape than the curves 

illustrate in Figure 8.17. The hydraulic conductivity function curve reflects the different soil 

water characteristic curve for this material compared to the curve for the greater than 50% 

passing the 4.75 mm sieve (TP5GS1 and TP7GS3) and 40 to 49% passing the 4.75 mm sieve 

samples. 
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The shape of the hydraulic conductivity function curve, like in the previous examples, has a 

similar shape to the soil water characteristic curve. Figure 8.14 illustrates the soil water 

characteristic curve for this material. A saturated hydraulic conductivity value of 0.1 cm/s was 

assumed. The hydraulic conductivity curve shows a continuous decrease as matric suction is 

applied. The large interparticle pore spaces drain immediately and are no longer available for 

liquid water flow; further increases in matric suction cause smaller pores in the matrix to drain 

and the hydraulic conductivity continues to decrease. The hydraulic conductivity of the waste 

rock decreases to 1x10-7 cm/s at a value of matric suction of approximately 10 kPa matric 

suction. 
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Hydraulic conductivity function for the sample (TP6GS5) representing waste 
rock containing 30 to 39% passing the 4.75mm (#4) sieve 

The hydraulic conductivity function for waste rock representing samples containing 20 to 29% 

passing the 4.75 mm (#4) sieve is shown in Figure 8.18. The hydraulic conductivity function 

curve reflects the shape of the soil water characteristic curve. The soil water characteristic curve 

for the sample containing 20 to 29% passing the 4.75 mm (#4) sieve illustrates a rapid drop in the 

volumetric water content with small values of applied matric suction (0.1 kPa). Fig. 8.14 

illustrates the soil water characteristic curve for this material. The soil water characteristic curve 

reflects the coarse grained (rock like) dominated nature of the material where, a high percentage 

of large interparticle pore spaces exist. These pores have a low air entry value and drain rapidly. 
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The hydraulic conductivity function illustrated in Figure 8.19 shows a rapid drop in the hydraulic 

conductivity with small values of applied matric suction. A saturated hydraulic conductivity of 

0.1 crnls is assumed. The hydraulic conductivity falls below lxl0-7 crnls before I kPa matric 

suction is applied. In summary, this waste rock material has little capability of storing or 

transmitting liquid water under negative water pressures. 
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Hydraulic conductivity function for the sample (TP6GS4) representing waste 
rock containing 20 to 29% passing the 4.75mm (#4) sieve 

Water Flow and Storage in the East Waste Rock Dump 

The flow of water in unsatur~ted waste rock piles is not well understood. This research program 

has provided some fundamental knowledge on the internal structure, material properties, 

moisture distribution, and soil water characteristic curves of the waste rock materials found in 

the pile. There are numerous factors that influence how water flows in waste rock· piles. 

Blasting, rock properties, physical and chemical weathering, construction techniques, internal 

structure, climate and local groundwater regime are the important factors influencing how water 

flows in a waste rock pile. Figure 8.20 presents a conceptual model of the hydrologic processes 

at the east waste rock dump at the Golden Sunlight Mine. The model is based on the 

observations made during the field and laboratory programs. The individual processes involved 

in the flow and storage of water are described in the following sections. 
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Run-on 

Low water contents 

Figure 8.20 Hydrologic processes active at the east dump. 

8.4.1 · Liquid Water Storage 

The soil water characteristic curves are the fundamental basis for explaining how the various 

waste rock materials may retain water in unsaturated conditions. It can be concluded from the 

measured soil water characteristic curves that the layers in the waste rock pile containing greater 

than 40% passing the 4.75 mm sieve (corresponding to 20% or greater passing the 2mm) will 

represent the preferential layers for the storage of liquid water in the waste rock pile. 

Figure 8.21 shows the soil water characteristic curves for the various grain size distributions 

determined during the laboratory program. These soil water characteristic curves reveal two 

general types of waste rock material. The first type is waste rock material capable of retaining 

water under negative water pressure. This type of material is represented by the soil water 

characteristic curves for samples TP5GS1, TP7GS3, and TP18GS5. These soil water 

characteristic curves show that fine dominated waste rock containing greater than 40% passing 

the 4.75 mm sieve (corresponding to 20% or greater passing the 2mm) will be capable of storing 
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water under negative water pressures. This waste rock material has an air entry value between 3 

and 5 kPa. 

Waste rock material containing a smaller percentage of fine grained material will have very little 

capability of storing water under negative pressures. This type of waste rock material is shown 

by the soil water characteristic curves for samples TP6GS5 and TP6GS4. Both of these samples 

are representative of waste rock samples containing less than 40% passing the 4.75 mm sieve. 

The important characteristic of these soil water characteristic curves is a very low or negligible 

air entry value. These materials drain under small values of matric suction and show little 

capacity to retain water under negative pore water pressures. 

The soil water characteristic curve for the sample TP6GS5 does retain some water for small 

values of matric suction and shows characteristics of both material types. The air entry value for 

this material is very small and can be assumed to be negligible but shows a gradual decrease in 

volumetric water content for values of suction from 0.01 to 100 kPa. This sample is considered 

to be on the boundary between waste rock material that can and cannot retain water under 

negative water pressures. 
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8.4.2 Liquid Water Flow 

The hydraulic conductivity function curves provide some insight into how the various waste rock 

materials will transmit liquid water under unsaturated conditions. Figure 8.22 illustrates the 

hydraulic conductivity function curves for the samples tested using the large diameter pressure 

plate cell. The hydraulic conductivity function curves indicate two general material types. The 

difference in the hydraulic conductivity function curves corresponds to the two types of waste 

rock materials. The waste rock samples (those containing greater than 40% passing 4.75 nun) 

which are capable of retaining water under negative water pressures are capable of retaining a 

higher unsaturated hydraulic conductivity. The samples that represent material that drains 

rapidly under negative pore water pore pressures (greater than 40% passing 4.75 nun) show a 

rapid decrease in the hydraulic conductivity. 

It can be concluded then that the fine grained waste rock layers will be preferential layers for 

liquid water flow and solute transport in the waste rock pile under certain unsaturated conditions 

such as those present in the wetting front. Higher water content measurements were detected in 

the upper 15m of the waste rock pile although unsaturated conditions prevail. Gravimetric water 

contents were found to range from 4 to 13% which corresponds to volumetric water contents of 

approximately 7 to 23%. The hydraulic conductivity under these conditions remains several 

orders of magnitude higher in the fine grained waste rock than in the coarse grained waste rock. 

To illustrate this point, Figure 8.21 shows that a value of matric suction of 4 kPa can correspond 

to a range volumetric water content values from 11 to 30 %. In general, volumetric water content 

values determined for samples obtained in the upper 15m of the waste rock pile are in this range. 

Figure 8.22 shows that at a value of matric suction of 4 kPa the fine grained waste rock 

(TP5GS 1) has a hydraulic conductivity as great as 4 orders of magnitude higher than the coarse 

waste rock material (TP6GS4) (i.e., 5x10-3 crnls compared to less than lx10-7 crnls ). This 

example illustrates the importance of the fine waste rock layers in storing water and providing 

the pathway for liquid water flow in the upper 15 m of the east waste rock pile at Golden 

Sunlight Mines. 
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Figure 8.22 Hydraulic conductivity curves for the various grain size distribution 

classification groups tested during the laboratory program 

Very different conditions exist below the wetting front at depths below 15 m. In this portion of 

the waste rock pile, gravimeteric water contents were found range between 0.5% and 4% or 

approximately 0.9 to 7.2% volumetric water content. Freshly shot waste rock has a volumetric 

water content of less than 6%. It appears the waste rock was placed into the pile at or below a 

volumetric water content of 6% and has remained dry below approximately 15m. At these water 

contents, high values of matric suction occur and the waste rock has a very low value of 

hydraulic conductivity. These low values of hydraulic conductivity result in very little liquid 

water flow occurring in the waste rock pile below the wetting front. 

8.4.3 Liquid Water Flow and Storage Processes in a Dipping Layered Waste 

Rock System 

It is common to find the development of preferential flow paths in heterogeneous waste rock 

piles mentioned in the literature. In some instances it is thought that preferential flow occurs 

through open channels or voids in the waste rock material. This type of flow has been described 

as channel flow and refers to flow between coarse rock fragment. Smith et al., (1995) describe 

flow in waste rock piles as occurring either through channel flow or through a granular matrix. 
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Flow through a granular matrix can be described as traditional flow through a porous media 

however channel flow cannot be described using a porous flow model. Water moves through 

channels and macropores by gravity. Existing flow theory for structured soils has been used as 

an approximation of the flow in channels within waste rock piles (Smith et al., 1995). The rapid 

response of water discharging from the toe of a waste rock pile after a precipitation event at the 

Island Copper Mine located in British Columbia is thought to provide evidence of channel type 

flow (Smith et al., 1995). 

This type of flow however is not the type of preferential flow transporting water within the waste 

rock pile at Golden Sunlight Mines. Channel type flow may occur at the upper waste rock pile 

atmosphere boundary during precipitation or snow melt and represent a transport mechanism that 

contributes to infiltration into the pile. Water that infiltrates into coarse layers at the top of the 

waste rock pile however, cannot be stored in these layers. The soil water characteristic curves 

have shown that coarse layers are not capable of storing significant volumes of water under 

negative pressures. The water will slowly drain and enter into the fine layers where it can be 

stored and transported under unsaturated conditions. 

A layered system of dipping beds consisting of fine and coarse grained material exists in the 

waste rock pile Water that enters into coarse layers, is subjected to a vertical head gradient and 

the water droplets will move downward due to gravity. Water can not be held- in the coarse 

layers and either exists as droplets and films of water on the surface of the particles or is a small 

volume of water held in tension at the points of contact in the coarse layers. Most of the water in 

the coarse layers flows vertically downward as a film covering the particles or as droplets of 

water. The underlying fine la~ers intercept this flow and provide the principle pathways for the 

flow and transport of liquid water. 

Horton and Hawkins ( 1965) investigated the flow of water in an unsaturated layered system. A 

column was constructed using a plexiglass tube and filled with a coarse sand and a sandy clay 

soil. A vertical contact existed between the two types of material. The preferential flow path for 

water applied equally to the top of both materials in the column was through the sandy clay soil 

rather than the coarse sand. A downward horizontal hydraulic head gradient primarily resulting 

from a gravitational head gradient and horizontal hydraulic head gradient primarily due to a 

pressure head gradient between the fine and coarse grained vertical layers was shown to occur. 
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Water that entered the coarse sand therefore was found to flow downward and horizontally until 

it entered into the sandy clay soil across the vertical contact. A large component of the total flow 

occurred in the sandy clay soil. Newman ( 1995) supported the results of the Horton and 

Hawkins experiment. Laboratory experiments and numerical modeling are currently being 

conducted by Newman to investigate this phenomenon in waste rock material. 

The dipping structure within the waste rock pile helps to facilitate the water movement entering 

the fine layers. In a vertical layered system, as demonstrated by Horton and Hawkins ( 1965) and 

Newman ( 1995) the hydraulic head gradient resulting from differences in matric suction is the 

most significant gradient that causes flow towards the fine layers. In this system, the downward 

gradient resulting from gravity only promotes the downward flow of water within an individual 

layer (except for water moving near the vertical contacts where it might enter the fine layer at 

random). In a dipping layered system however the hydraulic head gradient resulting from gravity 

also drives water toward the fine layers. In this system, downward water movement will 

intercept the fine layers at the dipping contacts between coarse and fine material. In summary, 

both the gravitational (gravitational head) and matric suction (pressure head) components of the 

total hydraulic head gradient are responsible for transporting water into the finer layers in a 

dipping layered system. 

8.4.4 Water Vapour Flow 

The transport of water vapour in the waste rock pile also occurs. Air flow and vapour transport 

occur due to elevated temperatures associated with the exothermic oxidation process and 

represents a second flow mechanism that transports water in the waste rock pile. This process is 

active in the upper portioq of the waste rock pile where water infiltrating the waste rock pile has 

raised the water contents. The upward movement of water vapour may redistribute water within 

the wetting front where it may be transported upward and condense or it may exit the pile. 

Venting of water vapour from the dump top surface is common at the east waste dump complex 

at Golden Sunlight Mines. Coarse waste rock layers with open interparticle voids appear to 

produce a preferential pathway for the movement of warm, moist air. Excavation into an active 

surface vent revealed a coarse waste rock layer along which air with temperatures of 60°C and 

relative humidities of 100% was being transported. Venting was not commonly observed along 
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the bench surfaces below the wetting front during the off-loading operations and provides 

evidence for the lack of upward movement of water below the wetting front. 

The magnitude of potential vapour transport was examined by calculating the vapour flux for 

various temperature and relative humidity gradients and comparing these values to infiltration 

rates. The mass flux of water vapour by diffusion was determined using Pick's law. Table 8.2 

provides a summary of the vapour flux calculated for various temperature and relative humidity 

gradients. Temperature and relative humidity gradients were assumed to occur over lm, 3m and 

5m lengths of the waste rock pile. Vapour flow was assumed to occur in coarse waste rock at 

residual water content (S = 17.5 % and n = 0.35). The annual average temperature of 7.2 oc and 

average annual relative humidity of 59% was used for the top of the waste rock pile. Relative 

humidity of 100 % and temperatures of 40 °C, 50 oc and 60 oc were used for waste rock. 

Relative humidities of 100% and temperatures of 60 oc were measured during the field program 

in coarse layers where water vapour was exiting. Infiltration rates through uncovered waste rock 

were calculated to range between 20 and 100 mm per year (Swanson, 1995). An infiltration rate 

of 21 % of annual precipitation (243 mm) or 51 mm/yr. was used in this analysis. The laboratory 

program determined that 72 % of the samples taken during the field program were coarse and 

drained under .small values of matric suction. The amount of water vapour flux as a percentage 

of infiltration was reported assuming 72 % of the waste rock was coarse grained and provided a 

pathway for vapour transport. 

Table 8.2 Annual vapour flux through coarse waste rock for various temperature and 
relative nmruclltv gra.<llents 

40°C 1 37.8 41.0 16.0 23 
40°C 3 10.9 13.7 5.3 8 
40°C 5 6.6 8.2 3.2 5 

50°C 1 42.8 41.0 27.5 39 
50°C 3 14.3 13.7 9.2 13 
50°C 5 8.6 8.2 5.5 8 

60°C 1 52.8 41.0 45.2 64 
60°C 3 17.6 13.7 15.1 21 
60°C 5 10.6 8.2 9.1 13 

* based on a ratio of 72% coarse waste rock available for vapour flow 
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Table 8.2 shows a potential vapour flux between 3.2 mrnlyr. and 45.2 mrnlyr. These values 

illustrate that between 5 % and 64 % of infiltration entering the pile can be removed through 

water vapour flow. The temperature and relative humidity gradients used in these examples are 

realistic based on field measurements made during the field program. The variability of material 

properties in the upper portions of the pile will influence the water vapour flux. The effects of 

variable material properties on water vapour flow have not been investigated in this thesis. 

These scenarios are intended to provide an indication of the potential for vapour flow in waste 

rock under certain temperature and relativity humidity gradients. Table 8.2 shows that an 

upward vapour flux may transport a significant volume of water when compared to infiltration 

into the waste rock pile. Water vapour flow therefore may be an important process that removes 

water from the waste rock pile and should be considered when developing a water balance 

model. 

High values of matric suction and low hydraulic conductivities are expected below the upper 

15m of the waste rock pile associated with the low water content of this material. Liquid water 

flow in this region is not occurring due to the low hydraulic conductivity. Water movement 

therefore would only occur in the vapour phase. Flow in the vapour phase may occur by 

diffusion of water molecules in response to a gradient in the partial pressure of the water vapour 

or by advection of water molecules in the bulk air phase. The flow of water molecules across the 

contractile skin from the liquid phase to the vapour phase (interphase flux) may also occur. 

8.4.5 Summary 

In summary, it has been shown that the waste rock material properties and water contents in the 

upper approximately 15 m of the waste rock pile result in the fine layers being responsible for the 

storage and transport of liquid water within the unsaturated waste rock pile. Liquid water flow 

was not found to occur below this level in the waste rock pile. The coarse waste rock layers may 

provide the pathway for the initial entry of water into the pile however they do not represent a 

preferential pathway within the waste rock pile. It is concluded that the preferential pathway for 

liquid water flow in the upper 15m of the East Waste Rock Dump at Golden Sunlight Mines is 

through the fine waste rock material. Field observation have indicated that coarse waste rock 

layers with open interparticle voids appear to provide a preferential pathway for the movement of 
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water vapour. Water vapour flow may be an important transport process that removes water 

from the waste rock piles. 
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CHAPTER9 

CONCLUSIONS AND RECOMMENDATIONS 

9.1 SUMMARY OF RESEARCH OBJECTIVES 

The main objectives of this thesis were to determine the internal structure and characterize the 

hydrogeologic properties of a waste rock pile. These results were used to investigate how water 

flows in unsaturated heterogeneous waste rock piles. The research program consisted of two 

phases. The first was to conduct a field program designed to obtain critical field data and 

measurements. The second phase of the research program consisted of two main tasks. The first 

was to compil~ and correlate the field data focusing on the construction history, internal structure 

and the distribution of moisture within the pile. The second task was to classify the material and 

conduct a laboratory program to define the hydrogeological properties of the waste rock. 

The objectives of this research were reached using a systematic approach designed to observe, 

measure and explain. The literature review provided in Chapter 2 identified existing research 

pertaining to the physical characterization of waste rock piles, the monitoring of waste rock piles 

and the modelling capabilities of the various waste rock models. A theoretical understanding of 

waste rock piles and the physical and geochemical processes that influence water movement 

within waste rock piles was presented in Chapter 3. Chapter 4 provided the site background 

required for an understanding of the waste rock geology, climatic conditions and the construction 

history of the waste rock pile on which this research program has been based. The approach, 

schedule and procedures followed during the field program were presented in Chapter 5. 

