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XII SUMMARY OF RESULTS AND RECOMMENDATIONS 
 

1.1 Results 
1.1.1 Scope of 2009 Program 

In addition to the routine monitoring of water-levels, chemical analysis of groundwater and leachate from the 

sumps, and monitoring of landfill gas, additional work was undertaken in the 2009 monitoring year that consisted 

of the following: 

 Geophysical surveying using seismic refraction; 

 Installation of seven additional monitoring wells at four locations; 

 Groundwater sampling and response testing of the newly installed water wells, together with response 

testing of selected existing monitoring wells;  

 Installation of landfill gas probes upgradient of the landfill adjacent to TH1A/B and at all new monitoring 

locations; 

 Decommissioning of upgradient monitoring wells TH10 and MW305 to make way for the construction of the 

new Annex; 

 Characterization of flyash material; 

 Geochemical assessment including characterization of native surficial and bedrock materials; and, 

 Water well inventory. 

 

1.1.2 2009 Supplemental Field Program 

 Seismic refraction geophysical surveying was conducted north and south of the landfill to assist with the 

siting of new wells in those areas.  The surveying was used to identify areas where bedrock could be 

depressed or weak and where groundwater flow could potentially be directed.  Geophysical surveying was 

also conducted east of the landfill in the area of the infilled valley to map the bedrock surface and provide a 

more complete picture of the profile of the in-filled valley. 

 Monitoring wells MW09-1A and MW09-1B were installed in the infilled valley east OW2, while MW09-2A 

and MW09-2B were installed southeast of Stage 1 on the west side of the Trans Canada Highway.  

Collectively, MW09-1A/B, OW2 and MW09-2A/B form a transect perpendicular to the direction of 

groundwater flow.  Monitoring wells MW09-3A and MW09-3B were installed north of the landfill between 

monitoring well MW97-1 and Stage III to investigate the rising chloride concentrations that have been 

observed at MW97-1.  Monitoring wells MW09-4A, MW09-4B and MW09-4D were installed south of the 

landfill approximately mid-way between TH5 and OW2 to investigate the potential for groundwater flow 

southeast from Stage IV.  At each of the locations, monitoring wells were screened within bedrock (A) and 

the overlying material (B) in separate boreholes.  At MW09-4, a third monitoring well (D) was also installed 

at depth within the competent bedrock to investigate the change in bedrock hydraulic conductivity with 

depth. 
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 Gas probes were installed at all four new monitoring well locations and upgradient of the landfill at TH1A/B. 

 Monitoring wells TH10 and MW305 were decommissioned following the final quarter of monitoring.  

Monitoring wells MW306 and MW307, which were installed by others as part of the proposed landfill 

expansion, were added to the monitoring well network in 2009 as additional upgradient monitoring 

locations. 

 The potential for the clogging of bedrock fractures due to the formation of precipitates (and associated 

reductions in hydraulic conductivity) was raised by AMEC (2009).  A comparison of the recent response 

testing results with response test data available prior to landfilling indicates that there is no evidence of a 

decline in hydraulic conductivity over time at these locations.       

 A water well inventory identified 18 water wells within 2 km of the landfill.  Half of these wells are located at 

the south end of the Village of Cache Creek and half are located in the Boston Flats area.  The status of 

these wells (i.e., whether they are active) was not investigated.  Three wells were identified east of the site.  

Of these, two are no longer active.  One well, located at Woodburn Ranch, is understood to be active and 

appears to be hydraulically connected to the Bonaparte River.      

 

1.1.3 Groundwater-Level Monitoring 

 Most of the surficial materials on the hill slope are unsaturated (dry).  Groundwater on the sloping western 

portion of the hill slope flows primarily near the top of the bedrock surface towards the east-northeast, 

discharging to the infilled valley east of the landfill.  Once in the infilled valley, groundwater flows towards 

the south-southeast within the sediments in the infilled valley. 

 The recent drilling information and seismic refraction surveying has provided additional information 

concerning the site geology.  The infilled valley, located at the base of the slope east of the landfill, is more 

irregular than originally assumed, with an undulating base and axis that is somewhat meandering. 

 The thickness of saturated surficial material within the in-filled valley is thinner than originally assumed and 

the hydraulic conductivity of the surficial materials increases towards the south, ranging from 2 x 10-6 m/s at 

the north end of the valley to 4 x 10-3 m/s at the south end.  Revised estimates of average groundwater flow 

velocity through the sediments within the infilled valley range from 6 m/yr to 150 m/yr.  The groundwater 

flow rate within the infilled valley is estimated to range from on the order of 19 m3/day to 26 m3/day.    

