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V SCOPE OF MONITORING PROGRAM 

1.1 Background 
1.1.1 Baseline Groundwater Monitoring 

Groundwater-level elevations and groundwater quality at the Site were first assessed in July 1988 prior to the 

placement of any municipal solid waste.  The results were presented in Volume II (Supporting Technical 

Documents) of Golder's report on the “Cache Creek Sanitary Landfill”, dated January 1989.  A second 

groundwater sampling round was conducted immediately prior to commencement of landfilling in February 1989. 

Monitoring wells from seven locations were sampled as part of the baseline evaluation.  Well locations are 

shown on the Site Plan (Figure V-1).  A summary of the details of these wells is provided in Table V-1.  With the 

exception of TH7B and TH9B, these wells were screened in bedrock.  

TABLE V-1:  Summary of Baseline Wells 

Well Location1 Geologic Description of Screened Unit 
Baseline Monitoring 

July 1998 February 1989 

TH1A Upgradient Bedrock  x 

TH3 Upgradient Bedrock x x 

TH4 Downgradient Bedrock  x 

TH5 Upgradient Bedrock  x 

TH6 Downgradient Silty Sand and Gravel, weathered Bedrock x x 

TH7A Downgradient Bedrock x x 

TH7B Downgradient Sand with some silt and gravel x x 

TH9A Downgradient Bedrock x x 

TH9B Downgradient Fine Sand and some Silt and weathered Bedrock x x 
Notes: 
1. Wells located northwest and southeast of the Site are defined as upgradient and downgradient, respectively.  Wells TH9A and TH9B 

may not be situated along a downgradient groundwater flow path from the landfill.  Monitoring wells TH3, TH4, TH7A and TH7B have 
since been decommissioned.   

  

1.1.2 Operational Monitoring Program 

1.1.2.1 Groundwater Monitoring 

Since the start of landfilling in March 1989, water-level monitoring and groundwater sampling have been carried 
out on a quarterly basis at the Cache Creek Landfill during the months of January (Q1), April (Q2), July (Q3)  
and October (Q4).  Installation of additional monitoring wells subsequent to the start of landfill and prior to 2009 
(MW305, OW1, OW2, OW3, OW4, MW97-1, MW03-1A, MW03-1B, MW03 2A, MW03-2B, MW07-1A and MW07-
1B) expanded the spatial coverage of both upgradient and downgradient groundwater monitoring.   Monitoring 
wells MW07-1A and MW07-1B were installed in the fall of 2007 to serve as replacement wells for MW03-1A and 
MW03-1B, which were decommissioned at that time.          

During the 2009 monitoring year, the groundwater monitoring network was further expanded by the installation of 
additional monitoring wells at four locations (MW09-1A, MW09-1B, MW09-2A, MW09-2B, MW09-3A, MW09-3B, 
MW09-4A, MW09-4B and MW09-4D).  The rationale for the installation of monitoring wells at these locations is 
presented in Section 1.2.1.   
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Monitoring wells MW305 and TH10, which once served as upgradient wells, were decommissioned during the 

2009 monitoring year to make way for the construction of the Annex.  Monitoring wells MW306 and MW307, 

which were installed upgradient of the Annex by CH2MHill (2009) as part of the hydrogeological characterization 

of the proposed Landfill Expansion were added to the monitoring well network as upgradient monitoring locations 

commencing in Q1 of 2009. 

The period of groundwater sampling for each well is summarized in Table V-2. 
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TABLE V-2: Period of Monitoring for Groundwater Monitoring Wells  

Well Period of Groundwater Monitoring (Year) 

  1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Upgradient Wells 

TH1A x x x x x x x x x x x x x x x x x x x x x 

TH3 x x x x x x x x x x x 

TH4,TH5 x 

MW305 x x x x x x x x x x x x x x x 

MW306 x 

MW307 x 

Downgradient and Crossgradient Wells 

TH6, TH9A, TH9B x x x x x x x x x x x x x x x x x x x x x x 

OW1, OW2 x x x x x x x x x x x x x x x x x x 

OW3 x x x x x x x x x x x x x x x x 

OW4 x x x x x x x x x x x x x x x x x x x x x 

MW97-1 x x x x x x x x x x x 

MW03-1A x x 

MW03-1B x x x x x 

MW03-2A x x x x x x 

MW07-1A x x 

MW07-1B x x 

MW09-1A x 

MW09-1B x 

MW09-2A x 

MW09-2B x 

MW09-3A x 

MW09-3B x 

MW09-4A x 

MW09-4B x 

MW09-4D x 
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1.1.2.2 Gas Monitoring 