Chapter 6 discussed the methods involved in reducing the field data and conducting the 

laboratory program. The results of the field program and laboratory program were presented in 

Page 170 
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Chapter 7. The results were interpreted and a proposed theory of how water is stored and 

transported with in the waste rock pile was presented in Chapter 8. 

9.2 CONCLUSIONS 

1. The field logging and sampling program documented a highly structured, heterogeneous, 

unsaturated waste rock pile. The structure in the waste rock pile consisted of dipping layers 

defined by color and/or grain size differences. The layers were found to be dipping at 

approximately the angle of repose of the material and strike at an angle consistent with the 

edge of the dump top surface from which the material was end dumped. The layers within 

the pile ranged in thickness from thin lenses (10-20 em) to wide layers with a thickness of 

several metres. Waste rock material in the individual layers were found to consist of either 

one rock type (e.g., shale or latite) or a combination of rock types. 

2. Changes in grain size distribution were found to occur both vertically and horizontally within 

the pile. Horizontal changes in grain size distributions were primarily the result of material 

with variable grain size distributions being dumped into the pile. Segregation also caused 

horizontal changes in some areas of the pile. Vertical changes are generally believed to be 

the result of segregation of the material as it moves down the slope due to gravity. This 

process has produced a coarse rubble zone at the base of the pile. Coarse grained waste rock 

can also be found within the waste rock pile dipping at angles consistent with the overall 

structure in the pile. 

3. A wide range of grain size distributions have been found to exist in the waste rock pile. This 

program has defined the fine endpoint for that range. 

4. Weathering of the waste rock has been documented throughout the waste rock pile except for 

the outer edges where waste rock has recently been placed. 

5. Weathering of the waste rock has been documented throughout the waste rock pile except for 

the outer edges where waste rock has recently been placed. Caution is recommended when 

attempting to characterize the materials in a waste rock pile · using a surface sampling 

program. Surface sampling programs, which sample at s~t intervals along the slope of the 
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waste rock pile, may provide misleading data. The outer edge of an end-dumped constructed 

waste rock pile represents the latest material placed in the pile. If surface sampling has 

occurred recently after the waste rock is placed in the pile, the samples will reflect the 

unweathered properties of the waste rock. This may not be representative of the remainder 

of the waste rock within the pile which has undergone weathering. In addition, if sampling 

has occurred on a pile that has been inactive for many years, the surface sampling method 

may still provide misleading data. In this situation, the waste rock has been weathering in 

the near surface environment. The weathering rates and conditions (temperatures, relative 

humidity, water contents) in this zone may be very different from the weathering 

environment inside the pile. Materials, inside the pile, may have been buried rapidly during 

the construction of the pile and have not weathered under the same conditions as those 

present at or near the atmospheric waste rock boundary. For this reason, it is recommended 

that surface sampling programs, conducted to characterize the material in a waste rock pile, 

be conducted with caution. Attempts should be made to confirm that the results are 

representative of the material characteristics within the entire waste rock pile. 

6. Gravimetric water content data showed that a zone of higher gravimetric water contents 

ranging from 4 to 13% exists in the upper 15 m of the waste rock pile suggesting the 

development of a wetting front. Below this zone, gravimetric water contents were very dry 

ranging from 0.5 to 4%. Infiltration from the dump top surface, due to precipitation, appears 

to be the dominant process producing the wetting front that is developing in the upper 

portions of the pile. 

7. Estimates of the volumetric water content of fresh shot muck rock placed in the waste rock 

pile at Golden Sunlight Mines is less than 6% (Schafer, 1993). These values are very close 

the water contents for rock placed in the pile. Waste rock is therefore placed into the pile dry 

and remains dry except for an increase in water contents occurring in the upper 15 m of the 

waste rock pile. 

8. A wide range of paste pH values were observed for materials placed in the waste rock pile in 

the same year. This indicates that the waste rock material generates acidity at different rates 

for different materials placed in different locations in the waste rock pile. 
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9. The maximum paste pH values determined from samples taken during the field program 

show an overall decrease over time. The clusters of data appear to converge towards a lower 

pH value for older material as the rock oxidizes with time. The paste pH data appears to 

cluster around an acidic value close to 3 with the lowest values occurring between 2 and 3. 

10. The paste pH data also indicates that samples with a pH of less than 4 can be found 

throughout the waste rock pile and for all ages of material. A paste pH of less than 4 

indicates the material contains available acidity from prior acid generation. It is also 

concluded that waste rock in the pile has generated acid in all locations within the pile. 

11. The soil water characteristic curves reveal two general types of waste rock material. The 

first type is waste rock material capable of retaining water under unsaturated conditions. 

This type of waste rock contains greater than 40% passing the 4.75 mm sieve (or 

approximately greater than 20% passing 2 mm). The soil water characteristic curves for 

this type of material is controlled by the fine grained matrix in the waste rock. The second 

type of waste rock begins to drain under small values of matric suction and has little 

capacity to retain water under negative pore pressures. The important characteristic of these 

soil water characteristic curves is a very low or negligible air entry value. This type of waste 

rock contains less than 40% passing the 4.75 mm sieve (or approximately less than 20% 

passing 2.0 mm). 

12. The hydraulic conductivity function curves also indicate two general types of waste rock 

material. The difference in the hydraulic conductivity function curves corresponds to the 

two types of soil water characteristic curves. The waste rock samples containing greater than 

40% passing 4.75 mm, which are capable of retaining water under negative water pressures, 

are also capable of retaining a higher unsaturated hydraulic conductivity. The samples 

containing less than 40% passing 4.75 mm are not capable of retaining water under negative 

pressures. These samples drain rapidly and show a rapid decrease in unsaturated hydraulic 

conductivity with applied matric suction. 
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13. It is concluded that the fine grained waste rock layers are preferential layers for the storage 

of water and provide the pathways for the liquid water and solute transport in the waste rock 

pile under certain unsaturated conditions. 

14. In general, it is likely that the fine grained layers are responsible for the storage of liquid 

water and are the pathways for liquid water flow in the upper wetting front . 

15. Water that infiltrates into coarse layers at the top of the waste rock pile cannot be stored in 

these layers.' The soil water characteristic curves have shown that coarse layers are not 

capable of storing significant volumes of water under negative pressures. The water will 

slowly drain and enter into the fine layers where it can be stored and transported under 

unsaturated conditions. 

16. Low water contents result in high matric suction values below the wetting front. All types of 

waste rock in this portion of the pile will have very low hydraulic conductivity values. The 

low hydraulic conductivity values, resulting from the low water contents, indicate no liquid 

water flow is occurring in the waste rock pile below the wetting front. 

17. The transport of water vapour in the waste rock pile is also occurring. Water vapour flow 

due to temperature and relative humidity gradients is a process which transports water in the 

waste rock pile. This process is active in the upper portion of the waste rock pile associated 

with the wetting front. The upward movement of water vapour may redistribute water within 

the wetting front where it may be transported upward and condense or exit the pile. Coarse 

waste rock layers with open interparticle voids appear to produce a preferential pathway for 

the movement of water vapour. 

18. Water vapour flow may be an important process that removes water from the waste rock pile. 
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9.3 FUTURE RESEARCH 

The primary objective of this research program was to define the internal structure in a waste 

rock pile and determine the hydrogeologic properties of the waste rock materials. This research 

program represents a small step toward answering many difficult questions regarding the 

hydrogeology of waste rock piles and the transport of oxidation products in the pile. Although 

this research program has reached its objectives, further research is required before practical 

models which simulate water flow and contaminant transport in unsaturated heterogeneous waste 

rock piles can be applied to predict seepage quality from waste rock piles in the long term. The 

ability to predict seepage quality will ultimately provide regulators and the industry with a 

valuable tool to evaluate various acid drainage control and management strategies. Future areas 

of research pertaining to the storage and flow of water in unsaturated waste rock piles are 

described in point form below. 

1. In situ measurements of matric suction in waste rock piles is difficult. Research for methods 

to measure matric suction in waste rock of variable properties is required. 

2. The characterization of the internal structure and material properties is difficult. Large scale 

excavations are useful but the costs and logistics make this option impractical in many 

instances. Drilling in waste rock piles is difficult and provides limited information. 

Geophysical methods to provide data on the internal structure, material properties and 

moisture distribution in waste rock piles should be examined. 

3. Physical and chemical weathering rates within the pile should be examined. These 

weathering rates have important impacts on the hydrogeologic and geotechnical properties of 

the waste rock. The changes in the hydrogeologic and geotechnical properties of the 

materials within the waste rock pile are important for acid mine drainage and waste rock pile 

stability issues. 

4. The existing literature pertaining to the weathering of rock as well as the development of 

residual soils should be reviewed. The literature may provide beneficial information on the 

physical properties of weathered rock and may be useful in estimating the physical properties 

of weathered waste rock that may be expected in some waste rock piles in the long-term. 
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5. Numerical modelling to examine water flow in a heterogeneous waste rock pile containing a 

dipping layered system should be examined. As an extension of these modelling efforts, 

changes in climate should be examined to evaluate the pathways for flow in a heterogeneous 

waste rock pile under different climate conditions. 

6. The effects of a heterogeneous layered system on the resident water, water resident times and 

the percentage of waste rock flushed by water flow should be examined. The modelling 

results should be validated with actual field monitoring results. 

7. The amount of water removed from the waste rock pile as a result of vapour transport is 

unknown. The impacts of vapour flow should be examined. 

8. The structure for an angle of repose end dumped constructed waste rock piles have been 

documented. The internal structure, the storage of water and the pathways for water flow 

should be examined in piles built using alternative construction techniques. 

9. Field monitoring and laboratory testing should be continued in order to provide a data base 

required for the validation of future waste rock modelling efforts. 
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Appendix A: Field Logs 

APPENDIX A 

Field Logs 

This appendix includes the detailed field logs from Phase I - Field Program. 

A-1 



Test Pit# 
Location 

Elevation 
Date 

Depth 

0-0.8 m 

1 pg.1 

27446.31 N 

25510.13 E 

5416.81 

Sept. 23/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readinqs 
Suction Temp. R.H. Water Conten 

oc OJo total <3/8" 

Coarse grained, black shale (80%) some na 17 11 0.4 0.87 

medium to coarse grained, lt. grey to white 

intrusive rocks (latite) 

shale contains disseminated pyrite 

boulders to gravel sized range, some silt 

interparticle spaces open 

little to no weathering, material appears 

very fresh 

some particles show oxidation along 

original joint surfaces 

no sorting of material 

unit is dry, dusty 

Page A-1 

Samples 
Number Type Interval 

TP1GS1a jar 0-1.8m 

TP1GS1b bag 0-1.8m 

TP1GS1c bag 0-1.8m 

TP1GS1d bag 0-1.8m 



Test Pit# 
Location 

Elevation 
Date 

Depth 

2 pg.1 

5416.81 

Sept. 23/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin~ s 
Suction Temp. A. H. Water Conten1 

oc 0/o total <3/8" 

No log or samples taken 

Page A-2 

Samples 
Number Type Interval 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

3.4- 2.1m 

2.1 -1.8 m 

1.8-1.2 m 

3 pg.1 

27250.73 N 

26244.44 E 

5423.03 

Sept. 23/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inns 

Page A-3 

Samples 
Suction Temp. R.H. Water Conten Number Type Interval 

oc 0/o total <3/8" 

large boulders to silt size particle range. 381mba 27.5 98 4.4 5.9 TP3GS1a jar 3.4-1.2 

reddish yellow (7.5YR6/8) color. TP3GS1b bag 3.4-1.2 

dry, warm. TP3GS1c bag 3.4-1.2 

some degree of sorting, fining upwards. TP3GS1d bag 3.4-1.2 

primarily composed of medium to 

coarse grained latite. 

some preferential orientation of elongate 

particles parallel to dip. 

moderate degree of oxidation. 

higher degree of oxidation noted in matrix 

and smaller particles. 

level of oxidation in coarse particle minor 

restricted to particle surfaces. 

all layers strike 172 o dip40W 

coarse boulder to silt size particles 60mba 25 94.8 2.2 3 TP3GS2a jar 2.1-1.8 

pale olive, yellow color (5Y7/3) TP3GS2b bag 2.1-1.8 

matrix and dusting on larger particles TP3GS2c bag 2.1-1.8 

poorly sorted, slightly warm, dry TP3GS2d bag 2.1-1.8 

oxidation is low to moderate 

unit composed primarily of coarse grained 

latite 

some particles show oxidation 

along original joint surfaces 

which are a dark red to black in 

color 

composed primarily, of gravel to 78mbar 25.5 91 2.2 2.8 TP3GS3 jar 1.8-1.2 

silt size particles, some boulders TP3GS3 bag 1.8-1.2 

reddish yellow (7.5YR6/8) TP3GS3 bag 1.8-1.2 

dry, warm TP3GS3 bag 1.8-1.2 

primarily composed of medium to 

coarse grained latite 

moderate degree of oxidation 

unit similar to 2.1 - 3.4 layer previously 

described 



Test Pit# 
Location 

Elevation 
Date 

Depth 

1.2-1.1 m 

1.1 - 0.61 

0.61-

surface 

3 pg.2 

27250.73 N 

26244.44 E 

5423.03 

Sept. 23/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inns 
Suction Temp. R.H. Water Conten1 

oc o/o total <3/a· 

composed of gravel to silt sizes particles . 

dry to very slightly moist. 

slight cementing. 

composed primarily of highly angular shale 

particles. 

primarily a yellowish red SYS/8 color 

of matrix and particle surfaces. 

some particles {20%) are a dusk red 

1 OR2.5/2 color to black 5YR2.5/1 color. 

dark particles produce a 

disseminated appearance to 

the layer. 

sharp contacts above and below. 

interparticle spaces infilled with fine 

matrix. 

moderately oxidized. 

gravel to silt sized particle range, some 

boulders. 

yellow 5Y7/6 color. 

material is loose, dry, warm. 

occasional particles contain very dusky 

color on particle surface. 

composed primarily of medium to coarse 

grained latite. 

sharp contact with layer below, gradational 

contact with unit above. 

some areas on particle surface show 

oxidation of sulfide minerals producing 

a reddish yellow stain. 

low to moderate level of oxidation. 

primarily gravel to silt size range, some 

boulders. 

composed primarily of highly angular shale 

particles. 

primarily a reddish yellow {7.5YR6/8) color 

of matrix and particle surfaces. 

some particles 5-1 0%, are a dusk red 

1 OR2.5/2 color to a black 5YR2.511 color. 

sharp upper contact, gradational lower 

contact. 

dry, warm 

Page A-4 

Samples 
Number Type Interval 



Test Pit# 
Location 

Elevation 
Date 

Depth 

0.61 -

surface 

LOG2 

3.4-2.9 m 

2.9-

surface 

3 pg.3 

27250.73 N 

26244.44 E 

5423.03 

Sept. 23/94 

Description 

I 

Dep~rtment of Civil Engineering 
Univer~ity of Saskatchewan, Canada 

Pha~e I - East Dump Characterization 
GODDEN SUNLIGHT MINES, INC. 

1 Whitehall, Montana 

Readinc1s 
Suction Temp. R.H. Water Conten 

oc o;o total <3/8" 

continued. 
I 
I 

interparticle spaces infilled with fi~e matri~. 
level of oxidation low to moderat~. 

I 
I 

I 
I 

unit 0.61 - surface from LOG 1 I 

1 

i 

i 
gravel to silt sized particles, some boulders. 

I 

154mba 23 80 3.1 3.5 

matrix and dusting on particles isj a 

yellow 5Y8/3 color. I 

j 

layer contains both shale and lati
1

te particles. 

occasional pockets and lenses J 

of dusky red particles in matrix.~ 
turquoise blue secondary minera s 

precipitated on some particle su aces. 

layer is dry to slightly moist, I 
I 

warm. I 

slightly cemented. 
I 

level of oxidation low to moderat~. 
interparticle spaces infilled with fire matrix. 

Page A-5 

Samples 
Number Type Interval 

TP3GS4a jar 2.9-0.0 

TP3GS4b bag 2.9-0.0 

TP3GS4c bag 2.9-0.0 

TP3GS4d bag 2.9-0.0 



Test Pit# 4 pg1 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Location 27245.69 N 

26100.32 E 

Elevation 5425.29 Whitehall, Montana 
Date Sept 26/94 

Depth Description Readin1 s 
Suction Temp. R.H. Water Conten 

oc o;o total <3/8" 

LOG 1 Air temp 22°C, RH 16% 

3.5- 1.8 m layer contains boulder to silt sized latite and na 25 51.2 0.02 0.04 

shale particles. 

poorly sorted, dry, weakly cemented in 

places. 

particles are highly angular. 

some particle surfaces have a 

pale yellow dusting. 

overall oxidation is low, much of the 

pyrite on particle surfaces shows very 

little alteration 

material is grey ( 7.5RN5). 

some fine grained salts are 

visible on some particle surfaces. 

all layers in test pit strike 45° dip 43° NW 

no preferential orientation of elongate 

particles. 

interparticle voids partly infilled with fine 

matrix 

1.8-1.7m coarse boulder to gravel particle size na 26.4 70.1 0.38 0.51 

range. 

material is composed of highly angular 

latite particles. 

reddish yellow (7.7YR7/8) 

dusting on particle surfaces . 

material is warm, dry, little fine matrix 

infilling interparticle voids. 

level of oxidation overall - low 

large particles exhibit edge to face 

framework with no sorting within unit. 

material is very loose. 