 Previous data suggested downward vertical gradients (from the overburden unit to the underlying bedrock) 

upgradient of the landfill (at TH1A/B) and upward gradients in the infilled valley at TH9A/B.  While these 

trends are still observed, it appears that vertical gradients at the south end of the infilled valley are directed 

downward from the overburden to the bedrock.  Upward gradients are observed mid-way down the slope at 

newly installed monitoring well MW09-4.  Groundwater levels north of the landfill at newly installed 

monitoring well MW09-3 have not equilibrated to allow an assessment of vertical gradient at that location. 

 Response testing indicates that the hydraulic conductivity of the bedrock material (geometric mean of  

2 x 10-8 m/s) is several orders of magnitude lower than the overburden material.  In other words, regardless 

of the direction of vertical gradient, the preferential pathway for groundwater flow is through the overburden 

rather than bedrock. 
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 The percentage of groundwater moving vertically into the surface of the bedrock at the south end of the 

infilled valley is estimated to represent less than 0.3 percent of the regional groundwater flow. 

 Groundwater levels in monitoring wells were consistent with levels from previous years. 

 

1.1.4 Sump Monitoring 

 Monitoring of the chemistry of liquids from the sumps is carried out to characterize the landfill leachate 

chemistry.  In general, the sump leachate chemistries have changed or evolved over time, and the 

evolution of leachate chemistry at Sumps 1 to 3 has been similar.  Constituent concentrations within 

leachate from the three sumps have also generally been of similar magnitude.  Although the evolution of 

Sump 4 leachate chemistry appears to be following the same general trends as those observed during the 

early phases of Sumps 1 to 3 monitoring, a number of constituents, including electrical conductivity, 

chloride, potassium, sodium, nickel, and tritium, have reported much higher concentrations and 

demonstrate an increasing trend.            

 Fly ash material from a municipal incinerator has been landfilled in Stage IV.  A lesser amount of flyash 

(approximately 18% of the total amount deposited) is present in Stages I through III of the landfill.  Flyash in 

Stages I through III was deposited in the upper lifts, while flyash in Stage IV was deposited commencing in 

the lower lifts.  Characterization of the fly ash material was conducted during the 2009 monitoring year to 

determine whether the material may be responsible for the elevated concentrations of chloride and other 

constituents associated with the leachate from Sump 4.  The characterization was carried out on three 

samples using a leach test with a de-ionized (DI) water lixiviant.  The test results supplement other 

available data from a toxicity characteristic leaching procedure (TCLP) for metals routinely conducted by 

Montenay Inc./Covanta for Metro Vancouver using a lixiviant with a pH of 2.9 to ensure that the fly ash is 

not categorized as Hazardous Waste.  Results indicate that the fly ash is a source of ammonia, calcium, 

chloride, potassium and sodium, together with a number of metals, including barium (Ba), chromium (Cr), 

lead (Pb), mercury (Hg), molybdenum (Mo), strontium (Sb) and zinc (Zn).    A comparison of the test results 

for the 2.9 pH lixiviant relative to the DI lixiviant shows that the leachability of a number of metals was 

higher for the DI lixiviant, including barium (Ba), chromium (Cr), lead (Pb), manganese (Mn), mercury (Hg), 

molybdenum (Mo), and selenium (Se).  These differences are likely attributed to a combination of 

differences in lixiviant pH and sample heterogeneity.  No tritium was detected in the flyash at a method 

detection limit of +- 15 TU.  Efforts to reduce the leaching of chloride and other constituents from the flyash 

include the reduction of water discharged to the landfill and provisions for monofilling of the flyash in the 

Annex design.   

 The total volume of liquids removed from the sumps during the 2009-monitoring year was 903 m3, with the 

following volumes removed from each sump: 

 Sump 1: 5 m3  

 Sump 2: 100 m3  

 Sump 3: 66 m3  

 Sump 4: 732 m3  
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The total volume represents a small decrease compared to the total volume removed in 2008 (1,047 m3). 

The decrease is largely attributable to a lower volume removed from Sump 4 in 2009 (732 m3) compared to 

2008 (868 m3).  The lower volume removed from Sump 4 during the 2009 monitoring year is likely due the 

reduction in wash water discharged to the working face related to the washing fly ash trucks, which was 

discontinued in May 2009, together with efforts to enhance evaporation. 