Field monitoring of landfill gases has been conducted on a quarterly basis by Golder at locations outside of the 

landfill since January 1992 to assess the potential for off-site migration of landfill gas.  During the 2009 

monitoring year, a new gas probe (TH1-GP) was installed upgradient of the landfill adjacent to monitoring well 

TH1A/B.  The results of the quarterly monitoring for 2009 are presented in Appendix X, focusing on the longer 

term LFG concentration trends in the monitoring wells. 

Wastech initiated its landfill gas (LFG) management system on April 22, 1997.  Field monitoring of the LFG 

management system has been carried out since that time by Wastech.  Appendix III presents an assessment of 

these monitoring results. 

 

1.1.2.3 Sump Monitoring 

The start of landfilling of Stages I, II, III and IV of the landfilling program were the Fall 1989, Fall 1991, Fall 1993 

and Spring 2003, respectively.  Sumps 1, 2, 3 and 4 collect leachate from their respective landfill Stage 

(Figure V-1). 

Chemical analysis of landfill leachate collected at the sumps is a component of the quarterly monitoring program.  

Sump leachate monitoring was initiated at Sumps 1 and 2 in August 1992.  Sump 3 leachate monitoring was 

initiated in May 1996.  Sump 4 was installed on June 29, 2002 and monitoring of leachate from Sump 4 

commenced once liquid was observed, starting in April of 2004.  

Up to and including 1999, samples of leachate were obtained directly from the discharge pipe of the sump pump.  

Commencing in 2000, samples were obtained from the leachate holding tanks by first removing most of the 

contents of the leachate holding tanks, resuming pumping of the leachate into the sump, and sampling from the 

tank.  During the 2009 monitoring year, a tap was installed in the discharge line of Sump 2 to facilitate leachate 

sampling prior to its entry into the sump tank and independent of any treatment or disposal schedule.  Taps in 

the discharge line at the other sumps are scheduled to be installed in 2010.  The results of the sump monitoring, 

including the volumes removed and the geochemical results, are contained in Appendix VIII. 

 

1.2 Scope of 2009 Program 
The locations of the monitoring sites that comprise the 2009 groundwater and gas monitoring network, including 

monitored off-site structures, are shown in Figure V-1.   

 

1.2.1 Additional Work Undertaken in 2009 

In addition to the water level monitoring, groundwater sampling and gas monitoring that comprise the regular 

monitoring program (described below in Sections 1.2.2 through 1.2.4), additional tasks were undertaken during 

the 2009 year to address recommendations from the 2008 annual report and third party reviews conducted by 

AMEC Earth and Environmental (2009) and AECOM Canada Ltd (2009).  These tasks consisted of geophysical 

surveying, the installation and testing of additional monitoring wells and gas probes, characterization of the fly 

ash material deposited in Stage IV, a geochemical assessment and a water well inventory. 
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1.2.1.1 Geophysical Surveying    

Seismic refraction surveys were conducted in the Fall of 2009 to estimate the properties of the subsurface 

formations.  Specifically, seismic surveying assisted with mapping the profile of the bedrock surface and 

identifying areas where the bedrock surface could be weaker. 

Seismic lines were run approximately parallel to the north and south property boundaries of the landfill site to 

assist with the siting of new monitoring wells in those areas.  The primary purpose of the survey lines was to 

identify potential depressions or weaker areas in the bedrock profile where groundwater flow could potentially be 

directed, so that the monitoring wells could be installed in those areas. 

Seismic lines were also run east and approximately parallel to the Trans Canada Highway to map the bedrock 

profile along the inferred axis of the infilled valley.  Additional seismic lines were run in east-west directions in the 

area of the infilled valley to the top of the break in slope associated with the Bonaparte River to provide a more 

complete picture of the profile of the infilled valley. 