1.7-1.3m gravel to silt sized particle size range. na 25.5 45 0.35 0.45 

material is a yellow 10YR7/6 color. 

material is composed of highly angular 

latite particles show a low degree 

of weathering and oxidation restricted to 

particle surfaces. 

material is dry, loose, warm 

some particles show red to dusky red 

stain which appears to be original joint 

surfaces. 
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Samples 
Number Type Interval 

TP4GS1a jar 3.5-1.8 

TP4GS1b bag 3.5-1.8 

TP4GS1c bag 3.5-1.8 

TP4GS1d bag 3.5-1.8 

TP4GS2a jar 1.8-1.7 

TP4GS2b bag 1.8-1.7 

TP4GS2c bag 1.8-1.7 

TP4GS2d bag 1.8-1.7 

TP4GS3a jar 1.7-1.3 

TP4GS3b bag 1.7-1.3 

TP4GS3c bag 1.7-1.3 

TP4GS3d bag 1.7-1.3 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 con't 

1.7-1.3 

1.3-

surface 

LOG2 

2.1 - 1.8 

1.8- 1.2 

1.2-

surface 

4 pg2 

27245.69 N 

26100.32 E 

5425.29 

Sept 26/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin~•s 

Suction Temp. R.H. Water Conten 
oc 0/o total <3/8" 

fine matrix infilling all interparticle voids. 

disturbed material 

unit described from 1.7 - 1.3 log 1 

Coarse gravel to silt sized particle size na 30.7 62.8 0.55 1.1 

range. 

Fine silt and sand matrix infills most 

interparticle spaces, however some 

interparticle voids around larger particles 

remain open. 

unit is a reddish yellow 7.5YR7/8 color 

fine reddish yellow dusting on particle 

surfaces. 

level of oxidation appears low overall. 

layer is dry, poorly sorted composed 

primarily of coarse to medium grained 

latite. 

material is loose 

some fine thin bands locally define 

weak sorting. 

na 22 35 0.5 0.67 

highly angular boulder to silt particle 

size range. 

unit shows some sorting with 

material becoming fine near top of layer. 

particles are highly angular and 

very loosely packed. 

layer composed primarily of shale particle 

types. 

Most particles appear to have broken along 

pre-existing joint surfaces or bedding 

planes. 

unit is a reddish yellow 7 .5YR6/8 to 
strong brown 7 .5YR5/8 color 

fine layer near top of unit and surface 

strong brown particles are possibly 

oxide material. 
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Samples 
Number Type Interval 

TP4GS4a jar 1.8-1.2 

TP4GS4b bag 1.8-1.2 

TP4GS4c bag 1.8-1.2 

TP4GS4d bag 1.8-1.2 

TP4GS5 jar 1.2-0.0 

TP4GS5 bag 1.2-0.0 

TP4GS5 bag 1.2-0.0 

TP4GS5 bag 1.2-0.0 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 2 con't 

1.2-

surface 

con't 

4 pg3 

27245.69 N 

26100.32 E 

5425.29 

Sept 26/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readinc1s 
Suction Temp. R.H. Water Conten 

oc o/o total <3/8" 

some particles show areas of dusky red 

7.5YR2.5/4 staining. 

all interparticle voids are infilled with 

fine matrix. 

unit is dry and warm 

level of oxidation appears to be low to 

moderate. 
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Samples· 
Number Type Interval 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

2.9-2.6 

2.4-1.7 m 

5 pg.1 

27446.31 N 

26510.13 E 

5416.81 

Sept. 24/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inns 
Suction Temp. R.H. Water Conten 

oc o/o total <3/8" 

coarse boulders to silt sized grainsize 220mba 46 31 0.55 0.7 

range. 

unit is a pale olive yellow color with 

occasional pockets or lenses of reddish 

yellow stain 

material is primarily composed of latite 

particles. 

layer is dry, warm, poorly sorted with 

some preferential orientation of elongate 

particles. 

interparticle voids are infilled with fine 

matrix. 

upper contact gradational 

degree of oxidation appears low with fine 

pale olive yellow dusting on surface of 

particles with occasional patches of 

reddish yellow stain where sulphide 

minerals are exposed on particle surfaces. 

any weathering or oxidation is restricted 

only to the particle surface. 

pyrite with or little or no alteration visible. 

layer is very weakly cemented 

boulder to silt sized particle size range. na 41 38 0.4 0.51 

layer composed of intrusive varieties 

(laitite most common). 

reddish yellow 7 .5YR6/8 color of matrix 

and dusting of particle surfaces. 

layer is dry, warm 

air in void spaces feels moist to the touch. 

fine grained matrix infills most of the 

interparticle voids. 

material is loose and poorly consolidated. 

some fine matrix and small grains are 

cemented to some larger particles. 

degree of oxidation is low to moderate. 

All beds strike 90° dip 42° S 

Page A-9 

Samples 
Number Type Interval 

TP5GS1a jar 2.9-2.6 

TP5GS1b bag 2.9-2.6 

TP5GS1c bag 2.9-2.6 

TP5GS1d bag 2.9-2.6 

TP5GS2a jar 2.4-1.7 

TP5GS2b bag 2.4-1.7 

TP5GS2c bag 2.4-1.7 

TP5GS2d bag 2.4-1.7 



Test Pit# 
Location 

Elevation 
Date 

Depth 

1.7-0.91m 

0.91-0.61 m 

5 pg.2 

27446.31 N 

26510.13 E 

5416.81 

Sept. 24/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin~ s 
Suction Temp. R.H. Water Conten 

oc o;o total <3/8" 

Coarse boulder to gravel grainsize range. na 60 101 na na 

Layer composed of latite particle types. 

Latite particles show some alteration of 

feldspar phenocrysts. 

Reddish yellow stain along some 

particle surfaces. 

Overall latite particles have undergone 

minor alteration. 

Degree of oxidation low. 

Little infilling of interparticle voids by 

fine grained matrix. 

Hot moist air venting through open voids. 

Some condensation occurring as hot 

moist air vents through pit wall. 

Rock particles poorly sorted with an 

edg~ to face framework. 

Reddish yellow 7 .5YR6/8 boulder to silt na 31.5 94 0.5 0.5 

size particle range. 

Composed primarily of latite particles. 

Layer is dry, warm, dusty. 

· Level of oxidation low to moderate 

(matrix appears moderately oxidized). 

Reddish yellow dusting on particle 

surfaces, particles relatively unaltered 

below surface. 

0.61- 0.5m Boulder to sand sized particle size range. na 64.5 101 2 3.7 

Unit composed of latite particles. 

Interparticle voids partly infilled with 

fine matrix. 

Material is poorly sorted. 

Layer is warm slightly moist, moisture 

possibly due to condensation. 

Movement of hot moist air occurring 

through open void spaces. 

Level of oxidation is low. 

Edge to face framework of particles 

in layer. 

0.5- disturbed and compacted surface 

surface 
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Samples 
Number Type Interval 

TP5GS3b bag 1.7-0.9 

TP5GS3c bag 1.7-0.9 

TP5GS3d bag 1.7-0.9 

TP5GS4a jar .91-.61 

TP5GS4b bag .91-.61 

TP5GS4c bag .91-.61 

TP5GS4d bag .91-.61 

TP5GS6 jar .61-.5 

TP5GS6 bag .61-.5 

TP5GS6 bag .61-.5 

TP5GS6 bag .61-.5 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG2 

1.5- 1.7 m 

1.7-0.5 m 

0.5-

surface 

5 pg.3 

27446.31 N 

26510.13 E 

5416.81 

Sept. 24/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inns 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

layer 0.61 - 0.5m LOG 1 

Highly angular gravel to silt sized particle na na 37 0.49 0.68 

size range. 

Layer is a yellowish red 5YR5/8 color. 

Yellowish red color of fine silt matrix and 

fine dusting on particles. 

Material composed of shale particle types 

and coarse to medium grained latite. 

Some very dusky red 7.5R2.5/4 patches 

on shale particle surfaces. 

Layer is warm, very dry, loose and 

poorly consolidated. 

Interparticle spaces infilled with fine matrix. 

Level of oxidation low to moderate 

Some lenses of dusky red color material 

give unit slightly banded appearance. 

Disturbed and compacted bench surface 
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Samples 
Number Type Interval 

TP5GS6a jar 1.7-0.5 

TP5GS6b bag 1.7-0.5 

TP5GS6c bag 1.7-0.5 

TP5GS6d bag 1.7-0.5 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

3.2-2.0 m 

2.0-1.1 m 

6 p1 

27253.09 N 

25945.29 E 

5424.31 

Sept. 27/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inns 
Suction Temp. A. H. Water Conten 

oc o/o total <3/8" 

Air temp 18.4°C, RH 19.4% 

Material composed of gravel to silt sized na 19.3 26.6 0.37 0.43 

particle size range with occasional 

boulder sized particles. 

Layer is a light grey 5Y7/2 to pale yellow 

5Y8/3 color. 

Material primarily composed of highly 

angular sulfide bearing shale 

with some latite. 

Particle are covered with a light yellow 

dusting with areas of brownish 

yellow stain where sulfides appear 

to be oxidizing. 

Layer is cool, dry 

Fine aphanitic, white, salt precipitates 

on some particle surfaces. 

Material is slightly cemented. 

Oxidation is low to moderate in places 

Material is poorly sorted with fine matrix 

infilling interparticle voids. 

All beds strike 60° dip 40 o NW 

Material composed of reddish yellow na 18.5 21.4 0.12 0.16 

7 .5YR6/8 gravel to silt sized 

particles with occasional boulder 

sized particles. 

Material primarily composed of highly 

angular sulfide bearing shale 

with some latite. 

Lower contact is sharp defined by color 

change. 

Unit is slightly cemented in nature with 

fine white salts precipitated on particle 

surfaces and in the fine matrix. 

All interparticle voids are infilled with a 

fine matrix. 

Fine particles and matrix often found 

cemented to the surface of larger particles. 

Reddish yellow dusting over most particles 

with areas or spots of dark dusky red 

stain on particle surfaces. 

Material is cool, dry. 

Level of oxidation low to moderate 
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Samples 
Number Type Interval 

TP6GS1a jar 3.2-2.0 

TP6GS1b bag 3.2-2.0 

TP6GS1c bag 3.2-2.0 

TP6GS1d bag 3.2-2.0 

TP6GS2a jar 2.0-1.1 

TP6GS2b bag 2.0-1.1 

TP6GS2c bag 2.0-1.1 

TP6GS2d bag 2.0-1.1 



Test Pit# 
Location 

Elevation 
Date 

Depth 

1.1 - 0.8 

0.8-

surface 

6 p2 

27253.09 N 

25945.29 E 

5424.31 

Sept. 27/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin! s 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Boulder to silt grainsize range na 19.5 27 0.06 0.4 

Layer composed of both shale and latite 

particle types. 

75% of interparticle voids infilled 

with fine matrix. 

Material is a pale yellow 5Y8/3 color 

Areas or spots of dark dusky red 

stain on particle surfaces . 

Overall level of oxidation is low 

restricted to particle surfaces where 

present. 

Fine particles and matrix often found 

cemented to the surface of larger particles. 

White aphanitic •powdery•, white salts 

visible on particle surfaces and in matrix. 

Uni~ is dry, warm, slightly cemented 

in places. 

Layer is a pale yellow 5Y8/3 color. na 19.1 15.4 0.23 0.39 

Material is composed primarily gravel to 

silt sized particles with occasional boulders 

Material is composed primarily of highly 

angular sulfide bearing shale with 

some latite. 

Patches or spots of dusky red with 

reddish yellow halos visible on particle 

surfaces indicating the preferential 

oxidation of sulfide minerals exposed 

on particle surfaces. 

Oxidation on some particles appears 

highlight joint surfaces. 

Interparticle voids infilled with fine matrix. 

Layer is slightly cemented. 

Fine grained to aphanitic white salts found 

on particle surfaces and within the 

matrix. 

Material is dry, warm, poorly sorted. 

Lower boundary is gradational with 

coarse material below. 

Level of oxidation low overall 
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Samples 
Number Type Interval 

TP6GS3a jar 1.1-0.8 

TP6GS3b bag 1.1-0.8 

TP6GS3c bag 1.1-0.8 

TP6GS3d bag 1.1-0.8 

TP6GS4a jar 0.8-0.0 

TP6GS4b bag 0.8-0.0 

TP6GS4c bag 0.8-0.0 

TP6GS4d bag 0.8-0.0 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG2 

3.0-2.8 m 

2.8-1.9 m 

1.9- 1.6 m 

1.6-0.7 m 

0.7-

surface 

6p3 

27253.09 N 

25945.29 E 

5424.31 

Sept. 27/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readinc1s 
Suction Temp. R.H. Water Conten 

oc 0/o total <318" 

unit 3.2 - 2.0 log 1 

unit 2.0-1.1,1og 1 

unit 1.1 - 0.8, log 1 

unit 0.8- surface, log 1 

Material consists of highly angular gravel na 20.6 14.9 0.24 0.3 

to silt sized sulfide bearing shale with 

some latite ( <20%) and occasional 

boulders. 

Layer is weakly cemented. 

Fine, white salt precipitates on particle 

surfaces and matrix. 

Preferential orientation of elongate particles 

parallel to dip. 

Layer is 7.5YR6/8 color. 

Material is dry, warm, poorly sorted 

Level of oxidation low. 
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Samples 
Number Type Interval 

TP6GS1a jar 0.7-0.0 

TP6GS1b bag 0.7-0.0 

TP6GS1c bag 0.7-0.0 

TP6GS1d bag 0.7-0.0 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

2.7-2.1 m 

2.1-1.7m 

7 pg.1 

27251.73 N 

25757.71 E 

5428.22 

Sept 27/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inc as 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Air temp 25°C, RH 13.0% 

Gravel to silt sized particles. 23m bar 24.5 100.8 2.1 4.1 

Unit is a light olive grey 5Y6/2 changing 

laterally into a strong brown 7 .5YR5/8 

color. (colors here described moist) 

Material is moist, warm, well compacted 

with interparticle voids infilled with fine 

matrix. na 26.8 98 3.1 6.2 

Some cementing of fine particles to 

larger particles. 

Particles are composed of latite. 

Weathering and oxidation appears 

to be restricted to the surface of the 

particles 

Latite particles have a light pate yellow 

5Y8/4 dusting on the surface. 

Level of oxidation low to moderate. 

Boulder to silt size particle range. 200mba 26.4 97.3 8.4 9.4 

Material is primarily a yellowish red 

5YR5/8 with abundant patches 

of red 2.5YR4/8 in the matrix. 

Material consists of both shale and latite. 

Unit contains some pale yellow clay 

which appears to be a product of 

weathering processes. 

Some (generally the smaller particles) 

latite particles appear to be weathered 

both on the surface and within the 

particle. 

Removal of sulfide minerals in sulfide 

bearing shales evident, leaving a dark 

dusky red to black stained cavity in the 

particle. 

Large latite particles appear to be much 

more resistant to the weathering 

and breakdown 

Fine grained, white aphanitic salts present 

in the matrix and on particle surfaces. 

Unit is warm, moist, poorly sorted with 

interparticle spaces infilled with fine matrix. 

Level of oxidation moderate to high. 
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Samples 
Number Type Interval 

(grey unit) 

TP7GS1a jar 2.7-2.1 

TP7GS1b bag 2.7-2.1 

TP7GS1c bag 2.7-2.1 

TP7GS1d bag 2.7-2.1 

(brown unit) 

TP7GS2a jar 2.7-2.1 

TP7GS2b bag 2.7-2.1 

TP7GS2c bag 2.7-2.1 

TP7GS2d bag 2.7-2.1 

TP7GS3 jar 2.1-1.7 

TP7GS3 bag 2.1-1.7 

TP7GS3 bag 2.1-1.7 

TP7GS3 bag 2.1-1.7 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 con't 

1.7- 1.5 m 

1.5-0.4 m 

7 pg.2 

27251.73 N 

25757.71 E 

5428.22 

Sept 27/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin~ s 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Layer is a grey 5Y5/1 color with na 29.5 97.6 2.1 4.6 

pale yellow 5Y8/4 dusting of fines 

on some particles. 

Layer is composed primarily of latite 

some shale. 

Particles range from boulders to silt 

size with interparticle voids infilled 

with fine matrix. 

Material is warm, moist, poorly 

sorted 

Smaller particles show moderate 

degree of weathering, larger particles 

appear less altered. 

Oxidation low to moderate. 

Sharp upper and lower contact. 

Consists primarily of gravel to silt na 27;3 97.7 4.4 7.1 

grainsize range with occasional boulders. 

Material is primarily a red 2.5 YR4/8 color 

with a lens in the middle of red 1 OR4/8 

clay. 

Material shows a general degree of 

sorting with the unit increasing 

in fine particles towards the upper and 

lower contact of the layer. 

All interparticle voids are infilled with 

fine matrix. 

Particles are moderately highly weathered 

with signs of weathering below the 

particle surfaces. 

Degree of oxidation moderate to high 

with sulfide bearing shale particles 

showing complete removal of sulfide 

minerals leaving deep red stained 

cavities. 

Some shale particles completely 

weathered to a buff brown colored 

2.5Y7/8 color clay. 

Clay holds original particle shape which 

existed prior to weathering. 

Latite appears less altered than many of 
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Samples 
Number Type Interval 

TP7GS4a jar 1.7-1.5 

TP7GS4b bag 1.7-1.5 

TP7GS4c bag 1.7-1.5 

TP7GS4d bag 1.7-1.5 

TP7GS5a jar 1.5-0.4 

TP7GS5b bag 1.5-0.4 

TP7GS5c bag. 1.5-0.4 

TP7GS5d bag 1.5-0.4 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 con't 

1.5-0.4 m 

con't 

0.4-

surface 

LOG2 

2.9-2.2 m 

2.2-

surface 

7 pg.3 

27251.73 N 

25757.71 E 

5428.22 

Sept 27/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inns 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

of the shale varieties. 

Fine white salts visible precipitated on 

particle surfaces and matrix. 

Layer appears weakly cemented with 

some fine particles cemented to larger 

particles. 

Layer is warm and moist. 

Disturbed layer composed of latite 

rubble which has been ripped 

by CAT bulldozer. 