 A preliminary water balance analysis was undertaken during the 2009 monitoring year to estimate the 

approximate volume of leachate generated within the existing landfill using the Hydrologic Evaluation of 

Landfill Performance (HELP) model developed by the US Corps of Engineers.  The approximate volume of 

leachate generated from the closed landfill, which currently represents approximately 89% of the total 

landfill area, was estimated to be 1100 m3/year.  This volume is a similar order of magnitude to the total 

volume of leachate collected by the sumps in 2009 (900 m3).  This correlation suggests that the volume of 

leachate historically collected from Sump 4 cannot be attributed entirely to the wash water that has been 

applied to Stage IV.  Leachate volumes determined using HELP are considered to represent estimates 

only, and will be refined based on site-specific field testing to be conducted in 2010.    

 

1.1.5 Groundwater Chemistry Monitoring 

 The groundwater chemistry trends observed in 2009 were, for the most part, consistent with those 

documented in the 2008 Annual Report. 

 In conducting the assessment of downgradient groundwater chemistry, factors identified that add 

complexity to the interpretation of the data, consist of the following:  1) temporal changes in the chemistry 

of the potential sources (as represented by the landfill leachate in the sumps) as the leachate evolves 

through the five phases of evolution; 2) spatial variations in the leachate chemistry between sumps; 3) the 

potential for changes in groundwater chemistry along the flow path due to a number of chemical, biological 

and physical processes; 4) the highly mineralized and variable nature of the ambient groundwater quality; 

5) other potential sources of groundwater contamination related to historical activities on properties 

adjacent to the landfill and the use of dust suppressants on gravel roads in the area of the landfill site and 

de-icing chemicals along Highway 1; and 6) the potential for interaction of groundwater with landfill gas. 

 Groundwater monitoring results show an increasing trend in chloride at downgradient monitoring wells 

OW1, OW2, OW4 and newly installed monitoring wells MW09-1A/B and an absence of an increasing trend 

at wells TH6 and OW3.  The chloride concentrations measured at some of the off-site wells in 2009 were 

above the BCWQG and CSR criteria for irrigation of 100 mg/L, but below the aesthetic criteria for drinking 

water (250 mg/L).     

 Metals that were detected in off-site monitoring wells above the BCWQG and CSR that were not found at 

similar concentrations prior to landfilling or upgradient consist of selenium and uranium.  A rise in selenium 

concentrations has been observed at OW4 but not in any of the monitoring wells located closer to the 

landfill (OW1, OW2, OW3, TH6, MW07-1A/B and MW09-1A/B).  Uranium was found above the BCWQG 

and CSR for drinking water (0.02 mg/L) at off-site well OW4 on four occasions in 2009, and above the 

lower of two irrigation water criteria (0.01 mg/L) at off-site wells OW2, OW4 and MW09-2B.    
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 Concentrations of VOCs in excess of BCWQG and CSR were limited to on-site well OW3, located 

immediately adjacent to the landfill.  Elsewhere, VOC concentrations are relatively low.   

 MW97-1 is located at the northeast corner of the Site at the north end of the infilled valley and is therefore 

inferred to be “cross-gradient” of the landfill.  At MW97-1, a continued and steady increase in chloride 

concentrations has been observed in recent years.  No changes in groundwater elevations have been 

noted in MW97-1 that would suggest a change in hydrogeologic pathways related to the landfill.  With the 

exception of a slight increase in sodium, trends for other chemical constituents such as alkalinity, 

magnesium, calcium and potassium are either stable or decreasing at MW97-1.  Similarly, no VOCs were 

detected at MW97-1.  Tritium concentrations at MW97-1 have increased in recent years, rising from 1.3 +-

0.4 TU in 2005 to 2.3 +- 0.6 TU in 2006 and up to 9.9 +- 1.9 TU in 2009.  Monitoring well MW09-3A and 

MW09-3B were installed between MW97-1 and Stage III of the landfill to monitor groundwater conditions 

between MW97-1 and the landfill.  Due to the absence of groundwater in the overburden materials at this 

location, both wells were completed in bedrock.  Unlike MW97-1, groundwater at MW09-3 was not 

characterized by elevated chloride or tritium.  Chloride concentrations at nearby monitoring well TH6, 

completed at the interface between bedrock and overburden, are also low. 