Installation of Additional Monitoring Wells and Gas Probes and Decommissioning of Monitoring Wells in Annex   

New monitoring wells were installed at the site during the 2009 year in a two-phased drilling program. 

In February 2009, monitoring wells were installed within the infilled valley downgradient of the landfill, near OW2.  

The purpose of these wells was to provide additional monitoring points within the buried channel to ensure 

groundwater conditions between the landfill and OW4 are fully characterized and to provide further assessment 

of potential downgradient groundwater effects.  Monitoring wells MW09-1A and MW09-1B were installed east of 

the Trans Canada Highway in the centre of the buried channel at a distance approximately 22 m northeast of 

OW2.  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.  At each of the locations, monitoring wells were screened within bedrock (A) and the overlying 

material (B) in separate boreholes.  Gas probes (GP) were installed within the unsaturated surficial sediments. 

A second phase of drilling was conducted in November 2009 to facilitate the installation of monitoring wells at 

two additional locations.  Monitoring wells MW09-3A and MW09-3B were installed north of the landfill between 

monitoring well MW97-1 and Stage III.  The purpose of these wells was to investigate the rising chloride 

concentrations that have been observed north of the landfill at monitoring well MW97-1.  Monitoring wells MW09-

4A, MW09-4B and MW09-4D were installed south of the landfill approximately mid-way between TH5 and OW2.  

The purpose of these wells was to investigate whether a component of groundwater flow is directed southeast 

from Stage IV.  At each of the locations, monitoring wells were screened within the 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 

bedrock to allow for hydraulic testing of the deep bedrock at that location.  At each monitoring location (MW09-3 

and MW09-4), gas probes (GP) were also installed within the unsaturated surficial sediments.   

During the November 2009 drilling program, a gas monitoring probe was also installed in the unsaturated 

sediments adjacent to upgradient monitoring well TH1A/B. 

Monitoring wells TH10 and MW305, which once served as upgradient monitoring wells, were decommissioned in 

November 2009 to make way for the construction of the new Annex. 
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1.2.1.2 Monitoring Well Testing 

Following installation of the newly installed monitoring wells, the wells were developed to remove sediment and 

water altered by the drilling process.  All new wells were subject to response testing to provide estimates of 

hydraulic conductivity.  Response testing was also carried out on select existing monitoring wells to assess 

whether a reduction in bedrock permeability may have occurred at these locations due to the formation of 

precipitates, as suggested in AMEC’s third party review (AMEC, 2009).   

The newly installed monitoring wells were surveyed and water-level monitoring was undertaken to provide 

additional information concerning groundwater flow directions and velocities.  The newly installed monitoring 

wells were sampled for the same suite of parameters as the existing monitoring well network, as described in 

Section 1.2.3. 

 

1.2.1.3 Fly Ash Characterization 

During the 2009 monitoring year, laboratory analysis was conducted on the fly ash material discharged in Stage 

IV of the landfill.  The purpose of this analysis was to assist with the development of a conceptual model for the 

evolution of leachate chemistry in Sump #4. 

In the laboratory, the samples of fly ash material were mixed with de-ionized water (using a 20:1 solution to solid 

ratio) and the resultant leachate was analysed for the standard suite of leachate indicator parameters and tritium 

for characterization purposes.  Samples for VOC analysis were derived by mixing the fly ash material with a 

lixiviant characterized by a pH of 2.9 using the USEPA method 1311 for toxicity characteristic leaching 

procedure (TCLP).   

 

1.2.1.4 Geochemical Assessment 

A geochemical assessment was undertaken during the 2009 monitoring year to supplement the annual 

interpretation of groundwater quality.  Geochemical modeling was conducted to update the conceptual model of 

the landfill.  Samples of bedrock and overburden collected from the screened intervals during the 2009 drilling 

programs were characterized using laboratory analysis.  The purpose of these analyses was to investigate the 

relationship between groundwater chemistry and the native sediment/bedrock materials.        

Two samples from the screen intervals of each of the 2009 monitoring wells were subjected to the following 

solids analyses: 

  Elemental Analysis (ME-MS61 Method) for major ions and trace metals;  

  Total organic carbon (TOC) content; and, 

  Quantitative X-ray diffraction (XRD) for relative percentages of minerals.  
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A subset of these samples was subjected to stereobinocular analysis for petrographic characterization. 