Layer 1. 7 -0.4 m LOG 1 

Material consists of light olive grey 5Y6/2 53 27.7 91.2 3.0 5.4 

matrix with pale yellow 5Y8/4 dusting 

on particles. 

Layer composed of latite particles. 

Large particles tend to exhibit only minor 

surficial weathering while smaller particles 

tend to show higher degrees of weathering. 

Layer is warm, moist and has minor 20 26.1 92.6 3.8 5.5 

sorting tending towards finer grainsizes 

near top and bottom of the layer. 

Some particles show light steel grey 

color on some particle surfaces where 

aphanitic sulfide minerals are present 

(possibly represent secondary sulfide 

mineralization along fractures now 

exposed on particle surfaces). 

Matrix contains pyrite grains or crystals 

possibly released during weathering 

of sulfide bearing latite particles. 

Pyrite on particle surfaces and in the 

matrix appears fresh indicating a low 

degree of oxidation. 

Weathering is moderate to high in places. 
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Samples 
Number !Type Interval 

TP7GS6a jar 2.2-0.75 

TP7GS6b bag 2.2-0.75 

TP7GS6c bag 2.2-0.75 

TP7GS6d bag 2.2-0.75 

TP7GS7a jar 0.75-0.0 

TP7GS7b bag 0.75-0.0 

TP7GS7c bag 0.75-0.0 

TP7GS7d bag 0.75-0.0 



Test Pit# 7 pg.4 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Location 27251.73 N 

25757.71 E 

Elevation 5428.22 Whitehall, Montana 
Date Sept 27/94 

Depth Description Read inns 
Suction Temp. A. H. Water Conten 

oc 0/o total <3/8" 

LOG2 

2.2-

surface some minor reddish yellow staining 

con't on some particles but minor over all. 

Unit contains thin, reddish yellow 

2.5YR4/8 color layer. 

Some particles have a thin accumulation 

of clay on particle surfaces. 

Fine matrix has infilled all interparticle 

voids with the exception of the center of 

the unit where coarse boulder material 

with an edge to face particle orientation 

has open void spaces. 

All beds strike 146° dip 40° NW 

LOG3 

2.6-1.2 m Layer 2.2 - surface from LOG 2 

1.2-0.8 Particles range from boulder to silt sizes na 25.8 92.8 4.0 7.7 

with interparticle voids infilled with 

fine matrix. 

Layer ranges from a reddish yellow 

7 .5YR6/8 to a dusk red 7 .5R3/4 

Patches of dark red clay can be found 

in the matrix. 

Layer composed predominantly of 

latite with some shale particle types. 

Layer appears weakly cemented with 

some fine particles cemented to larger 

particles. 

Degree of oxidation moderate to high 

Layer is warm, moist and poorly sorted. 

Material is weakly cemented. 

0.8-

surface disturbed layer 

Pagre A-18 

Samples 
Number Type Interval · 

TP7GS8a jar 1.2-0.8 

TP7GS8b bag 1.2-0.8 

TP7GS8c bag 1.2-0.8 

TP7GS8d bag 1.2-0.8 



Test Pit# 
Location 

Elevation 
Date 

Depth 

2.7- 1.2 m 

1.2-

surface 

8 pg. 1 

27120 N 

25 960 E 

5424 

Sept. 28/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inns 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Air temp 24°C, RH 12% 

Coarse boulder to silt sized particle na 24.3 27.3 na na 

range. 

Layer composed of latite and shale 

particle types. 

Very little fines infill interparticle voids. 

Material is dry, loose with edge to face 

particle framework. 

Latite particles have a light pale yellow 

5Y8/4 dusting on the surface and 

occasional particles with a reddish yellow 

stain possibly representing joint 

surfaces. 

Level of oxidation appears low confined 

to particle surfaces where present. 

Material is poorly sorted 

Layer consists of gravel to silt na 27 25 0.41 0.74 

sized particles with occasional boulders. 

Material is composed of highly angular 

sulfide bearing shale. 

Material has a reddish yellow 7 .5YR6/8 

matrix and dusting on particle surfaces. 

Matrix has infilled approx. 80% of 

interparticle voids. 

Material is dry, warm, poorly sorted 

loose and poorly compacted. 

Oxidation overall is weak. 

Contact with lower coarse material 

is sharp. 

Top 1 0 em has a compacted and 

cemented layer which represents 

the working bench surface. 
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Samples 
Number Type Interval 

TP8GS1 bag 2.7-1.2 

TP8GS1 bag 2.7-1.2 

TP8GS1 bag 2.7-1.2 

TP8GS2a jar 1.2-0.0 

TP8GS2b bag 1.2-0.0 

TP8GS2c bag 1.2-0.0 

TP8GS2d bag 1.2-0.0 



Test Pit# 
Location 

Elevation 
Date 

Depth 

2.8-0.8 m 

0.8-0.5 m 

0.65-0.4 m 

0.4-

surface 

9 pg.1 

27452 N 

26 990 E 

5360 

Sept. 29/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin! s 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Air temp 16.2°C, RH93% light rain 

Material composed of boulder to gravel na 17.4 102.4 1.1 2.0 

some sand and silt particle sizes. (rain) 

Layer composed of light grey to dark grey 

sulfide bearing shale material 

with minor porphyritic intrusive varieties. 

Waste rock in this layer looks like 

relatively fresh. 

The material is dry, loose with greater 

than 50% of the interparticle voids open. 

Material is poorly sorted with an edge to 

face framework. 

Thin stringers of fines possibly indicating 

some minor degree of sorting locally. 

Level of oxidation very low 

Layer comprised of gravel to silt size na 17.4 102.4 2.7 3.2 

particle range with > 75% of interparticle (rain) 

voids infilled with fine matrix. 

Layer is a reddish yellow 7.5YR6/8 

color of matrix and particle surfaces. 

Material is dry, slightly compacted, cool 

and poorly sorted. 

Layer comprised primarily of shale 

particle types. 

Upper and lower contacts are sharp. 

Level of oxidation low however 

higher than unit below. 

Material composed of boulder to gravel na 17.4 102.4 0.95 1.4 

some sand and silt particle size range. (rain) 

Layer composed of light grey to dark grey 

sulfide bearing shale material 

with minor porphyritic intrusive varieties. 

Waste rock in this layer looks like 

fresh. 

The material is dry, loose with greater 

than 50% of the interparticle voids open. 

Level of oxidation very low 

disturbed and compacted layer (bench top) 
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Samples 
Number Type Interval 

TP9GS1a jar 2.8-0.8 

TP9GS1b bag 2.8-0.8 

TP9GS1c bag 2.8-0.8 

TP9GS1d bag 2.8-0.8 

TP9GS2a jar 0.8-0.5 

TP9GS2b bag 0.8-0.5 

TP9GS2c bag 0.8-0.5 

TP9GS2d bag 0.8-0.5 

TP9GS3a jar 0.65-0.4 

TP9GS3b bag 0.65-0.4 

TP9GS3c bag 0.65-0.4 

TP9GS3d bag 0.65-0.4 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

1.5-0.8 m 

0.8-

surface 

10 p1 

27253.09 N 

25945.29 E 

5360 

Oct.31/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin~ s 
Suction Temp. R.H. Water Conten1 

oc o;o total <318" 

Pit conditions are poor with pit walls 

sloughing material into bottom of the pit. 

Layer consists of highly angular gravel 0.6 0.9 

to silt sized particles with occasional 

boulder sized particles. 

Layer is composed of 85 - 95% sulfide 

bearing shale varieties. 

Shale particles range in color from white 

10YR811 to very dark grey 7.5YRN3/. 

Remainder of the particle types are 

medium grained latite. 

Latite particle surfaces commonly have 

pale yellow 5Y8/4 dusting. 

Other particles show brownish yellow 

10YR7/6 to reddish yellow 7.5YR6/8 

to yellow 1 OYR7/6 stain on particle 

surfaces. 

Stain is restricted to some particle surfaces 

and level of oxidation and weathering 

of the material is low overall. 

Sulfide minerals show various stages of 

oxidation from slight discoloring 

to complete removal of sulfide 

minerals (rare). 

Particles are in an edge to face framework 

or fabric with very little silt matrix 

infilling interparticle voids. 

Material is dry, cool and poorly sorted 

Layer comprised of coarse boulder 

to silt sized particles. 

Material composed of 60-70% laitite and 

other intrusive rock types. 

Remainder of particle types composed of 

shale. 

Material is dry, poorly sorted, loose 

with interparticle voids open. 

Latite particle surfaces commonly have 

pale yellow 5Y8/4 dusting 
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Samples 
Number Type Interval 

TP10GS1a jar 1.5-0.8 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1con't 

0.8-

surface 

con't 

LOG2 

2.4-1.4 m 

10 p2 

27253.09 N 

25945.29 E 

5360 

Oct.31/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inns 
Suction Temp. R.H. Water Conten 

oc 0/o total <318" 

Other particles show brownish yellow 

1 OYR7 /6 to reddish yellow 7 .5YR6/8 

to yellow 10YR7/6 stain on particle 

surfaces. 

Stain is restricted to some particle surfaces 

and level of oxidation and weathering 

low. 

Lower boundary relatively shaped 

marked by grainsize difference. 

similar material as described from na na na 0.5 0.9 

1.5 - 0.8 m LOG 1 

Layer consists of highly angular gravel 

to silt sized particles with occasional 

boulder sized particles. 

Layer is composed of 85 - 95% sulfide 

bearing shale varieties. na na na 2.5 3.3 

Shale particles range in color from white 

1 OYR8/1 to very dark grey 7 .5YRN3/. 

Remainder of the particle types are 

medium grained latite. 

Latite particle surfaces commonly have 

pale yellow 5Y8/4 dusting 

Other particles show brownish yellow 

10YR7/6 to reddish yenow 7.5YR6/8 

to yellow 1 OYR7 /6 stain on particle 

surfaces. 

Stain is restricted to some particle surfaces 

and level of oxidation and weathering 

of the material is low overall. 

Particles are in an edge to face framework 

with very little silt matrix 

infilling interparticle voids. 

Material is dry, cool and poorly sorted 

Pit walls show irregular wetting profile 

from watering operations for dust 

control. 
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Samples 
Number Type Interval 

TP10GS2a jar 2.4-1.4 

TP10GS2b bag 2.4-1.4 

TP10GS2c bag 2.4-1.4 

TP10GS2d bag 2.4-1.4 

TP10GS3a jar 2.4-1.4 

(moist from watering) 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 2 con't 

1.4-

surface 

10 p3 

27253.09 N 

25945.29 E 

5360 

Oct.31/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readinps 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8. 

Layer similar to that described from na na na na na 

0.8- surface LOG1 

Layer comprised of coarse boulc;ter 

to silt sized particles. 

Material composed of 60-70% laitite and 

other intrusive rock types. 

Remainder of particle types composed of 

shale. 

Material is dry, poorly sorted, loose 

with interparticle voids open. 

latite particle surfaces commonly have 

pale yellow SY8/4 dusting 

Other particles show brownish yellow 

10YR7/6 to reddish yellow 7.5YR6/8 

to yellow 1 OYR7/6 stain on particle 

surfaces. 

Stain is restricted to some particle surfaces 

and level of oxidation and weathering 

low. 

Lower boundary relatively sharp 

marked by grainsize difference. 

All beds strike 40° dip 44° SE 

Log 1 located 2.4 m from SW corner of 

pit. Log 2 located 8.4 m from SW corner 

of pit. 
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Samples 
Number Type Interval 

TP10GS4b bag 1.4-0.0 

TP10GS4c bag 1.4-0.0 

TP10GS4d bag 1.4-0.0 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

? - 1.8 m 

1.8-0.8 m 

TP11 pg. 1 

27245.69 N 

26100.32 E 

5360 

Nov.1/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readint s 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Air temp soc, RH 47.6% 

Lithified layer na na na na na 

Unable to excavate material with hydraulic 

excavator. 

Matrix ranges from yellow 1 OYR8/6 

to brownish yellow 1 OYR6/6. 

Material is strongly cemented (lithified) 

Layer composed of highly angular 

clasts or fragments of shale and latite 

rock types in a silt sized cemented matrix. 

Clasts range from gravel to sand sized 

particles with occasional boulder sizes. 

Patches of strong brown 7.5YR5/8 stain 

occur on some particles but is rare overall 

Material is warm, dry, highly cemented, 

anq poorly sorted. 

Some very minor small pinpoint type porosity 

or voids are present in matrix 

and between particles. 

Interparticle void spaces are infilled with 

fine matrix. 

Material ranges from very pale brown 657mba 21 66 0.7 0.8 

10YR7/4 to brown 10YR5/3 with 

occasional streaks of reddish yellow 

7.5YR7/8. 

Material is composed primarily of 

shale with <1 0% latite. 

Layer has sharp contact with cemented 

layer below. 

Material is highly angular, poorly sorted, 

dry, warm with interparticle void 

spaces infilled with fine matrix. 

Material is loose with occasional weak 

cementation of fine particles onto the 

surfaces of larger particles. 

Some fine white salts noticed precipitated 

on particle surfaces. 

Overall level of oxidation is low 

being restricted to the surfaces 

of particles where present. 
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Samples 
Number Type Interval 

TP11GS6a bag ?-1.8 

TP11GS6b bag ?-1.8 

TP11GS6c bag ?-1.8 

TP11GS1a jar 1.8-0.8 

TP11GS1b bag 1.8-0.8 

TP11GS1c bag 1.8-0.8 

TP11GS1d bag 1.8-0.8 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 con't 

0.8-0.5 m 

LOG2 

2.4-2.1 

2.1 - 1.5 

1.5- 1.1 

TP11 pg. 2 

27245.69 N 

26100.32 E 

5360 

Nov.1/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin! s 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Layer is a light reddish brown 5YR6/4 na 25 43.2 0.7 1.1 

color with occasional patches of dusky 

red 2.5YR3/2 to reddish yellow 

7.5YR7/8. 

Particles range from gravel to silt sizes 

with fine matrix infilling all interparticle 

voids. 

Layer is dry, warm, poorly sorted with a 

moderate degree of cementing. 

All particles have a reddish brown stain 

and dusting of fines. 

Degree of oxidation and weathering is high. 

In places sulfide minerals have been 

completely removed from the particle 

surfaces. 

Layer is composed primarily of shale 

varieties with minor amounts of latite. 

Some cementing of finer particles 

to the surfaces of larger particles is 

evident. 

Some particles show advanced degree 

of weathering to clay. 

Matrix contains both fine white and pale 

yellow salt precipitates. 

All beds strike 40° Dip 42° SE 

Very sharp upper and lower contacts 

Unit described 1.8 - 0.8 LOG 1 

Unit described as 0.8 - 0.5 LOG 1 

Layer is a yellow 5Y8/4 color. na na na 0.5 0.8 

Particles range from gravel to silt sizes 

with few boulders. 

Layer is comprised of 90% shale particle 

and 10% intrusive (latite) particle 

types. 

Shale particles have reddish yellow 

7 .5YR6/8 stain on particle surfaces. 
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Samples 
Number Type Interval 

TP11GS2a jar 0.8-0.5 

TP11GS2b bag 0.8-0.5 

TP11GS2c bag 0.8-0.5 

TP11GS2d bag 0.8-0.5 

TP11GS3a jar 1.5-1.1 

TP11GS3b bag 1.5-1.1 

TP11GS3c bag 1.5-1.1 

TP11GS3d bag 1.5-1.1 



Test Pit# TP11 pg. 3 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Location 27245.69 N 

26100.32 E 

Elevation 5360 Whitehall, Montana 
Date Nov.1/94 

Depth Description Readin~ s 
Suction Temp. R.H. Water Conten 

oc o;o total <3/8" 

LOG 2 con't 

1.5- 1.1 Occasional particles have black mineral 

con't on surface of the particles 

(manganese oxide?) 

Larger particles commonly have fine 

particles weakly cemented to particle 

. surfaces. 

Layer has a moderate degree of 

cementing. 

Fine matrix has infilled approx. 90% 

of interparticle void spaces. 

White and yellow colored mineral precipitate 

are found on some particle surfaces. 

Layer is dry, warm, poorly sorted. 

Level of oxidation low to moderate 

in places restricted to particle surfaces 

where present. 

1.1 - 1.0 m Particles range from boulder to gravel 

sized material with little sand and silt. 

Interparticle voids are open. 

Layer composed of latite 50% .and shale 

50% rock types. 

Material is dry, warm, poorly sorted 

Level of oxidation low. 

1.0-0.8 m similar layer as described from 1.5 - 1.1 

on LOG2 

0.8-0.6 m Layer is a reddish yellow 7 .5YR6/8 color na na na 0.6 0.6 

Particles range from gravel to silt sizes 

with few boulders. 

Layer is comprised of 90% shale particle 

and 1 0% intrusive (latite) and 

oxide breccia material. 

Shale particles have reddish yellow 

7.5YR6/8 stain on particle surfaces. 
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Samples 
Number Type Interval 

TP11GS5 jar 0.8-0.6 

TP11GS5 jar 0.8-0.6 

TP11GS5 jar 0.8-0.6 

TP11GS5 bag 0.8-0.6 



Test Pit# TP11 pg. 4 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Location 27245.69 N 

26100.32 E 

Elevation 5360 Whitehall, Montana 
Date Nov.1/94 

Depth Description Read inns 
Suction Temp. R.H. Water Conten 

oc o/o total <3/8" 

LOG 2 con't 

0.8-0.6 m Some particles exhibit dusk red stain on 

con't particle surfaces. 

Larger particles commonly have fine 

particles weakly cemented to particle 

surfaces. 

Layer has a moderate degree of 

cementing. 

Fine matrix has infilled approx. 90% 

of interparticle void spaces. 

White and yellow colored mineral precipitate 

are found on some particle surfaces. 

Layer is dry, warm, poorly sorted. 