 

1.1.6 Gas Monitoring 

 Water-level monitoring was conducted in the gas probes in 2009 in accordance with a recommendation 

from AMEC (2009).  As expected, no water was found, confirming that the sediments in which the gas 

probes are completed are unsaturated, and that the probes are well situated for the monitoring of landfill 

gas migration. 

 Similar to previous years, the highest concentrations of methane were found at on-site monitoring wells 

OW1 and OW3 and the newly installed gas probe at MW07-1GP (which is adjacent to OW3), with 

concentrations of up to 66.7% total methane.  OW1, OW3 and MW07-1GP are located along the east 

property boundary and downgradient of the landfill. 

 Historically, the highest concentrations measured outside of the property boundary have been found at 

MW97-2, where up to 65% LEL was measured in 2009.  Concentrations are generally highest in the 

shallowest gas probe at this location.  Methane concentrations at MW97-2 have been highly variable.   

 In October 2009, a total methane concentration of 5.1% total methane (102% LEL) was measured at the 

gas probe located at newly installed monitoring well MW09-1.  This concentration was above the BC 

Landfill Criteria for Municipal Solid Waste of 100% LEL and was attributed to the migration of landfill gas.  

Adjustments were made to the landfill gas management system and an additional monitoring round was 

conducted in December 2009 to monitor the effectiveness of these adjustments.  Methane concentrations 

of 1.4% total methane (29% LEL) were measured at the gas probe (GP) during the December monitoring 

round and 3.1% total methane (62% LEL) was measured in the monitoring well completed in surficial 

sediments (B) at the same location. 

 Increasing methane gas concentrations have been measured at on-site monitoring well TH5, located south 

of the landfill (up to 35% LEL in December 2009), indicating that migration of landfill gas is occurring in this 

direction. 
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 Monitoring of dissolved methane in groundwater was undertaken during the 2009 monitoring year based on 

a recommendation by AMEC (2009).  Dissolved ethane, which is typically related to natural sources, rather 

than landfill gas, was also analysed as a means of assessing the potential source of the dissolved methane 

in groundwater.  The results indicate that at least some of the dissolved methane measured in groundwater 

is naturally derived from the carbonaceous bedrock.  In particular, the dissolved methane measured at 

upgradient well MW305 is inferred to be related to natural bedrock sources. 

 Organic vapours were detected in 2009 at concentrations greater than 1 ppm at several monitoring 
locations.  The highest concentrations were generally measured in the gas probes at MW97-2.  In response 
to a recommendation in AECOM (2009), a vapour sample was collected from MW97-2GP3 in February 
2010 and submitted to the laboratory for analysis of volatile organic compounds (VOCs).  The results were 
compared with the CSR Schedule 11 Generic Numerical Vapour Standards, which were developed for the 
protection of human health by inhalation in the breathing zone at the ground surface.  Chloroform and 
chloromethane were found to exceed the Schedule 11 vapour standards for commercial and industrial land 
use, without the application of attenuation factors to account for the dilution that would be expected prior to 
human exposure.  The comparison with the vapour standards in Schedule 11 should therefore be 
considered for reference purposes only; site-specific attenuation factors are required to determine potential 
vapour exposures in the breathing zone on site.  

 

1.1.7 Geochemical Assessment and Discussion 

 Recent HELP modelling indicates that the estimated leachate generated by the closed landfill is on the 
order of 1100 m3/year, which is a relatively small volume of liquid when compared to the inbound water in 
the refuse at over 100,000 cubic metres per year and considerably lower than landfills situated in wetter 
climates.  Groundwater quality at the Site has been influenced by the landfill.  Changes in groundwater 
quality are likely attributed to a combination of factors, including off-site migration of groundwater that has 
been influenced by landfill leachate, migration and infiltration of surface water from the landfill access roads 
and adjacent highway, off-site migration of landfill gas, and metal release from native aquifer solids. 

 Landfill Influence on Groundwater – The occurrence of VOCs in downgradient groundwater is 
indicative of a landfill influence on downgradient water quality.  VOC transport may occur due to landfill 
gas or the migration of groundwater that has been influenced by landfill leachate.   