One sample from the screen interval of each of the four bedrock monitoring wells was also subjected to Tessier 

Sequential Extraction (TSE).  The sequential extraction test consists of exposing a bedrock sample to a series of 

increasingly strong reagents (primarily acids) to dissolve targeted solid phases.  Each extraction step dissolves 

one targeted type of solid phase (e.g. carbonates or oxide coatings), leaving the other solid phases intact.  The 

leachate from each extraction step is analysed for selected metals  (Sb, As, Cr, Fe, Mn, Ni, Se, Al, U, Mo, Cu, V, 

Zn, Pb, and Ca).  The amount of a particular constituent liberated at a given step is considered to be associated 

with the targeted solid phase.  The TSE method was modified to include an initial leaching of the rock samples 

with deionized water. 

 

1.2.1.5 Water Well Inventory 

A search of the water well registry maintained by the BC Ministry of Environment was carried out to identify 

water wells within a two kilometer radius of the landfill.   

 

1.2.2 Groundwater-Level Monitoring 

Quarterly groundwater-level monitoring in 2009 was conducted at all existing monitoring well locations:  TH1A, 

TH1B, TH5, TH6, TH9A, TH9B, TH10, OW1, OW2, OW3, OW4, MW305, MW97-1, MW07-1A, MW07-1B, 

MW03-2A, MW03-2B, MW306 and MW307. Monitoring wells MW09-1A, MW09-1B, MW09-2A and MW09-2B 

were added to the above list during the second quarter following installation.  Monitoring wells MW09-3A, MW09-

3B, MW09-4A, MW09-4B and MW09-4D were not installed until after the fourth quarter groundwater-level 

monitoring round was completed.  However, groundwater-levels at these locations were measured during the 

first quarter of the 2010 monitoring program. 

Commencing in Q3 of 2009, gas probes, which were typically screened above the water table in the unsaturated 

zone, were checked for the presence of water.     

 

1.2.3 Water Quality Monitoring 

The 2009 water quality monitoring program for the landfill was based on the requirements outlined in the 2005 

Operations and Closure Plan (dated March 29, 2006) and recommendations from the 2007 and 2008 annual 

monitoring reports.  A summary of the chemical parameters analysed and the sampling frequency for 2009 is 

presented below.   

 

1.2.3.1 Field Analysis 

On-site determination of the following parameters was conducted by Golder personnel during each sampling 

event: 
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 Temperature; 

 pH; 

 Conductivity; 

 Dissolved Oxygen (DO); and,  

 Redox. 

 

Field alkalinity tests were also performed during the third and fourth quarter sampling events in 2009. 

 

1.2.3.2 Inorganic and Physical Parameter Analysis 

Inorganic and physical parameter analysis was performed by CANTEST Ltd. of Burnaby, BC.  The analyte suite 

is listed below: 

 pH; 

 Conductivity; 

 Hardness; 

 Total dissolved solids (TDS); 

 Total suspended solids (TSS); 

 Alkalinity (Total, Bicarbonate and Carbonate); 

 Major anions (Cl, F, SO4 and S); 

 Major cations (Ca, Mg, Na and K); 

 Nutrients (nitrogen and phosphorus species); 

 Total organic carbon (TOC);  

 Chemical oxygen demand (COD); 

 Biochemical oxygen demand (BOD); and, 

 Dissolved metals and metalloids (Al, Sb, As, Ba, Be, B, Cd, Cr, Co, Cu, Fe, Pb, Li, Mn, Hg, Mo, Ni, Se, Ag, 

Tl Ti, U, V, Zn). 
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The frequency of sampling for inorganic and physical parameter analysis is summarized below.   

 

1.2.3.3 Quarterly Sampling 

 Upgradient wells installed by others – MW306 and MW3071 

 Downgradient Wells - TH6, OW1, OW2, OW4, MW07-1A, MW07-1B and MW03 2A2 ;  

 Cross-gradient Well – MW97-13; and, 

 Landfill Leachate – Sump 1, Sump 2, Sump 3 and Sump 4. 