Level of oxidation low to moderate 

in places restricted to particle surfaces 

where present. 

Upper and lower contacts sharp. 

0.6- similar layer as described from 1.5 - 1 .1 

surface on LOG 2 
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Samples 
Number Type Interval 



Test Pit# 
Location 

Elevation 
Date 

Depth 

12 pg.1 

5416.81 

Sept. 23/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readint s 
Suction Temp. R.H. Water Conten 

oc o;o total <3/8. 

Description log not available 
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Samples 
Number Type Interval 

TP12GS1a jar 3.2-2.9 

TP12GS1b bag 3.2-2.9 

TP12GS1c bag 3.2-2.9 

TP12GS1d bag 3.2-2.9 

TP12GS2a jar 2.9-2.1 

TP12GS2b bag 2.9-2.1 

TP12GS2c bag 2.9-2.1 

TP12GS2d bag 2.9-2.1 

TP12GS3a jar 2.1-1.8 

TP12GS3b bag 2.1-1.8 

TP12GS3c bag 2.1-1.8 

TP12G53d bag 2.1-1.8 

TP12GS4a jar 1.8-1.7 

TP12GS4b bag 1.8-1.7 

TP12GS4c bag 1.8-1.7 

TP12GS4d bag 1.8-1.7 

TP12GS5a jar 1.7-0.8 

TP12GS5b bag 1.7-0.8 

TP12GS5c bag 1.7-0.8 

TP12GS5d bag 1.7-0.8 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

2.5- 1.4 m 

1.4-0.5 m 

0.5-

surface 

13 pg. 1 

27244.44 N 

26318.16E 

5359.95 

Nov. 4/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readim1s 
Suction Temp. R.H. Water Conten 

oc o;o total <3/8" 

Layer composed primarily of boulder and na 4 96 0.7 na 

gravel sized particles with some 

sand and silt sized material. 

Material is composed of highly angular 

shale with <1 0% latite rock types. 

Particles have an edge to face fabric 

with interparticle voids open. 

Layer is cool, moist, poorly sorted, 

loose and unstable 

Particles have some reddish yellow 

stain on particle surfaces. 

Particles are unaltered overall 

showing a very low level of oxidation and 

weathering. 

Some fine white salts are visible on 

particle surfaces. 

Moisture in pit seems to be a result 

of watering and dust control efforts. 

Layer comprised primarily of gravel to na 4.2 93 2.3 2.5 

silt sized material with occasional 

boulders. 

Material ranges from reddish yellow 

7.5YR7/8 to dark yellowish brown 

1 OYR4/6 (moist). 

Material composed primarily of shale 85%+ 

shale with some latite and other intrusive 

varieties. 

All particle covered with a reddish yellow 

to yellowish brown stain and/or 

dusting of fines. 

Level of oxidation low to moderate being 

restricted to particle surfaces. 

Material is loose, poorly sorted, 

moist and cool with interparticle voids 

only partly infilled with fine matrix. 

Disturbed bench surface layer. 
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Samples 
Number Type Interval 

TP13GS1a jar 2.5-1.4 

TP13GS1b bag 2.5-1.4 

TP13GS1c bag 2.5-1.4 

TP13GS1d bag 2.5-1.4 

TP13GS1a jar 1.4-0.5 

TP13GS1b bag 1.4-0.5 

TP13GS1c bag 1.4-0.5 

TP13GS1d bag 1.4-o.5 



Test Pit# 13 pg. 2 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Location 27244.44 N 

26318.16 E 

Elevation 5359.95 Whitehall, Montana 
Date Nov. 4/94 

Depth Description Read inns 
Suction Temp. R.H. Water Conten 

oc OJo total <3/8" 

LOG2 

1.7- 1.4 m Layer described from 1.4 - 0.5 LOG 1 

1.4-0.8 m Coarse boulder and gravel material na 4 95 na na 

with some sand and silt sized particles. 

Material is composed primarily of 

80 - 90% laitite with some shale varieties. 

Latite particles commonly have light 

pale yellow 2.5Y8/4 color on surface 

with zones of reddish yellow 7 .5YR6/8 

stain on surface. 

Some stain appears to occur along 

previous joint or fracture surfaces. 

Level of oxidation low overall being 

restricted to particle surfaces where 

present. 

Material is cool, poorly sorted, with 

interparticle voids open. 

0.8-0.4 m Material composed primarily of coarse na na na 1.7 2.2 

gravel to sand sized particles with some 

sand and silt. 

Material is composed of highly angular 

shale with <10% latite rock types. 

Particles have an edge to face fabric 

with most interparticle voids > 75% open. 

Layer is cool, moist, poorly sorted, 

loose and unstable. 

Particles have some reddish yellow 

stain on particle surfaces otherwise 

shake has light to dark grey color 

Particles are unaltered overall 

showing a very low level of oxidation and 

weathering. 

all beds strike 1 oo dip 43° E 

0.4-

surface disturbed bench surface layer 

LOG1 8.1 m from NW edge 

LOG2 1 0.4 m from NW edge 
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Samples 
Number Type Interval 

TP13GS3b bag 1.4-0.8 

TP13GS3c bag 1.4-0.8 

TP13GS3d bag 1.4-0.8 

TP13GS4a jar 0.8-0.4 

TP13GS4b bag 0.8-0.4 

TP13GS4c bag 0.8-0.4 

TP13GS4d bag 0.8-0.4 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

2.1 -1.6 m 

1.6- 1.45 

1.45- 1.1 m 

14 pg. 1 

25595.23 N 

26468.08 E 

5359.5 

Nov. 5/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readinqs 
Suction Temp. R.H. Water Conten 

oc 0/o total <318" 

Air temp 3.3° C, RH 46.6% 

Layer composed of boulders to silt na 3.3 103.3 2.9 5.2 

sized particles. 

Layer is dark yellowish brown 1 OYR4/4 

color. 

Silt matrix infills all interparticle voids. 

Layer composed of shale particle types. 

Material is loose, poorly sorted, moist, 

cool. 

Moisture in layer most likely a result of 

dust control efforts. 

Level of oxidation is low overall restricted 

to particle surfaces where present. 

Upper contact is very sharp marked by 

a thin yellowish red 5YR5/8 to reddish 

yellow 7.5YR6/8 layer 

Material is composed primarily of shale 

particle types with minor intrusive 

varieties. 

Layer strike 170° dip 40° NE 

Layer composed of gravel to silt sized na na na 4.3 6.2 

particles. 

Interparticle voids infilled with fine silt 

matrix. 

Material is an olive 5Y5/4 color. 

Material is moderately Consolidated, 

moist, poorly sorted. 

Low to moderate degree of weathering, 

and oxidation. 

Relatively unaltered fine grained, pyrite 

crystals or grains found in the matrix. 

Moisture in layer most likely the 

result of dust control watering. 

Layer composed of boulder to silt sized na na na 2.1 3.3 

particles. 

Fine matrix infills interparticle voids. 

Layer is a yellowish brown 1 OYR4/4 

with yellowish red and reddish yellow 

mottling of both particle surfaces and 

matrix. 
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Samples 
Number Type Interval 

TP14GS1a jar 2.1-1.6 

TP14GS1b bag 2.1-1.6 

TP14GS1c bag 2.1-1.6 

TP14GS1d bag 2.1-1.6 

TP14GS2a jar 1.6-1.45 

TP14GS2b bag 1.6-1.45 

TP14GS2c bag 1.6-1.45 

TP14GS2d bag 1.6-1.45 

TP14GS3a jar 1.45-1.1 

TP14GS3b bag 1.45-1.1 

TP14GS3c bag 1.45-1.1 

TP14GS3d bag 1.45-1.1 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 con't 

1.45- 1.1 m 

1.1 - 0.4 m 

0.4-

surface 

14 pg. 2 

25595.23 N 

26468.08 E 

5359.5 

Nov. 5/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

ReadinHS 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Upper contact is sharp but irregular. 

Material is loose, poorly sorted, moist, 

cool. 

Fine pyrite grains or pyrite crystals 

found in matrix. 

Level of oxidation and weathering 

moderate. 

Layer contains boulders to silt na na na 2.8 6.3 

sized particles with fine matrix infilling 

interparticle voids. 

Material is yellowish red to reddish 

yellow which grades into 

a strong brown color near the top of 

the layer. 

Material is composed of both shale 

and latite particle types in approximately 

equal amounts. 

Layer is moist, poorly sorted and cool. 

Level of oxidation and weathering 

is moderate. 

Moisture likely a result of dust control 

efforts. 

disturbed bench top layer 
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Samples 
Number Type Interval 

TP14GS4a jar 1.1-0.4 

TP14GS4b bag 1.1-0.4 

TP14GS4c bag 1.1-0.4 

TP14GS4d bag 1.1-0.4 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

1.5-0.5 m 

0.5-

surface 

15 pg. 1 

26844.68 N 

26461.46 E 

5363.06 

Nov. 7/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inns 
Suction Temp. R.H. Water Conten 

oc o;o total <3t8· 

Air temp. 1.2°C, RH 45.7% 

Pale yellow 5Y8/4 color of 14 99.6 3.1 9.1 

matrix and particle surfaces with some 

particle surfaces containing dark dusky 

red surface. 

Material composed of boulders to silt 

sized particle sizes with interparticle 

voids open. 

Layer composed of equal amounts of shale 

and intrusive varieties (both latite 

and lamprophyre intrusive types}. 

Some small latite particles breaking down 

producing a sandy matrix of feldspar 

grains. 

Level of oxidation and weathering 

moderate to high. 

Some particle surfaces have a reddish 

yellow 7.5YA6/8 and strong brown 

7 .5YR5/8 stain. 

Material is warm, moist, poorly sorted 

Layer composed of gravel to silt sized 38m bar 19.8 103.2 6.1 10.7 

particles with occasional boulders 

infilled with fine matrix. 

Material is a strong brown 7.5YR5/8 

color with some particles having a 

very dusky red 10R2.5/2 color. 

Interparticle void spaces are infilled with 

fine matrix. 

Layer is moist, warm, poorly sorted. 

Layer composed primarily of shale 

particle types with minor igneous varieties. 

Level of oxidation and weathering 

moderate to high. 

Oxidation of some particles extends below 

the particle surfaces. 

Some shale varieties (primarily white 

colored 1 OYR8/1) have weathered to clay. 

Significant breakdown of some particles is 

occurring. 

In places matrix contains a pale yellowish 

clay (5Y8/4) which is soft, moist and 

plastic. 
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Samples 
Number Type Interval 

TP15GS1 jar 1.5-0.5 

TP15GS1 bag 1.5-0.5 

TP15GS1 bag 1.5-0.5 

TP15GS1 bag 1.5-0.5 

TP15GS2 jar 0.5-0.0 

TP15GS2 bag 0.5-0.0 

TP15GS2 bag 0.5-0.0 

TP15GS2 bag 0.5-0.0 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

0.5-

surface 

can't 

LOG2 

2.4- 1.9 m 

1.9- 1.4 m 

1.4- 1.3 

15 pg. 2 

26844.68 N 

26461.46 E 

5363.06 

Nov. 7/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readinns 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Strong brown to dusky red salts visible 

on particle surfaces. 

Layer is weakly cemented. 

Fine particles weakly cemented to particle 

surfaces. 

Layer 0.5 - surface LOG 1 

Layer composed of coarse boulder to 

gravel sized particles with little sand and 

silt. 

Interparticle voids are open. 

Material has a pale yellow 5Y8/4 stain 

or dusting on particle surfaces. 

Upper and lower contacts are sharp 

marked by an increase in fines. 

Layer is moist, warm, poorly sorted 

with some venting of warm moist air. 

Layer composed of equal amounts of 

coarse latite and shale varieties. 

Some particle surfaces have reddish 

yellow 7 .5YR6/8 and strong brown 

7.5YR5/8 color. 

Light yellow and grey colored clay present 

Latite particles appear to be relatively 

unaltered with some discoloration of 

feldspar phenocrysts noted. 

Some fine white salts precipitated on 

particle surfaces. 

Similar material as 0.5-surface log 1 

Layer composed of gravel to silt sized 

particles with occasional boulders. 

infilled with fine matrix. 

Material is a strong brown 7 .5YR5/8 

color with some particles having a 

very dusky red 1 OR2.5/2 color. 

Interparticle void spaces are infilled with 

fine matrix. 

Layer is moist, warm, poorly sorted. 

Layer composed primarily of shale 
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Samples 
Number Type Interval 



Test Pit# 15 p_g. 3 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Location 26844.68 N 

26461.46 E 

Elevation 5363.06 Whitehall, Montana 
Date Nov. 7/94 

Depth Description Readin! s 
Suction Temp. R.H. Water Conten 

oc 0/o total <318" 

1.4- 1.3 particle types with minor igneous varieties. 

con't Level of oxidation and weathering 

moderate to high. 

Oxidation of some particles extends below 

the particle surfaces. 

Some shale varieties (primarily white 

colored 1 OYR8/1) have weathered to clay. 

Significant breakdown of some particles is 

occurring. 

In places matrix contains a pale yellowish 

clay (5Y8/4) which is soft, moist and 

plastic. 

Strong brown to dusky red salts visible 

on particle surfaces. 

Layer is weakly cemented with fine 

particles weakly cemented to particle 

surfaces. 

Surface between this layer and the one 

above appears to represent a previous 

dump surface with 

relatively fresh waste rock placed 

placed on top 

1.3-0.3 Highly angular boulder to sand sized na na na 1.7 5.0 

material with little silt. 

Material consists of light to dark grey 

shale particle. 

Little to no oxidation. 

Material is moist, cool and poorly sorted. 

Interparticle void spaces are open. 

0.3-

surface disturbed bench top surface 
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Samples 
Number Type Interval 

TP15GS4a jar 1.3-0.3 

TP15GS4b bag 1.3-0.3 

TP15GS4c bag 1.3-0.3 

TP15GS4d bag 1.3-0.3 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

2.6-1.4 m 

1.4-0.9 m 

16 pg. 1 

27035.52 N 

26477.11 E 

5366.26 

Nov. 8/95 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin~ s 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Air temp-3.1 o C, RH 47.5% 

Material composed primarily of boulder na 31.7 52.6 na na 

to gravel sized particles 

with minor amounts of sand and silt sized 

particles. 

Material is composed of 80% latite 20% 

shale rock types. 

Interparticle voids are open with minor 

infilling of fine silt matrix. 

Matrix and particles has a pale yellow 

SY8/4 color. Some particle 

surfaces have reddish yellow 7 .SYR6/8 

color. 

Level of oxidation low overall. 

Layer is warm, dry, poorly sorted 

with noticeable air flow venting through 

interparticle void spaces. 

All layers strike 60° dip 42°SE 

Unit is composed of boulders and gravel na 28.9 52.6 0.4 0.7 

sized material grading upwards into a 

fine sand with some silt near the 

top of the layer. 

Layer is a pale yellow SY8/4 to green 

SG7/2 color. 

Some particles have a ·yellowish brown 

1 OYR5/4 stain. 

Unit is dry, loose and warm. 

Material composed of 60% shale 

40% latite rock types. 

Some fine white salts observed 

on particle surfaces. 

Lower portion of layer has open 

interparticles void spaces. 

Upper half of the layer interparticle void 

spaces are infilled with fine matrix. 

Some hard black secondary mineral on 

some particle surfaces. 
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Samples 
Number Type Interval 

TP16GS1b bag 2.6-1.4 

TP16GS1c bag 2.6-1.4 

TP16GS1d bag 2.6-1.4 

TP16GS2a jar 1.4-0.9 

TP16GS2b bag 1.4-0.9 

TP16GS2c bag 1.4-0.9 

TP16GS2d bag 1.4-0.9 



Test Pit# 
Location 

Elevation 
Date 

Depth 

0.9-0.1 

0.1 -

surface 

LOG2 

2.4-2.0 

2.0-0.9 

0.9-

surface 

16 pg. 2 

27035.52 N 

26477.11 E 

5366.26 

Nov. 8/95 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin~ s 
Suction Temp. R.H. Water Conten 

oc 0/o total <318" 

Layer consists of small boulders to gravel na na na 0.3 0.5 

with minor sand and silt fining upwards 

to gravel to silt material at the top of the 

layer. 

Layer composed of 80 - 90% sh~le 

particles with the remainder latite. 

Interparticle voids are open at the bottom 

of the layer and are infilled with fine 

matrix near the top. 

Material is loose and dry. 

Layer is a reddish yellow 7 .5YA6/8 color 

Level of oxidation is low overall 

being restricted to particle surfaces 

where present. 

Some fine white and pale green salts 

visible on particle surfaces. 

Disturbed bench top surface 

Unit described 0.9 - 0.1 LOG 1 

Layer composed primarily of boulder and na 27.1 64.1 na na 
gravel sized particles. 

Material composed of latite particle types. 

Interparticle voids are open with minor 

infilling of fine silt matrix. 

Matrix and particles has a pale yellow 

5Y8/4 color. Some particle na na na 0.8 1.9 

surfaces have reddish yellow 7.5YA6/8 

color. 

Level of oxidation low overall. 

Layer is warm, dry, poorly sorted 

Thin (10 em) layer of reddish yellow layer 

of fine sand and silt with gravel sized 

particles divides this layer. 

Upper half of unit is the same however 

large boulders less common 

Disturbed bench top, oxidized, compact. 
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Samples 
Number Type Interval 

TP16GS3 jar 0.9-0.1 

TP16GS3 bag 0.9-0.1 

TP16G53 bag 0.9-0.1 

TP16GS3 bag 0.9-0.1 

TP16GS4b bag 2.0-1.4 

TP16GS4c bag 2.0-1.4 

TP16GS4d bag 2.0-1.4 

TP16GS5a jar 1.4-0.9 

TP16GS5b bag 1.4-0.9 

TP16GS5c bag 1.4-0.9 

TP16GS5d bag 1.4-0.9 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG3 

1.9- 1.4 

1.4-0.9 m 

0.9-0.4 m 

0.4-

surface 

16 pg. 3 

27035.52 N 

264n.11 E 

5366.26 

Nov. 8/95 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inns 
Suction Temp. R.H. Water Conten 

oc 0/o total <318" 

Layer described from 2.0 - 0.9 LOG 2 

Material composed of gravel to silt na na na 0.6 1.1 

sized particles with interparticle void 

spaces infilled with fine matrix. 