 Migration of Groundwater Influenced by Landfill Leachate - Because chloride is present in landfill 
leachate and is transported conservatively in groundwater, it is an ideal landfill tracer.  It is also present 
in dust suppressants and roadway salts.  The correlation between sump chloride concentrations and 
downgradient groundwater concentrations is considered indicative of the migration of groundwater off-
site that has been influenced by landfill leachate.  In particular, the trend in Sump 4 chloride 
concentrations, which are significantly higher than historical sump chloride concentrations and are 
increasing at a faster rate, has been observed in downgradient wells.  Based on chloride 
concentrations, the contribution of chloride derived from the landfill to groundwater appears to be on the 
order of a few percent (less than approximately 5% by volume).  Given that the estimated flow rate in 
the infilled valley is on the order of 19 m3/day to 26 m3/day, this chloride contribution would equate to 
less than 1 m3/day.  Efforts to reduce the release of chloride from the site to groundwater have 
consisted of the reduction of water discharged to the landfill and provisions for monofilling of the flyash 
material (which has been identified as a source of chloride) as part of the Annex design.   
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 Recent trends in sump and well tritium concentrations indicate a short lag time (i.e., less than a year to 

a few years) between changes in landfill leachate quality and downgradient groundwater quality. 

 Dust Suppressant – The use of dust suppressants on landfill roads is a potential source of chloride 

and magnesium loading to groundwater. A simple mass balance calculation suggests that dust 

suppressant may represent a significant source of chloride and magnesium loading. 

 Landfill Gas - Groundwater quality is likely affected by the migration of landfill gas.  Increases in 

groundwater calcium concentrations may be attributable to dissolution of calcite following an increase in 

pCO2.  Magnesium concentrations trends are attributed to both the migration of groundwater influenced 

by landfill leachate and to a lesser extent aquifer reactions following landfill gas migration.  Dust 

suppressant, as noted above, may also affect groundwater magnesium concentrations. 

 Spatial Extent – The recent increasing chloride concentration trend at MW97-1 is likely attributable to 

the migration of groundwater that has been influenced by landfill leachate, likely from Stage IV.  The 

2009 increase in tritium concentrations at this well is also indicative of a landfill influence on 

groundwater quality.  Chloride concentration trends at well OW4, the most downgradient well, indicate 

an influence from groundwater that has been influenced by landfill leachate.  Dust suppressant may 

also affect OW4 chloride concentrations. 

 Bedrock Impacts – The evaluation of landfill impacts to bedrock groundwater quality is inconclusive.  

In 2009, tritium concentrations were typically on the order of 1 to 2 TU in downgradient and side-

gradient bedrock wells, which is similar to the range reported in upgradient bedrock wells.  These data 

are not indicative of a landfill influence.  However, higher tritium concentrations were reported at 

MW09-2B (weathered bedrock – 9.4 TU) and MW09-1A (3.7 TU).   

 MW03-2A - Some of the groundwater quality changes at MW03-2A are consistent with a landfill 

influence; however, chloride concentrations do not demonstrate and increasing trend and the 2009 

tritium concentration was low (2.1 TU).  A significant increase in nitrate (+ nitrite) concentrations has 

been observed since the start of landfilling.  However, elevated nitrate is not observed in wells 

located between MW03-2A and the landfill (e.g., OW4, OW2).  Because Well MW03-2A is located 

downgradient of the woodchip facility, changes in groundwater quality at this well may be associated 

with historical activities at that site.   

 MW07-1A - Some of the groundwater quality changes at MW07-1A are consistent with a landfill 

influence, such as elevated chloride concentrations; however, chloride concentrations demonstrate 

a decreasing trend.  Elevated chloride in association with elevated pH (9.2 s.u.) during the initial 

stages of monitoring are possibly attributed to an influence from the grout used in well construction.  

In 2009, tritium (2.5 TU) was not elevated at this well.   

Many of the observed concentration trends at this well are consistent with a change to more 

reducing conditions.  Landfill gas monitoring at MW07-1-GP indicates elevated concentrations of 

both methane (~60%) and carbon dioxide (~40%).  Groundwater quality at this well is likely 

influenced by partitioning of landfill gas into groundwater.   
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 While increasing chloride trends have been identified in downgradient monitoring wells, few other 

constituents have been observed in downgradient groundwater at concentrations that represent a concern.  

Specific metals of interest that are being monitored and assessed are described below: 

 Selenium in groundwater is likely attributable to a combination of release from naturally occurring 

selenium in both the bedrock and surficial materials and the migration of groundwater that has been 

influenced by landfill leachate.  If selenium is introduced to groundwater from the landfill, some 

attenuation within the aquifer is likely.  This metal is only elevated at one downgradient location (OW4).   