 

1.2.3.4 Semi-Annual Sampling (Q2 and Q4) 

Upgradient Wells - TH1A and MW305 

 

1.2.3.5 Annual Sampling (Q4) 

 Downgradient Wells – OW34, TH9A and TH9B. 

 

In addition, newly installed downgradient monitoring wells MW09-1A, MW09-1B, MW09-2A and MW09-2B were 

sampled following installation in Q2, Q3 and Q4 of 2009 and newly installed cross-gradient wells MW09-3A, 

MW09-3B, MW09-4A and MW09-4B were sampled following installation in Q4 of 2009.  Monitoring well MW09-

4D was not sampled in Q4 of 2009 because the well was still equilibrating in response to development efforts 

following its installation.    

Insufficient water was available at MW97-1 and MW03-2A during some sampling events to analyze the entire 

analytical suite.  Similarly, insufficient water was present in MW306 in Q1 to analyse the entire analytical suite 

and no water was present at that location for sampling in Q2, Q3 and Q4 of 2009.  No water was present in 

monitoring well MW03-2B during the 2009 monitoring year to allow sampling at that location.   

Sump 1 and Sump 2 were not sampled during the second quarter in 2009 due to operational constraints, as 

described below in Section 1.3.9.  

 

                                                      
1 These wells were added to the 2009 monitoring program based on a recommendation in the 2008 annual report. 
2 MW03-1B was decommissioned in 2007 and is therefore no longer part of the monitoring program.  MW07-1A and B were added to the monitoring well network in 2007. 
3 The frequency of monitoring at MW97-1 was increased from semi-annually to quarterly commencing in 2008 due to the rising chloride observed at that location. 
4 The frequency of monitoring at OW3 was reduced from semi-annually to annually in 2008 following the installation of nearby monitoring wells MW07-1A and B. 
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1.2.3.6 Volatile Organic Compound (VOC) Analysis 

Volatile organic compound (VOC) analysis was conducted by ALS Environmental of Vancouver, BC and 

consisted of analysis for halogenated and non halogenated VOCs (including 2-butanone) in accordance with 

U.S. EPA method 624/524 and 5030/8240.     

Generally, monitoring of groundwater and sump VOCs occurred at a lesser frequency than inorganic analysis.  

VOC analysis was conducted for the following locations during both the 2nd and 4th quarter monitoring:  TH1A, 

MW305, MW97-1, TH6, OW1, OW2, OW4, MW07-1A, MW07-1B, MW03-2A. Additionally, during the Q4 

sampling round, VOC monitoring was conducted at TH9A, TH9B, OW3 and MW3075 .  During the Q2 sampling 

round, routine VOC analysis was conducted at Sump 3 and Sump 4 and during the Q4 sampling round, all four 

sumps were analyzed for routine VOC analysis.  

 

1.2.3.7 Isotope Analysis 

Isotopic analysis was conducted annually on Q4 samples collected from all four sumps and all monitoring wells, 

with the exception of TH9A/B, which is to be sampled every five years, with the next sampling interval scheduled 

for 2010.   

Samples for enriched tritium (3H) analysis were submitted to the Environmental Isotope Laboratory (EIL) at the 

University of Waterloo (UW) in Ontario. 

 

1.2.4 Gas Monitoring 

A summary of the locations where gas monitoring was carried out at on a quarterly basis in 2009 is presented in 

Table V-3.  Monitoring locations where gas probes (GP) are present consist of slotted PVC pipe that is screened 

within the unsaturated surficial sediments for the purpose of landfill gas monitoring.  The other monitoring 

locations represent groundwater piezometers (wells) that are also used for gas monitoring. 

TABLE V-3:  Gas Monitoring Locations 

TH1A-Well OW2-GP2 MW305-GP2 MW03-2GP 

TH5-Well OW3-GP *MW97-1-GP MW03-2A 

TH6-Well OW3-Well *MW97-1-Well MW03-2B 

*OW1-GP1 OW4-GP MW97-2-GP1 MW07-1GP 

*OW1-GP2 OW4-Well *MW97-2-GP2  

OW2-GP1 MW305-GP1 MW97-2-GP3  

* Monitored by Wastech for landfill gas as part of the operational monitoring of the LFG management system. 