Layer composed of 60% shale and 40% 

laitite particle types. 

Unit is dry, warm, loose, very weakly 

cemented and poorly sorted. 

Layer is a pale yellow brown 10YR7/4 

color. 

Level of oxidation is low restricted to 

particle surfaces where present (showing 

discolored reddish yellow to strong brown 

halo around sulfide grains). 

Similar layer as below. NA na na 0.9 1.5 

Material composed of gravel to silt 

sized particles with occasional boulders 

interparticle void spaces infilled with 

fine matrix. 

Layer is a reddish yellow 7.5YR6/8 color. 

Layer composed of 60% shale and 40% 

laitite particle types. 

Unit is dry, loose, very weakly 

cemented and poorly sorted. 

Level of oxidation low overall 

red disturbed bench top layer, oxidized, 

compacted. 

Note: 

Test pit 16 vented into cold air for 

several days after opening. 

Warm moist air transported primarily 

through coarse layers. 
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Samples 
Number Type Interval 

TP16GS6a jar 1.4-0.9 

TP16GS6b bag 1.4-0.9 

TP16GS6c bag 1.4-0.9 

TP16GS6d bag 1.4-0.9 

TP16GS7a jar 0.9-0.4 

TP16GS7b bag 0.9-0.4 

TP16GS7c bag 0.9-0.4 

TP16GS7d bag 0.9-0.4 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

2.7-1.7 m 

1.7-1.3 

17 pg.1 

27 280 N 

26 520 E 

5358 

Nov. 8/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readint s 
Suction Temp. R.H. Water Conten 

oc o;o total <318" 

Layer consists of boulders to sand na 10.5 96 1.2 1.9 

little silt. 

Material composed of 60% latite and 40% 

shale particle types. 

Interparticle void spaces open (up to 5 em). 

Latite particles range from grey to pale 

yellow 5Y8/4 while shale particles 

range from grey to brownish yellow 

10YA6/8. 

Overall level of oxidation is low restricted 

to particle surfaces where present. 

Some yellow colored clay found 

in some interparticle voids. 

Weathering of particles moderate with 

loose feldspar grains contributing to matrix 

from the breakdown of latite particles. 

Some latite particle have dark grey 

surface which appears to be fine 

grained to aphanitic sulfide mineralization. 

Upper contact is sharp. 

Layer is a light pale green 5GY7/1 color na na na 4.0 7.1 

with mottled yellowish brown patches 

grading into a yellowish brown color 

(10YR5/8) with pale green mottling 

at the top of the unit. 

Material is primarily gravel to sand sized 

particles with occasional boulders. 

All interparticle voids have been 

infilled with fines. 

Level of oxidation is low to moderate. 

Matrix has sand sized feldspar 

and pyrite grains in the matrix as a result 

of the weathering and breakdown of latite 

and shale particles. 

Layer overall contains 60% to 40% 

latite particles with the remainder being 

shale. 

Page A-39 

Samples 
Number Type Interval 

TP17GS1a jar 2.7-1.7 

TP17GS1b bag 2.7-1.7 

TP17GS1c bag 2.7-1.7 

TP17GS1d bag 2.7-1.7 

TP17GS2a jar 1.7-1.3 

TP17GS2b bag 1.7-1.3 

TP17GS2c bag 1.7-1.3 

TP17GS2d bag 1.7-1.3 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 con't 

1.7- 1.3 m 

con't 

1.31.15 m 

1.15-0.9 m 

0.9-

surface 

17 pg.2 

27 280 N 

26 520 E 

5358 

Nov. 8/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin! s 
Suction Temp. A. H. Water Conten 

oc 0/o total <3/8" 

Fine white and blue colored salts visible on 

particle surfaces 

Gravel and sand material with little silt. na na na 1.6 3.0 

Layer composed of both latite and 

shale particle types in equal amounts. 

Interparticle voids are open. 

Material is a reddish yellow 7 .5YR6/8 

to yellowish brown 10YR5/8 color. 

Some breakdown of latite particles 

is evident. 

Layer is slightly moist, weakly cemented, 

loosely compacted and poorly sorted. 

Fine white salts are visible on particle 

surfaces. 

Layer is a dark yellowish brown na na na 3.7 4.9 

10YR4/6. 

Layer composed of 70%shale, 30% latite. 

Material is primarily gravel to sand sized 

particles with occasional boulders. 

All interparticle voids have been 

infilled with fines. 

Level of oxidation is low to moderate. 

Matrix has sand sized feldspar 

and pyrite grains in the matrix as a result 

of the weathering and breakdown of latite 

and shale particles. 

Layer is cool, moist, poorly sorted 

Layer composed of boulder to sand sized na na na 2.6 4.1 

particles, some silt. 

Material composed primarily of highly 

black to grey colored shale 

with minor ( 30%) latite and intrusive varieties. 

Interparticle voids open. 

Level of oxidation low to moderate overall 

Pyrite grains visible in the matrix. 

One rock type (<5%) highly weathered 

to a dusk red colored particle which 
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Samples 
Number Type Interval 

TP17GS3a jar 1.3-1.15 

TP17GS3b bag 1.3-1.15 

TP17GS3c bag 1.3-1.15 

TP17GS3d bag 1.3-1.15 

TP17GS4a jar 1.15-0.9 

TP17GS4b bag 1.15-0.9 

TP17GS4c bag 1.15-0.9 

TP17GS4d bag 1.15-0.9 

TP17GS5a jar 0.9-0.0 

TP17GS5b bag 0.9-0.0 

TP17GS5c bag 0.9-0.0 

TP17GS5d bag 0.9-0.0 



Test Pit# 
Location 

Elevation 
Date 

Depth 

0.9-

surface 

con't. 

17 pg. 3 

27 280 N 

26 520 E 

5358 

Nov. 8/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin~'S 
Suction Temp. R.H. Water Conten1 

oc 0/o total <3/8" 

breaks apart easily. 

Material is slightly moist, cool, poorly sorted. 

Moisture most likely the result of dust 

control efforts. 

Upper Scm of log represents disturbed 

bench top surface. 
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Sam~les 
Number Type Interval 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

2.3-1.9 m 

1.9-1.7 m 

18 pg. 1 

27 280 N 

26 740 E 

5355 

Nov. 8/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin1 s 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Air temp soc 
Layer is composed of boulders to silt na 14.7 na 2 2.5 

sized particles. (poor) 

Material is composed primarily >85% 

of latite rock types. 

Interparticle voids are infilled with 

fine matrix. 

Layer is a pale olive 5Y6/3 to pale yellow 

5Y7/3 color. 

Occasional areas if reddish yellow 

7 .5YR6/8 color on some particle surfaces 

and matrix. 

Layer is dry, warm and poorly sorted. 

Some latite particle appear to be breaking 

down due to weathering. 

Level of oxidation is low overall restricted 

to particle surfaces where present. 

Upper contact is sharp 

All beds strike 60°, dip 41 o SE 

Layer is composed primarily of gravel to na 25.2 na 2 2.9 

silt sized particles with occasional 

boulders. 

Material is a strong brown 7.5YR5/8 

and composed primarily >85% of shale 

particle types. 

Layer is dry, loose, weakly cemented and 

poorly sorted. 

Interparticle voids are infilled with fine 

matrix. 

Level of oxidation and weathering is 

moderate. 

Some particles are a dusky red color. 

Upper and tower contacts are sharp 

marked by a thin layer of red to 

dusky red colored material of the 

same composition as the rest of the 

layer. 

Fine white salts visible on particle surfaces 

Some smaller particles weakly cemented to 

larger particle surfaces. 

Weathering has resulted in some 

breakdown of tatite and shale particles. 
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Samples 
Number Type Interval 

TP18GS1a jar 2.3-1.9 

TP18GS1b bag 2.3-1.9 

TP18GS1c bag 2.3-1.9 

TP18GS1d bag 2.3-1.9 

TP18GS2 jar 1.9-1.7 

TP18GS2 bag 1.9-1.7 

TP18GS2 bag 1.9-1.7 

TP18GS2 bag 1.9-1.7 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 con't 

1.7- 1.5 m 

1.5-1.2 m 

18 pg. 2 

27 280 N 

26 740 E 

5355 

Nov. 8/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readim s 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Rock particles are primarily gravel to silt na na na 1.5 1.8 

sized with occasional boulders. 

Layer is a light reddish grey 5YR 6/3 

to reddish grey 5YR5/2 color. 

Layer composed primarily of shale 

particle types with minor amounts (10%) of 

latite particle types. 

Interparticle void spaces are infilled with 

fine matrix. 

Layer is warm , dry, poorly sorted 

Level of oxidation is moderate. 

Pyrite in the matrix (<10%). 

Upper and lower contacts are sharp 

Layer is weakly cemented with small 

weakly cemented to the surface of 

larger particles. 

Primarily gravel to silt sized particles na na na 1.6 2.7 

with occasional boulders. 

Layer is composed primarily of intrusive 

rock types. (some varieties or phases other 

than latite) with some shale (20%) 

Reddish yellow to dusky red color can 

be found on particle surfaces where 

disseminated pyrite grains are exposed. 

Matrix is primarily reddish yellow color 

Interparticle voids are infilled with fine 

matrix. 

Layer is loose, dry, poorly sorted, slightly 

warm, weakly cemented. 

Level of oxidation and weathering is 

moderate to high in places. 

Some particle clasts have completely 

broken down to fine matrix. 
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Samples 
Number Type Interval 

TP18GS3a jar 1.7-1.5 

TP18GS3b bag 1.7-1.5 

TP18GS3c bag 1.7-1.5 

TP18GS3d bag 1.7-1.5 

TP18GS4a jar 1.5-1.2 

TP18GS4b bag 1.5-1.2 

TP18GS4c bag 1.5-1.2 

TP18GS4d bag 1.5-1.2 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1con't 

1.2- 1.1 m 

1.1 - 0.8 m 

0.8-0.7 m 

18 pg. 3 

27 280 N 

26 740 E 

5355 

Nov. 8/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

ReadintJS 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Layer is composed of boulders to silt na na na 2.0 2.7 

sized particles. 

Material is a pale yellow 5Y7/3 to pale olive 

5Y6/2 color. 

Layer is composed primarily of latite rock 

types (95%) with minor shale particle 

types. 

Interparticle void spaces infilled 

with fine matrix. 

Level of oxidation is low to moderate 

Level of weathering moderate to high in 

some particles. 

Some reddish yellow to dusky red stain 

on particle surfaces where disseminated 

pyrite grains are exposed. 

Remainder of particle surfaces have 

a pale yellow dusting. 

Layer is dry, slightly warm, poorly sorted 

loose and weakly cemented. 

Breakdown of latite contributing feldspar 

crystals to the matrix. 

Layer composed predominantly of gravel na na na 2.0 3.0 

to silt sized particles with occasional 

boulders. 

Material is composed predominantly of 

shale particle types. 

Layer is a reddish yellow 7.5YR7/8 

to yellowish red 5YR5/8 

Red to dusky red stain on some particle 

surfaces. 

Level of oxidation is low to moderate overall 

Layer is dry, loose to weakly cemented, 

and slightly warm. 

Layer has sharp contacts above and 

below. 

Layer composed primarily of gravel to na na na 2.0 2.2 

to silt sized material with occasional 

boulders. 
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Samples 
Number Type Interval 

TP18GS5a jar 1.2-1.1 

TP18GS5b bag 1.2-1.1 

TP18GS5c bag 1.2-1.1 

TP18GS5d bag 1.2-1.1 

TP18GS6a jar 1.1-0.8 

TP18GS6b bag 1.1-0.8 

TP18GS6c bag 1.1-0.8 

TP18GS6d bag 1.1-0.8 

TP18GS7a jar 0.8-0.7 

TP18GS7b bag 0.8-0.7 

TP18GS7c bag 0.8-0.7 

TP18GS7d bag 0.8-0.7 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 con't 

0.8-0.7 m 

con't 

0.7-

surface 

18 p_g_. 4 

27 280 N 

26 740 E 

5355 

Nov. 8/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin~~s 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Matrix is primarily a yellowish red 5YR6/8 

to red 2.5YR4/8 color. 

Material is composed of shale particle . 

types minor intrusive varieties (<10%). 

Many of the shale particles have a red, 

dark red to dusky red stain on the particle 

surfaces and occasional areas within 

the matrix. 

Some particles (20%) have pale yellow 

stain. 

All interparticle void spaces are infilled with 

fine matrix. 

Level of oxidation moderate to high in 

places. 

Layer is loose, dry, poorly sorted and 

slightly warm. 

Disturbed bench top surface layer 
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Samples 
Number Type Interval 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

2.3-1.1 m 

1.1-0.7m 

0.7-0.2m 

19 pg. 1 

26 940 N 

25 930 E 

5366 

Nov. 9/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inns 
Suction Temp. R.H. Water Conten 

oc o/o total <3/8" 

Layer is composed of gravel to sand sized na na na 0.7 1.1 

particles, little silt. 

Coarse boulder layer between 1.8 - 1.6 

with gravel to sand sized matrix. 

Layer is composed of highly angular shale 

particles. 

Particles have a pale yellow 5Y8/4 to 

yellowish brown 1 OYR5/6 dusting 

or coating on particles. 

Material is dry, poorly sorted, loose with 

little matrix infilling interparticle void spaces. 

Level of oxidation and weathering is low 

overall. 

All beds strike 1 ooo, dip 40°SW 

Pit ~hows irregular moisture profile 

as a result of watering. 

Composed of coarse gravel to small 

boulder sized particles. 

Material same composition and weathering 

as below. 

Layer is composed of highly angular shale 

particles. 

Particles have a pale yellow 5Y8/4 to 

yellowish brown 1 OYR5/6 dusting 

or coating on particles. 

Material is dry, poorly sorted, loose with 

little matrix infilling interparticle void spaces. 

Level of oxidation and weathering is low 

overall. 

Layer is composed of coarse gravel to na 14.9 na na na 

boulder sized particles 

little sand and silt. 

Layer is composed of intrusive (75%) 

and shale (25%) particle types. 

Interparticle voids are open. 

Some intrusive rock types (latite and 

lamprophyre) show extensive weathering 

Some particles contribute feldspar grains 

to matrix. 
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Samples 
Number Type Interval 

TP19GS1a jar 2.3-1.1 

TP19GS1b bag 2.3-1.1 

TP19GS1c bag 2.3-1.1 

TP19GS1d bag 2.3-1.1 

TP19GS2a bag 0.7-0.2 

TP19GS2b bag 0.7-0.2 

TP19GS2c bag 0.7-0.2 



Test Pit# 
Location 

Elevation 
Date 

Depth 

0.7-0.2 m 

0.2-

surface 

19~2 

26 940 N 

25 930 E 

5366 

Nov. 9/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inns 
Suction Temp. R.H. Water Conten1 

oc 0/o total <3/8" 

Other particles have little alteration. 

Royal blue fine salt crystals precipitated 

on particle surfaces. 

Some particles have a pale yellow to 

yellowish brown stain on some particle 

surfaces. 

Layer is dry (where not influenced by 

watering), loose, poorly sorted. 

Disturbed bench top layer. 
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Samples 
Number Type Interval 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

1.6- 1.2 m 

1.2-0.3 m 

LOG2 

2.2-1.1 m 

20 pg. 1 

26 690 N 

25 930 E 

5366 

Nov.9/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inns 
Suction Temp. R.H. Water Conten 

oc o;o total <3/8" 

Layers composed of gravel to silt sized na na na 0.8 1.2 

particles with 1 0% boulders. 

Interparticle spaces are infilled with 

fine matrix. 

Layer is composed primarily of shale 

particle types with 1 0-29% laitite 

or intrusive particle types. 

Matrix and coatings on particles are 

primarily a brownish yellow 1 OYR6/8. 

Some particles are a dark brown to 

very dusky red 10R2.5/2 color and 

may be oxide cap material. 

Material is cool, dry, poorly sorted and 

weakly cemented. 

Some black colored fine salt precipitate 

on some particle surfaces. 

Level of oxidation low to moderate. 

All beds strike 20°, dip 39°ESE 

Layer composed of coarse boulders and na 13 na 0.5 2.0 

gravel with little silt and sand. 

Composed of equal amounts of latite and 

shale particle types. 

Large open interparticle void spaces 

Some particles have a pale yellowish 

dusting on the surface. 

Some shale particles showing breakdown 

to clay and some latite particles are 

weathering contributing feldspar grains 

to the matrix. 

Level of oxidation is low. 

Level of weathering is moderate. 

Layer is dry, poorly sorted, with an edge 

to face particle framework. 

Some royal blue and black precipitate 

on particle surfaces. 

Layer described from 1.2 - 0.3 m LOG 1 
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Samples 
Number Type Interval 

TP20GS1 jar 1.6-1.2 

TP20GS1 bag 1.6-1.2 

TP20GS1 bag 1.6-1.2 

TP20GS1 bag 1.6-1.2 

TP20GS2 jar 1.2-0.3 

TP20GS2 bag 1.2-0.3 

TP20GS2 bag 1.2-0.3 

TP20GS2 bag 1.2-0.3 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 2 con't 

1.1-0.6 m 

20 pg. 2 

Nov.9/94 

Description 

Department of Civil Engineering 
University of Saskatch~wan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin~ s 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Layer is composed of gravel to silt sized na na na na na 

particles with occasional boulders. 