 The observed increases in uranium groundwater concentrations may be the result of release from 

aquifer solids following an increase in alkalinity or decrease in pH.  The increase in uranium may not be 

related to migration of landfill leachate, but rather a change in the geochemical conditions that is 

attributable to the landfill.  Increases in groundwater alkalinity are attributed to both migration of landfill 

gas and groundwater that has been influenced by leachate.   

 Nickel in groundwater is likely attributable to a combination of migration of groundwater that has been 

influenced by landfill leachate and release from naturally occurring nickel in both the bedrock and 

surficial materials.  Nickel mobility is high in the groundwater pH (<7 s.u.) and redox conditions 

downgradient of the landfill.  Nickel concentrations appear to increase as pH decreases, which would 

be consistent with a decrease in sorption as pH decreases.  The coincident increase in chloride and 

nickel concentrations at OW4 suggests a source of groundwater influenced by landfill leachate. 

 Arsenic concentrations in Site groundwater are relatively low (ppb levels).  Correlations between 

arsenic concentration and other constituents therefore are difficult to discern.  Arsenic, if released from 

the landfill, is being attenuated in groundwater.  A change to more reducing conditions in groundwater 

would favour arsenic mobility.  

 

1.2 Recommendations 

 The installation of an additional monitoring well is recommended north of MW97-1 to further investigate 

groundwater flow and the rising chloride and tritium trends observed at that location; 

 Additional monitoring wells are recommended within the infilled valley to investigate the variations of 

vertical gradients measured between the overburden and the bedrock and refine the conceptual model for 

the site.  One set of monitoring wells is recommended near the centre of the infilled valley near TH9A/B, 

where upward gradients have been observed, and a second set of monitoring wells is recommended south 

of OW4, where downward vertical gradients have been observed (at nearby MW09-1A/B).  At each 

location, monitoring wells would be installed in the overburden, the upper bedrock and deeper within the 

bedrock to evaluate vertical gradients and to confirm that the hydraulic conductivity for the bedrock is 

several orders of magnitude lower than the overburden; 

 AMEC (2009) recommended the installation of a shallow monitoring well in the vicinity of the Wastech office 

to investigate the potential for eastward groundwater flow in this area.  Because information on the profile 

of the infilled valley was obtained from the 2009 seismic survey and drilling program, installation of a 

monitoring well in this location is not considered to be required; 
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 Due to the limited groundwater available for sampling at upgradient monitoring well MW306, it is 

recommended that MW309, which was also installed by CH2MHill as part of the hydrogeological 

characterization of the proposed landfill extension, be added to the 2010 monitoring well network; 

 The installation of an additional monitoring well north of the Annex is recommended to monitor groundwater 

conditions in this area.  Considering that the Annex is being constructed with a composite liner, this 

installation would be considered a “sentinel” monitoring location;  

 Continued monitoring of landfill gas, particularly at MW09-1B where valley fill materials are more permeable 

and elevated methane has been measured, is recommended.  An additional sample should be collected 

from the gas probe at this location and analysed in the laboratory for methane and ethane; 

 A vapour sample was collected from the deepest gas probe (GP3) at MW97-2 based on a recommendation 

from AECOM (2009).  Because field measurements of landfill gas are typically greatest in the shallowest 

gas probe at this location (GP1) and GP1 closest to the breathing zone, it is recommended that a vapour 

sample be collected from GP1 and analysed for VOCs.  The results should be assessed in the context of 

site-specific vapour attenuation factors; 

 Given the apparent leachability of the fly ash material and its influence on the leachate chemistry in 

Stage IV, additional efforts are required to characterize the leachability characteristics of the material by 

considering a range of constituents (i.e., major anions in addition to metals) under a broader range of 

conditions (i.e., differing pH and solid-to-solution ratios);   

 Efforts should be made to reduce the mobilization of constituents from Stage IV through the use of leachate 

evaporation ponds; and, 

 The estimates of leachate generation from the HELP modelling should be refined based on the results of 

the lysimeters planned for installation in 2010.   

 A simple mass balance calculation suggests that dust suppressant may represent a significant source of 

chloride and magnesium loading.  Further assessment is recommended to determine the migration 

potential of the dust suppressant. 
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