 

                                                      
5 Insufficient water was available for VOC sampling at MW307 in Q2 of 2009 



  

APPENDIX V 
Scope of Monitoring Program 

 

April 29, 2010 
Project No. 09-1435-0804 11 

 

In addition to the four quarters of gas monitoring conducted in 2009, an additional round of gas monitoring was 

conducted in December 2009.  

Newly installed gas probe monitoring locations MW09-1GP and MW09-2GP were added to the gas monitoring 

program commencing in Q2 of 2009, while newly installed gas monitoring locations TH1GP, MW09-3GP and 

MW09-4GP were added to the gas monitoring program commencing in the supplementary December gas 

monitoring round. 

In addition to the quarterly gas monitoring, the gas extraction wells that comprise the LFG management system, 

the sumps, and the monitoring locations listed above that are flagged with an asterisk were monitored by 

Wastech for landfill gas as part of the operational monitoring of the LFG management system. 

Gas measurements were also taken within off-site structures on a quarterly basis to determine whether landfill 

gas had migrated to these areas.  Monitoring was conducted at the Wastech office, the shop, the truck-wash 

located east of Highway 1 and the crawl space of the trailer at the Casadio & Son Holding Co Ltd. facility 

(Figure V-1). 

Monitoring consists of obtaining pressure measurements using a manometer and measuring for methane, 

oxygen, carbon dioxide and hydrogen sulphide using landfill gas monitors.  The quarterly monitoring also 

includes measurements for total organic vapours using an organic vapour monitor (OVM). 

Following the Q4 gas monitoring event, a gas sample was collected from MW09-1GP on November 8, 2009 and 

submitted to the analytical laboratory for methane and ethane analysis.  A gas sample was collected from 

MW97-2-GP3 on February 4, 2010 and submitted to the analytical laboratory for VOC, methane and ethane 

analysis.    

 

1.3 Field Methods 
1.3.1 Geophysical Survey 

Seismic refraction surveying was carried out over the period of October 9 through 12 and October 28 through 

November 6.  During the surveying, eight seismic refraction profiles were acquired within and adjacent to the 

Wastech property in Cache Creek, BC, covering nearly 3 line-km.  Weather during the surveys was mostly fair. 

Three different seismic sources were used, depending on bedrock depth and noise level:  a 15 lb sledge 

hammer, 8 gauge shotgun rounds (400 grain), and dynamite (approximately 0.12 to 1.2 kg shots at sufficient 

distance from infrastructure).  Shotpoints where the seismic gun or dynamite was used were first checked for 

buried utilities using a pipe/cable locator after review of available utility plans. Data were recorded on a 

Geometrics Geode floating-point digital seismograph in 24- or 48-channel configuration.  Survey resolution and 

coverage requirements were optimized by using a 5 to 10 m geophone spacing.   

The site was relatively quiet with limited amount of ambient vibration with the notable exception of the area near 

the TransCanada Highway where heavy traffic generated a high level of noise and occasional truck noise from 

the wood chip haul road.  To ensure quality seismic data near the highway, recording was attempted during 

breaks in traffic and explosives were used for some shotpoints. 
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Prominent landmarks along each profile were noted, including test holes, survey benchmarks and significant 

changes in slope.  Observed bedrock outcrop was also noted near the seismic lines and mapped using by GPS, 

together with topographic contour maps.  Approximate slope measurements, by hand-held inclinometer, 

provided topography for the seismic modelling.  Endpoints of the seismic lines were marked with stakes, position 

along the lines was measured by chaining, and line locations were recorded using differential GPS (Trimble 

ProXRS). 

Resulting seismic data were analysed using either first-arrival travel-time tomography (Rayfract software from 

Intelligent Resources) or time-term based modelling (SIP from Rimrock Geophysics). 

 

1.3.2 Drilling and Monitoring Well Installation 

Monitoring wells were installed southeast of the landfill (MW09-1A/B and MW09-2A/B) over the period of 

February 2 through 8, 2009 and north (MW09-3A/B) and south (MW09-4A/B/D) of the landfill during the period of 

November 18 through 28, 2009.  Drilling was conducted using a truck-mounted Sonic drilling rig owned and 

operated by Mud Bay Drilling Co. Ltd under the inspection of Golder.  