Material is composed primarily of shale 

>90% with little intrusive varieties 

Layer is a dark brown to brown 

7.5YR4/4 color (moist). 

Material is moist as a result of watering. 

Layer is moist, cool, with some sorting of 

material of finer material into bands. 

Some interparticle void spaces 

remain around gravel sized particles 

but majority of interparticle spaces are 

infilled with fine matrix. 

Fine pyrite grains visible in matrix. 

Layer is loose to weakly cemented. 

Level of oxidation low overall. 

Log 1 located 4.0 m from NW corner of pit 

Log 2 located 7.8 m from NW corner of pit 

Page A-49 

Samples 
Number Type Interval 

TP20GS3 bag 1.1-1.6 

TP20GS3 bag 1.1-1.6 

TP20GS3 bag 1.1-1.6 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

1.9 • 1.3 m 

1.3 • 0.9 m 

0.9. 0.4 

21 pg. 1 

26 520 N 

25 930 E 

5367 

Nov.10/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readint s 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Air temp +8.5 oc 
Pit has irregular wetting profile as a result 

of watering. 

Layer is composed of gravel to silt sized na na na 0.7 0.8 

particles with occasional boulders. 

Layer is a light reddish brown 5YR6/4 to 

reddish yellow 5YR6/8 color. 

Layer is composed of 60% shale and 

40% intrusive rock types. 

Unit is loose, dry, poorly sorted and 

weakly cemented. 

Level of oxidation overall appears low 

being restricted to particle surfaces where 

present 

Some particle surfaces are a dusky red 

color. 

Some fine yellow salts and clay are visible 

but are not common. 

All beds strike 60°, dip 39°SE 

Layer is composed of gravel to silt sized na na na 0.5 0.6 

particles. 

Layer is a light grey2.5Y7/2 color 

composed of shale 60% and intrusive 40% 

rock types. 

Interparticle voids are infilled with fine 

matrix. 

Some sorting is visible where thin bands of 

gravel with little silt are present. 

Material is poorly sorted. 

Material is loose, dry, poorly sorted. 

Lower boundary is sharp marked by a 

color change from reddish yellow below 

to grey above. 

Level of oxidation is low overall. 

Layer is composed of coarse boulder to na 14 na 0.2 0.3 

gravel sized particles with little sand and 

silt. 

Layer is loose, dry, poorly sorted 

slightly warm, with an edge to face 

framework of particles. 
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Samples 
Number Type Interval 

TP21GS1a jar 1.9-1.3 

TP21GS1b bag 1.9-1.3 

TP21GS1c bag 1.9-1.3 

TP21GS1d bag 1.9·1.3 

TP21GS2a jar 1.3-0.9 

TP21GS2b bag 1.3·0.9 

TP21GS2c bag 1.3·0.9 

TP21GS2d bag 1.3-0.9 

TP21GS3 jar 0.9-0.4 

TP21GS3 bag 0.9-0.4 

TP21GS3 bag 0.9-0.4 

TP21GS3 bag 0.9·0.4 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 con't 

0.9-0.4 m 

con't 

0.4-

surface 

21 pg. 1 

26 520 N 

25 930 E 

5367 

Nov.10/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin~ s 
Suction Temp. R.H. Water Conten1 

oc o/o total <3/8" 

Interparticle void spaces are open. 

material is composed of 60% breccia, 

1 O%shale and 30% intrusive roc~ types. 

Some fine yellow salt precipitates are 

visible. 

Disseminated pyrite in many of the particles 

appears unaltered. 

Level of oxidation and weathering low 

overall. 

Disturbed bench top surface. 
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Samples 
Number Type Interval 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG~ 

2.6- ~.7 m 

~.7 -1.5 m 

22 pg. ~ 

266~3.72 N 

26435.81 E 

5297.97 

Dec.01/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read intiS 
Suction Temp. R.H. Water Conten 

oc o;o total <3/8" 

Material composed primarily of boulder and na na na 2.3 12.3 

gravel sized particles with little sand and 

silt. 

Material is composed of 75% intrusive 

rock types. 

Particle surfaces are red 

2.5YR4/8 to reddish yellow 

5YR6/8 and pale yellow 5Y8/4. 

Interparticle void spaces are open. 

Unit is loose, slightly moist, 

poorly sorted. 

Level of weathering is moderate to high 

with some latite particles breaking 

down. 

Difficult to determine origin of moisture. 

Layer composed of boulder to clay sized na na na 4.5 5.2 

particles. 

Layer consists of significant % of clay 

(both yellow and grey colored clay) 

which is moist, plastic. 

Layer is moderately consolidated. 

Interparticle voids infilled with fine silt 

and clay matrix. 

Pyrite grains visible in the matrix. 

Layer appears to be composed of 60% 

breccia and 40% shale. 

Level of oxidation appears to be low 

to moderate but material is highly weathered. 

Layer is a mixture of dark olive grey5Y3/2 

and pale yellow 5Y8/4. 

Some particles surfaces have areas or 

spots of yellowish red to 

dark brown 7.5YR3/4 stain where 

sulfide grains were exposed to the 

surface of the particle. 

In places dark grey, moist, highly plastic 

clay present possibly due to the extensive 

breakdown of shale particles. 

Moisture maybe a result of watering. 

All beds strike 60°, dip 45°SE 
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Samples 
Number Type Interval 

TP22GS1a jar 2.6-~ .7 

TP22GS1b bag 2.6-1.7 

TP22GS1c bag 2.6-1.7 

TP22GS1d bag 2.6-~ .7 

TP22GS2a jar ~ .7-1.5 

TP22GS2b bag 1.7-1.5 

TP22GS2c bag 1.7-1.5 

TP22GS2d bag 1.7-~ .5 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 con't 

1.5-0.8 m 

0.8-0.5 m 

0.5-

surface 

LOG2 

2.9-2.7 m 

2.7-0.9 

22 pg. 2 

26613.72 N 

26435.81 E 

5297.97 

Dec.01/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

ReadinHs 
Suction Temp. R.H. Water Conten 

oc o/o total <3/8. 

Composed of boulders to gravel sized na na na na na 

particles with little silt and sand sized 

material. 

Material is composed primarily of latite 

particle types. 

Layer has a pink7.5YR7/4 to red 

yellow 7.5YR7/6 to pale yellow 5Y8/4 

color on particle surfaces. 

Material is loose, dry, poorly sorted 

with interparticle void spaces open. 

Level of oxidation and weathering 

is low restricted to particle surfaces 

where present. 

Composed of primarily gravel sized na na na 1.5 3.0 

particles with little silt and sand. 

Material is composed primarily of highly 

angular shale particles. 

Layer has a pink 7.5YR7/4 to red 

yellow 7.5YR7/6 to pale yellow 5Y8/4 

color on particle surfaces. 

Material is loose, dry to slightly moist, 

poorly sorted with interparticle void 

spaces open. 

Level of oxidation and weathering 

is low restricted to particle surfaces 

where present. 

Disturbed bench top surface layer. 

Layer described from 0.8 - 0.5 LOG 1 

Material composed of boulder to sand na na na 0.6 1.2 

sized particles with little silt. 

Particles are composed of 70% shale 

and 30% intrusive rock types. 
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Samples 
Number Type Interval 

TP22GS3b bag 1.5-0.8 

TP22GS3c bag 1.5-0.8 

TP22GS3d bag 1.5-0.8 

TP22GS4a jar 0.8-0.5 

TP22GS4b bag 0.8-0.5 

TP22GS4c bag 0.8-0.5 

TP22GS4d bag 0.8-0.5 

TP22GS5a jar 2.7-0.9 

TP22GS5b bag 2.7-0.9 

TP22GS5c bag 2.7-0.9 

TP22GS5d bag 2.7-0.9 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 2 con't 

2.7-0.9 m 

con't 

0.9-

surface 

22 pg. 3 

26613.72 N 

26435.81 E 

5297.97 

Dec.01/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin~1s 
Suction Temp. R.H. Water Conten1 

oc 0/o total <3ta· 

Material is loose, dry, poorly sorted with 

interparticle void space open. 

Level of oxidation and weathering 

low. 

Disturbed bench top surface. 
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Samples 
Number Type Interval 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

2.6-1.75 m 

1.75-1.65 

23 pg. 1 

26279.03 N 

26448.29 E 

5294.91 

Dec. 01/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read intiS 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Air temp ooc 

Coarse boulder to gravel layer with na 18.8 na 0.3 0.9 

little silt and sand sized particles. 

Material is composed of shale particle 

types. 

Interparticle void spaces remain open 

Rock is highly angular with an edge to 

face framework. 

Material is loose, poorly sorted, dry 

slightly warm. 

Upper contact of layer is sharp. 

Level of oxidation low overall. 

Particles contain both fresh pyrite grains 

and some dark reddish brown 

5YR3/4 stain where pyrite grains are 

exposed on particle surfaces. 

Pale yellow 5Y8/4 dusting on particle 

surfaces is common. 

Layer composed of gravel to silt sized na na na 0.9 1.0 

particles. 

Material is composed primarily of shale 

(90%) with some latite . 

Layer is a yellowish red 7 .5YR6/8 to 

reddish yellow 5Y6/8 color. 

Material is loose, dry, poorly sorted 

with some small particles weakly cemented 

to larger particles. 

Interparticle void spaces are infilled with 

fine silt matrix. 

Level of oxidation is low to moderate 

being restricted to particle surfaces where 

present. 

Some red 2.5YR4/6 stain on some particle 

surfaces. 

Some fine white salts visible but not 

common. 
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Samples 
Number Type Interval 

TP23GS1a jar 2.6-1.75 

TP23GS1b bag 2.6-1.75 

TP23GS1c bag 2.6-1.75 

TP23GS1d bag 2.6-1.75 

TP23GS2a jar 1.75-1.65 

TP23GS2b bag 1.75-1.65 

TP23GS2c bag 1.75-1.65 

TP23GS2d bag 1.75-1.65 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 con't 

1.65- 1.2 m 

1.2-0.7m 

0.7-

surface 

23 pg. 2 

26279.03 N 

26448.29 E 

5294.91 

Dec. 01/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inns 
Suction Temp. R.H. Water Conten 

oc 0/o total <3t8· 

Material is composed of gravel to silt na na na 1.0 1.2 

sized particles with occasional boulder. 

Material is composed of shale 75-80% 

and latite and intrusive varieties 20-25%. 

layer is pale olive 5Y7/4 to pale 

yellow 5Y6/3. 

Fine matrix infills most interparticle void 

spaces, however some remain open. 

Layer is dry, loose, poorly sorted 

cool. 

Thin layer of fine grained, dark grey to 

black, porphyritic (lamprophyre) rock 

which alters to a dark purple/black 

color. (not common overall) 

Overall level of oxidation appears to be 

low to moderate 

Similar material as below except increase na na na 2.5 2.9 

in % of fine silt matrix. 

Material is composed of gravel to silt 

sized particles with occasional boulder. 

Material is composed of shale 85% 

and latite and intrusive varieties 15%. 

layer is pale olive 5Y7/4 to pale 

yellow 5Y6/3 color. 

Fine matrix infills all interparticle voids 

spaces, however some remain open. 

Layer is dry to slightly moist, poorly sorted 

moderately consolidated. 

Overall level of oxidation appears to be 

low to moderate 

Some fine particles cemented to the larger 

particle surfaces. 

Disturbed bench top layer. 
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Samples 
Number Type Interval 

TP23GS3a jar 1.65-1.2 

TP23GS3b bag 1.65-1.2 

TP23GS3c bag 1.65-1.2 

TP23GS3d bag 1.65-1.2 

TP23GS4a jar 1.2-0.7 

TP23GS4b bag 1.2-0.7 

TP23GS4c bag 1.2-0.7 

TP23GS4d bag 1.2-0.7 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG2 

2.0-0.9 m 

0.9-0.8 m 

0.8-0.55 m 

23 pg. 3 

26279.03 N 

26448.29 E 

5294.91 

Dec. 01/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inns 
Suction Temp. R.H. Water Conten 

oc o;o total <3/8" 

Layer composed of gravel to silt sized 

particles with occasional boulders. 

Material is composed primarily of shale 

with minor (<10%) latite. 

Layer is a pale olive 5Y6/4 color. 

Interparticle void spaces are densely 

packed with fine silt matrix. 

Level of oxidation is low. 

Relatively unaltered pyrite grains are 

visible in interparticle void spaces. 

Layer is slightly moist, cool, moderately 

consolidated, poorly sorted. 

Pale yellow coating on some particle 

Lower contact is sharp. 

Material is composed of gravel to silt sized 

particles with interparticle void spaces 

infilled with fine matrix. 

Layer is composed of intrusive rock types 

60% and shale 40% rock type particles. 

Level of oxidation is moderate. 

Some fine white salts visible in matrix and 

particle surfaces. 

Some shale varieties appear to be highly 

weathered and breakif'lg down. 

Upper and lower contacts are sharp 

Layer is slightly moist, cool, poorly sorted. 

Layer is composed of gravel to silt sized na na na 3.2 3.8 

material. 

Layer is composed of shale (75%) and 

intrusive rock types. 

Interparticle void spaces infilled with fine 

matrix. 

Layer is a yellow 1 OYR7 /8 to strong 

brown 7.5YR5/8 color. 

No visible pyrite in matrix. 

Layer is slightly moist, poorly sorted, 

cool. 

Level of oxidation is moderate. 
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Samples 
Number Type Interval 

TP23GS5a jar 0.8-0.55 

TP23GS5b bag 0.8-0.55 

TP23GS5c bag 0.8-0.55 

TP23GS5d bag 0.8.:0.55 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 2 con't 

0.55-0.2 

0.2-

surface. 

23 pg. 4 

26279.03 N 

26448.29 E 

5294.91 

Dec. 01/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read intiS 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Fine grained layer of gravel, sand and na na na 6.3 7.4 

silt. 

Layer is a red 1 OR4/6 color. 

Material is composed of both intrusive 

varieties and shale rock types. 

Level of oxidation is high. 

Level of weathering is high. 

Layer contains abundant fines. 

Some shale varieties show deep red 

color throughout the particle. 

Some shale particles have completely 

altered to clay 

Some particles show weak red 1 OR5/4 

color. 

Level of oxidation and weathering is 

variable between particle types. 

All layers strike 40°, dip 41°SE 

Disturbed bench top surface layer. 
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Samples 
Number Type Interval 

TP23GS6a jar 0.55-0.2 

TP23GS6b bag 0.55-0.2 

TP23GS6c bag 0.55-0.2 

TP23GS6d bag 0.55-0.2 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

1.8- 1.4 m 

1.4-0.3 m 

24 pg. 1 

26777.10 N 

26522.75 E 

5293.12 

Dec. 02/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read intiS 
Suction Temp. A. H. Water Conten 

oc 0/o total <3/8" 

Air temp -1 ooc 

Material is composed of boulder to silt na na na 7.5 10.5 

sized particles. 

Layer is composed of several different 

types of intrusive rock types 70% and 

shale 30%. 

Matrix has infilled most interparticle voids. 

Layer is a yellowish red 5YR5/8 with some 

light grey to white 7 .5YRN8 shale 

particles. 

Level of oxidation appears to be moderate 

Level of weathering is moderate to high 

some shale particles appear to be altered 

to a yellowish 1 OYR7/8 silty clay. 

Layer is moist, cool and poorly sorted. 

All beds strike 44°, dip 34°SE 

Coarse boulder and gravel layer with na na na na na 

little silt and sand. 

Layer composed of intrusive 70% and 

shale particle types 30%. 

Interparticle voids are open or 

partially infilled with coarse 

gravel and sand. 

Most particle surfaces have a reddish 

yellow 7 .5YR6/8 dusting of fines 

on the surface. 

Level of oxidation is low to moderate 

being restricted to particle surfaces 

where present. 

Some intrusive varieties have oxidized to 

a red 5R4/6 color. 

Level of weathering low to moderate 

with some particles showing alteration 

to clay. 

Layer is moist, poorly sorted and cool. 

Moisture in pit appears to be due to 

watering. 
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Samples 
Number Type Interval 

TP24GS1a jar 1.8-1.4 

TP24GS1b bag 1.8-1.4 

TP24GS1c bag 1.8-1.4 

TP24GS1d bag 1.8-1.4 

TP24GS2b bag 1.4-0.3 

TP24GS2c bag 1.4-0.3 

TP24GS2d bag 1.4-0.3 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG2 

1.9- 1.4 m 

1.4-0.9 m 

0.9-0.3 m 

24 pg. 2 

26777.10 N 

26522.75 E 

5293.12 

Dec. 02/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inns 
Suction Temp. R.H. Water Conten 

oc o/o total <318" 

Layer described from 1.3 - 0.3 LOG 1 

Layer composed of boulders and coarse na na na 3.5 6.2 

sized particles with little silt. 

Material is composed of 75% intrusive 

rock types with 25% shale. 

Most particle covered with dark brown 

10YR3/3 fine grained material. 

Level of oxidation appears to be low. 

Level of weathering appears to be low to 

moderate with some particle types 

showing some particle breakdown. 

Some fine white salts are visible on 

particle surfaces. 

Upper contact is sharp marked by a 5 em. 

thick layer of clay material. 

This layer is dark brown in color and 

may possibly be soil. 

Layer is cool, moist, poorly sorted, 

with no preferred orientation of particles. 

Composed of coarse boulder to gravel na na na na na 

material with very little silt and sand. 

Layer is dry, poorly sorted, cool. 

Layer is composed of a mixture of 

equal amounts of shale and intrusive 

rock types. 

Material appears relatively fresh 

with little alteration visible. 

Some faint reddish yellow stain on some 

particle surfaces and may represent 

original joint and fracture surfaces present 

in the intact rock. 

Pyrite exposed on many particle surfaces 

appears unoxidized. 