At each drilling location, the shallow and deep monitoring wells were installed in two separate boreholes.  

Boreholes were advanced using a 127 mm (4-inch) diameter casing which allowed for the retrieval of continuous 

cores for examination, borehole logging and sampling.  At each of the drilling locations, the first borehole was 

drilled through the unconsolidated sediments into the weathered upper portion of the bedrock.  A monitoring well 

was then installed with the screen in the weathered upper portion of the bedrock (and given an “A” designation).  

Each monitoring well was constructed of 51 mm (2-inch) diameter PVC with either a 1.5 m or 3 m length of well 

screen.       

The second borehole at each drilling location was drilled immediately adjacent to the first borehole and just into 

the top of the weathered bedrock to verify the depth.  The second monitoring well was then installed with the 

screen in the unconsolidated sediments immediately above the bedrock.  The shallower monitoring well installed 

in the unconsolidated sediments was given the designation ‘B’. 

In the case of monitoring wells MW09-2B and MW09-3B, subsequent testing of geological materials retrieved 

from the screened intervals indicated that materials that appeared to be unconsolidated during borehole logging 

were, in fact, weathered bedrock that had been broken up during the drilling process.  As a result, MW09-2B and 

MW09-3B were screened in the upper portion of highly weathered bedrock, while MW09-2A and MW09-3A were 

screened in deeper, more competent bedrock.  

At MW09-4, located south of the landfill, a third borehole was drilled deep into the bedrock to facilitate the 

installation of a deep monitoring well (designated with a “D”) into competent bedrock.      

Gas probes were installed in the unconsolidated sediments above the water table in the same boreholes as the 

shallower monitoring wells at each of the four drilling locations.  The gas probes were constructed of 1-inch 

diameter PVC with either a 1.5 or 3 m length of well screen.  The gas probes were given the designation ‘GP’. 
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Clean silica sand packs were placed around each screen.  A bentonite seal was placed above the sand pack 

associated with the monitoring well and below the sand pack associated with the gas port.  Once the filter pack 

associated with the gas port was placed, the well was grouted to ground surface.  Monitoring wells were 

completed above ground surface with locking steel casings and a concrete surface seal. 

 

1.3.3 Monitoring Well Decommissioning 

Monitoring wells MW305 and TH10 were decommissioned on November 18 and 19, 2009.  The monitoring wells 

were over-drilled to remove the former well casings.  The boreholes were then filled with grout to ground surface. 

 

1.3.4 Well Development, Response Testing and Surveying 

Following installation, each new monitoring well was developed prior to sampling to remove sediment and water 

altered by the drilling process.  This involved first measuring the depth to groundwater in each monitoring well 

and calculating the volume of standing groundwater in the well.  Five times the standing volume was then 

removed.  If the monitoring well went dry prior to removing five times the standing volume of water, then the 

monitoring well was purged dry from one to three times. 

Response testing of the newly installed monitoring wells was conducted in February and March of 2009 and 

February 2010 to provide estimates of hydraulic conductivity.  Response testing was also carried out at existing 

monitoring wells OW1, OW2, OW4, MW03-2A, MW07-1A, TH1A and TH6 as part of this program.  Data were 

collected with a pressure transducer programmed to record pressure at regular intervals supplemented by 

manual measurements using a water level meter.  Before each test, the pressure transducer was lowered into 

the well, and the water level in the well was allowed to stabilize.   

Where the screen in the well has found to be fully saturated, falling head single well response tests were 

conducted by inserting a solid slug into the well, and monitoring the subsequent recovery of the water level 

within the well.  Where the well screen was partially saturated, rising head single well response tests were 

conducted by withdrawing a known amount of water from the well, and monitoring the subsequent recovery.       

The top of each PVC monitoring well and the ground surface at the well casing were surveyed by TRUE 

Consulting Group so that the relative elevations between the old and new monitoring wells could be established. 

 

1.3.5 Fly Ash Sampling 

Samples of fly ash samples were collected at the landfill on July 13, August 1 and October 7, 2009 and 

submitted to the analytical laboratory.  Leachate extracted from the samples by the laboratory was subsequently 

tested for the standard suite of leachate parameters, together with VOCs and dissolved methane and ethane.  