Interparticle voids are open. 
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Samples 
Number Type Interval 

TP24GS3a jar 1.4-0.9 

TP24GS3b bag 1.4-0.9 

TP24GS3c bag 1.4-0.9 

TP24GS3d bag 1.4-0.9 

TP24GS4a jar 0.9-0.3 

TP24GS4b bag 0.9-0.3 

TP24GS4c bag 0.9-0.3 

TP24GS4d bag 0.9-0.3 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

2.9-2.6 m 

2.9-2.3 m 

25 pg. 1 

26708.52 N 

25525.38 E 

5423.6 

Dec. 05/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inns 
Suction Temp. A. H. Water Conten 

oc 0/o total <3/8" 

Air temp -1 ooc 
Test pit was warm and moist when first 

excavated. 

Steam made it difficult to see pit walls 

during excavation. 

Once pit walls cooled, fine layers 

stopped steaming however coarse 

boulder layer (at far end of pit) 

continued to vent days afterward 

Layer is composed of gravel to clay sized 113mba 36.6 na 13.3 18.3 

particles 

Layer has high percentage of fine material. 

Layer is a yellowish red 5YR5/8 to red 

1 OR4/8 color. 

Level of oxidation and weathering is high. 

Layer is composed of shale and 

intrusive particle types. 

Many particles show deep oxidation 

and removal of sulfide minerals. 

Patches of yellowish red and red colored 

clay in matrix. 

Majority of particle clasts are highly 

weathered with the extensive alteration 

breaking down particles. 

Some particle broken down to a silty clay 

but maintain original particle shape. 

Layer is fine grained, moist, warm, poorly 

sorted. 

Layer composed of gravel to silt with na 32.6 na 8.9 16 

occasional boulder. 

Layer composed predominantly of 

shale (90%) with some intrusive rock 

types. 

Overall layer ranges from a yellow 

2.5YA8/4 to a yellowish red 7.5YR5/8 

color. 

Particles show oxidation restricted 

primarily to particle surfaces. 
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Samples 
Number Type Interval 

TP25GS1a jar 1.5-1.4 

TP25GS1b bag 1.5-1.4 

TP25GS1c bag 1.5-1.4 

TP25GS1d bag 1.5-1.4 

TP25GS2a jar 2.9-2.3 

TP25GS2b bag 2.9-2.3 

TP25GS2c bag 2.9-2.3 

TP25GS2d bag 2.9-2.3 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 con't 

2.6-2.3 

con't 

2.3-1.5 m 

1.5- 1.4 

25 pg. 2 

26708.52 N 

25525.38 E 

5423.6 

Dec. 05/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Read inns 
Suction Temp. R.H. Water Conten 

oc 0/o total <318" 

Layer composed of shale particles 

Some shale particles show extensive 

breakdown but still retain original particle 

shape. 

Other varieties of shale seem only 

slightly weathered. 

Some yellowish clay in matrix. 

All interparticle void spaces are infilled. 

Layer is warm, moist, poorly sorted. 

Moisture in this pit is original insitu 

moisture and not added during dust control 

operations. 

Sharp upper and lower contact. 

Layer is composed primarily of gravel na na na 5.2 7.4 

to silt sized material with occasional 

boulders. 

Layer is a grey 5Y6/1 to light grey 5Y7/2 

Layer is composed of highly weathered 

latite particles and minor shale (5%). 

All interparticle void spaces infilled with 

fine matrix. 

Significant % of sand sized material 

consisting of mineral (feldspar etc.) 

grains as a result of the breakdown 

of the latite. 

Pyrite grains also visible in matrix. 

Level of oxidation is low to moderate 

with a high degree of weathering. 

Layer is moist, warm, poorly sorted. 

Similar to layer below. na 27.9 na 6.9 4.5 

Layer composed entirely of latite particle. 

Layer is an olive grey 5Y4/2 color. 

Boundary with lower unit gradational, 

upper boundary sharp. 

All interparticle void spaces infilled with 

fine matrix. 
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Samples 
Number Type Interval 

TP25GS3a jar 2.3-1.5 

TP25GS3b bag 2.3-1.5 

TP25GS3c bag 2.3-1.5 

TP25GS3d bag 2.3-1.5 

TP25GS4a jar 1.5-1.4 

TP25GS4b bag 1.5-1.4 

TP25GS4c bag 1.5-1.4 

TP25GS4d bag 1.5-1.4 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 can't 

1.5- 1.4 

can't 

1.4-0.4 m 

0.4-

surface 

25 pg. 3 

26708.52 N 

25525.38 E 

5423.6 

Dec. 05/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readinps 
Suction Temp. R.H. Water Conten 

oc o/o total <3/8" 

Significant % of sand sized material 

consisting of mineral grains 

(feldspar etc.) as a result of the 

breakdown of the latite. 

Pyrite grains also visible in matrix. 

Level of oxidation is low to moderate 

with a high degree of weathering. 

Layer is moist, warm, poorly sorted. 

Fine white salts precipitating as 

excavation face cools and dries. 

Layer is contains gravel to silt na 23.4 na 5.7 8.4 

with occasional boulder sized 

particles. 

Layer is a pale olive 5Y6/4 color to 

a yellowish red color SYRS/8 color. 

Different colors in unit give it a mottled 

texture. 

Material is primarily composed of latite 

particles (95%) with the remainder 

being shale rock types. 

Matrix appears to contain some clay. 

Interparticle void spaces are infilled 

with fine grained matrix. 

Level of oxidation and weathering is low to 

moderate. 

Some shale particles may show more 

extensive alteration to clay but not common 

overall. 

Pyrite minerals visible in the matrix. 

Level of oxidation is restricted to particle 

surfaces where present. 

Some pyrite minerals exposed on particle 

surfaces show little alteration. 

Disturbed bench top layer. 
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Samples 
Number Type Interval 

TP25GS5a jar 1.4-0.4 

TP25GS5b bag 1.4-0.4 

TP25GS5c bag 1.4-0.4 

TP25GS5d bag 1.4-0.4 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

5.3-4.7 m 

4.7-4.1 m 

26 pg.1 

27692.08 N 

26119.43 E 

5524.84 

Dec. 06/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readins s 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Air temp. - soc 

Layer is composed of gravel to silt sized na 29.0 na 5.0 7.2 

particles with occasional boulders and clay. 

Material is composed of 75% intrusive 

25% sedimentary (primarily shale) particle 

types 

Layer is a dark grey 5Y3/1 color 

with mottled areas of pale yellow 5Y7/4 

clay associated with the 

breakdown of some 

light grey shale fragments. 

Sandy to silty matrix has a high % of 

pyrite grains. 

Level of oxidation overall appears low 

however the level of weathering 

is moderate to high. 

All interpartile void spaces are infilled 

with fine matrix. 

Layer is loose, warm, moist, poorly sorted 

steaming when first opened. 

Latite particle (especially smaller particles) 

are showing significant breakdown. 

Some latite particles may have a fine 

pale yellow dusting on particle surfaces. 

Sharp upper contact. 

Layer composed of boulder to clay sized na 31.9 na 8.7 12.4 

particles. 

Layer ranges from pale yellow SYS/4 

to reddish yellow 7.5YR6/8. 

Material is composed of 90% light grey 

sulfide bearing shale and 1 0% latite 

varieties. 

Fine matrix doesn't completely infill 

interparticle void spaces. 

Shale particles are showing breakdown 

along bedding laminations and joint 

surfaces. 

All particles have a fine reddish yellow 

dusting. 

Layer is moist, warm, poorly sorted. 
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Samples 
Number Type Interval 

TP26GS1a jar 5.3-4.7 

TP26GS1b bag 5.3-4.7 

TP26GS1c bag 5.3-4.7 

TP26GS1d bag 5.3-4.7 

TP26GS2a jar 4.7-4.1 

TP26GS2b bag 4.7-4.1 

TP26GS2c bag 4.7-4.1 

TP26GS2d bag 4.7-4.1 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 con't 

4.7-4.1 m 

con't 

4.1-3.55 m 

3.55-

3.45 

26 pg.2 

27692.08 N 

26119.43 E 

5524.84 

Dec. 06/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin!IS 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Some shale particles completely altered to 

clay but maintaining original 

particle shape. 

Some dusk red 1 OR3/2 color on some 

particle surfaces but doesn't extend 

below surface. 

Level of oxidation moderate 

restricted to particle surfaces. 

Level of weathering moderate to 

high. 

Latite, where present, is altered in most 

particles adding feldspar grains to matrix. 

Some fine pale yellow, reddish yellow 

and white salts present. 

Composed of boulder to silt sized particles. na 28.8 na 5.8 13.1 

Material is composed primarily of latite 

with minor shale (10%). 

Layer is a mixture of pale yellow 5Y8/4 

and dark grey 5Y 4/1 colored material 

giving the layer a mottled texture. 

Interparticle void spaces are infilled with 

fine matrix. 

Level of oxidation is low to moderate. 

Level of weathering moderate to high. 

Latite particles are showing significant 

breakdown adding feldspar minerals 

to the matrix. 

Upper and lower contacts are sharp. 

Layer is warm, moist, poorly sorted. 

Some pyrite in matrix but not at the same 

percentage as below. 

Layer is composed of boulder to clay sized 

particles. 

Unit is composed primarily of latite with 

minor amounts of shale. 

Layer is a yellowish red 5YR5/8. 
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Samples 
Number Type Interval 

TP26GS3a jar 4.1-3.55 

TP26GS3b bag 4.1-3.55 

TP26GS3c bag 4.1-3.55 

TP26GS3d bag 4.1-3.55 



Test Pit # 26 pg.3 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Location 27692.08 N 

26119.43 E 

Elevation 5524.84 Whitehall, Montana 
Date Dec. 06/94 

Depth Description Readinps 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

LOG 1 con't 

3.55-

3.45 con't Latite particles are covered with 

yellowish red to dusk red fines. 

Some particle show signs of removal of 

sulfide minerals from particle surfaces. 

No pyrite (unaltered) is visible in the matrix. 

Layer is moist, warm, poorly sorted, 

moderately compacted. 

All interparticle void spaces are infilled with 

fine matrix. 

Level of oxidation is moderate. 

Matrix appears to be a sandy silt with 

some clay. 

3.45-3.1 m Layer composed of boulder to clay sized na 27 4.2 8.6 

particles 

Material is highly angular shale. 

Interparticle void spaces are partially 

infilled with fine matrix. 

Pyrite grains visible in matrix. 

Most particles have a pale yellow color 

on surface and in matrix. 

Some preferential oxidation along bedding 

planes and joint surfaces of shale particle. 

Overall level of oxidation is low to 

moderate and variable between different 

particles. 

Some pale yellow clay present 

Layer is moist, warm, poorly sorted. 

3.1-2.7 m Layer is composed of boulder to clay sized na 21.2 na 6.3 7.8 

particles. 

Unit is composed primarily of latite with 

minor amounts of shale. 

Latite particles are covered with 

yellowish red to dusk red fines. 

Some particle show signs of removal of 

sulfide crystals from particle surfaces. 
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Samples 
Number Type Interval 

TP26GS4a jar 3.45-3.1 

TP26GS4b bag 3.45-3.1 

TP26GS4c bag 3.45-3.1 

TP26GS4d bag 3.45-3.1 

TP26GS5a jar 3.1-2.7 

TP26GS5b bag 3.1-2.7 

TP26GS5c bag 3.1-2.7 

TP26GS5d bag 3.1-2.7 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG1 can't 

3.1 -2.7 

can't 

2.7-2.3 m 

2.3-

surface 

26 pg.4 

27692.08 N 

26119.43 E 

5524.84 

Dec. 06/94 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readinc s 
Suction Temp. R.H. Water Conten 

oc 0/o total <318" 

No pyrite is visible in the matrix. 

Layer is moist, warm, poorly sorted, 

moderately compacted. 

All interparticle void spaces are infilled with 

fine matrix. 

Level of oxidation is moderate. 

Matrix appears to be a sandy silt with 

some clay. 

Layer composed of boulder to clay sized na 17.6 na 9.5 9.5 

material. 

Particles composed of equal amounts of 

shale and intrusive rock types. 

Layer is a pale yellow with some yellowish 

red stain. 

Lov:-'er and upper contacts are sharp. 

Interparticle void spaces are infilled 

with fine matrix. 

Breakdown of shale and intrusive particles 

are apparent. 

Some shale particles appear to be 

completely altered to clay. 

Some particles have a yellowish red to 

dusk red stain on particle surfaces 

Layer is moist, loose, poorly sorted and 

warm. 

Salts beginning to precipitate on the 

pit surface after opening. 

Level of oxidation moderate. 

Weathering moderate to high. 

Layer composed of coarse boulder to na 11.1 na 1 0.5 

gravel sized material with little sand and 

silt. 

Material composed of equal amounts 

of shale and intrusive rock types. 

Some boulders have a pale yellow to 

reddish yellow stain on surfaces 

Layer is cool, dry, poorly sorted. 

Interparticle void space open. 

Level of oxidation and weathering is low. 
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Samples 
Number Type Interval 

TP26GS6a jar 2.7-2.3 

TP26GS6b bag 2.7-2.3 

TP26GS6c bag 2.7-2.3 

TP26GS6d bag 2.7-2.3 

TP26GS7a jar 2.3-0.0 

TP26GS7b bag 2.3-0.0 

TP26GS7c bag 2.3-0.0 

TP26GS7d bag 2.3-0.0 



Test Pit# 
Location 

Elevation 
Date 

Depth 

2.2-

surface 

27 pg.1 

26 614 N 

26 680 E 

5251 

Feb.14/95 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 
Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readings 

Suction Temp. R.H. Water Conten 
oc % total <3/8" 

Air temp - 8.8°C 

Coarse gravel with occasional boulder 5.9 

with very little silt and sand. 

Interparticle voids are open. 

Composed of grey shale with 

minor intrusive rocks. 1.8 

Both fresh and staned pryrite grains are 

visible on the particle surfaces. 

Level of oxidation and weathering is low. 

Interparticle void spaces are open 

Material is slightly moist to dry, cool 

loose with edge to face particle framework 
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Samples 

Number Type Interval 

TP27GS1a jar 2.2-1.2 

TP27GS1b bag 2.2-1.2 

TP27GS1c bag 2.2-1.2 

TP27GS1d bag 2.2-1.2 

TP28GS2a jar 1.2-0.0 

TP28GS2b bag 1.2-0.0 

TP28GS2c bag 1.2-0.0 

TP28GS2d bag 1.2-0.0 



Test Pit# 
Location 

Elevation 
Date 

Depth 

LOG 1 

2.4-0.1 m 

0.1 -

surface 

LOG2 

1.2-1.1m 

0.1 -

surface 

28 pg.1 

26 614 N 

26 885 E 

5251 

Feb. 14/95 

Description 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I- East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Whitehall, Montana 

Readin11s 
Suction Temp. R.H. Water Conten 

oc 0/o total <3/8" 

Air temp -8.8°C 

Gravel to cobbles with some boulders na 2.4 na na na 

sized particles. 

Material is highly angular and blocky. 

Rock appears fresh level of oxidation 

and weathering is low. 

Pyrite on the surface of particles shows 

little signs of oxidation 

Layer composed of 95% shale and 5% 

igneous particle types. 

Material is cold, slightly moist, loose 

and contains little silt and sand. 

Interparticle void spaces are open. 

Disturbed, compacted layer with snow on 

top.surface 

Cobbles and boulder sized particles little 

gravel, sand and silt particles. 

Material is highly angular and blocky. 

Rock appears fresh level of oxidation 

and weathering is low. 

Pyrite on the surface of particles shows 

little signs of oxidation 

Layer composed of 95% shale and 5% 

igneous particle types. 

Material is cold, slightly moist, loose 

and contains little silt and sand. 

Interparticle void spaces are open. 

Disturbed, compacted layer with snow on 

top surface 
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Samples 
Number Type Interval 

TP28GS1a jar 2.4-0.1 

TP28GS1b bag 2.4-0.1 

TP28GS1c bag 2.4-0.1 

TP28GS1d bag 2.4-0.1 



Test Pit # TP29 pg. 1 

Department of Civil Engineering 
University of Saskatchewan, Canada 

Phase I - East Dump Characterization 
GOLDEN SUNLIGHT MINES, INC. 

Location 26 621 N 

27 278 E 

Elevation 5214 Whitehall, Montana 
Date Feb. 16/95 

Depth Description Readin~ s 
Suction Temp. R.H. Water Conten 

o.c 0/o total <3/8" 

Air temp = o oc 
1.3-0.8 m Gravel with some cobbles and boulders na 3.4 na na na 

little sand and silt sized particles. 

Layer composed of 95% shale and 5% 

intrusive rock types. 

Layer is cool, slightly moist, loose 

Interparticle void spaces are open. 

Waste rock has a fresh unweatherered 

appearance. 

Level of weathering and oxidation low. 

Some particle surfaces show patches 

of reddish yellow stain on particle 

surfaces. 

0.8-0.05 m Contains boulders and cobbles little na na na na na 

gravel, sand and silt sized particles. 

Layer composed of 95% shale and 5% 

intrusive rock types. 

Layer is cool, slightly moist, loose 

Interparticle void spaces are open. 

Waste rock has a fresh unweatherered 

appearance. 

Level of weathering and oxidation low. 

Some particle surfaces show patches 

of reddish yellow stain on particle 

surfaces. 

0.05- Disturbed, compacted layer with snow on 

surface top surface 
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Samples 
Number Type Interval 

TP29GS1a jar 1.3-0.8 

TP29GS1b bag 1.3-0.8 

TP29GS1c bag 1.3-0.8 

TP29GS1d bag 1.3-0.8 

too coarse 

to sample 
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APPENDIX B 

Grainsize Distribution Results 

This appendix includes the grainsize distribution curves determined during Phase IT - Laboratory 
Program 
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Grainsize Distribution Curve 
TP5GS1 
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Grainslze Distribution Curve 
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Grainsize Distribution Curve 
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