The samples were collected shortly after being deposited in Stage IV at the landfill.  The samples were collected 

from below the upper 10 cm of fly ash in the pile by scooping samples into clean soil jars using a trowel.  The 

jars were sealed, placed in coolers with ice packs and sent to the laboratory for analysis. 
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Subsequent samples of fly ash material were collected on February 11, 12 and 16, 2010 using the same 

methodology.  Leachate extracted from the samples by the laboratory was tested for tritium.  

 

1.3.6 Water-Level Monitoring 

Water-level monitoring was carried out at all monitoring well locations prior to each groundwater sampling event.  

An electronic probe, designed to respond when immersed in water, was used to take the measurements.  Each 

measurement was recorded from the top of the outer protective steel casing of the monitoring well.  In order to 

minimize risk of cross contamination with the probe between wells, the instrument was cleaned before each 

measurement.  The procedure entailed washing the probe with a Sparkleen soap and water solution, rinsing with 

deionized water and drying with a clean paper towel. 

In addition to monitoring the water level in each monitoring well, the water level was measured in each gas 

probe.  The same procedure used to take measurements in the monitoring wells was followed with the gas 

probes. 

 

1.3.7 Groundwater Sampling 

Prior to groundwater sampling, all monitoring wells, with the exception of TH1A, OW3, MW97-1 and MW03-2A, 

were purged of three standing well volumes or purged until field indicator parameters at that location stabilized.  

Due to the limited sample volumes and slow recovery at TH1A, OW3, MW97 1 and MW03 2A, these wells were 

purged dry one to three times before sampling. 

The majority of the monitoring wells (TH1A, TH6, TH9A, TH9B, OW-1, OW-2, OW-4, MW305, MW07-1B, MW09-

1B, MW09-2B, MW09-3A and MW09-4A) were purged and sampled for physical and inorganic parameters using 

dedicated lengths of 16 mm outer diameter (OD) high density polyethylene (HDPE) tubing with attached 

Waterra™ foot valves.  A portable Waterra™ Hydrolift pump was attached to the Waterra™ tubing at ground 

surface to assist with the purging and sampling of some of the deeper wells. Due to the limited volumes of 

groundwater available for sampling in monitoring wells MW97-1, MW03-2A, MW09-3B and MW09-4B, these 

wells were sampled using disposable weighted teflon bailers.  The teflon bailers were slowly lowered down the 

wells using string attached to a water-level indicator.  The string and disposable teflon bailers were replaced 

between each sampling location.  Due to the depth of the well being beyond the capacity of the Waterra™ 

system, monitoring well MW07-1A, MW09-1A, MW09-2A and MW09-4D were also purged and sampled using a 

weighted Teflon bailer. 

Sampling for VOCs was carried out using the “tubing in tubing” method.  At each monitoring location a 2-meter 

long section of ¼ inch (6 mm) HDPE tubing was lowered inside the polyethylene tubing to a depth of 

approximately 2 m.  The flow rate on the Waterra™ Hydrolift pump was used to fill the ¼ inch tubing slowly and 

then shut off, which produced a steady column of water within the tubing.  This method minimizes sample 

exposure to the atmosphere and turbulence of the water column within the well. 

Field indicator parameters including pH, temperature, dissolved oxygen, specific conductivity and redox were 

recorded during the purging process at all well locations. All parameters were measured using a YSI 556 multi-

parameter system (YSI).  The pH probe was calibrated using 2 solutions of either pH 10, pH 7 or pH 4 prior to 
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use.  The specific conductivity probe was calibrated to 1413 us/cm at 25 °C prior to use.  Dissolved oxygen in 

water was calibrated using distilled or de-ionized water and was reported in percent dissolved oxygen (DO%) or 

milligrams per litre (mg/L).  Redox probes were measured against standard 240 mV solutions to check for 

variation.  Calibrations of all parameters were conducted every morning on site.  Parameters measured in the 

field were compared with results from previous rounds on site.  In the event of a discrepancy the probe was 

bumped in the field using calibration solution for the specific parameter and re-calibrated if necessary.   

Field alkalinity testing was performed during Q3 and Q4 in 2009.  The alkalinity was measured using the 

colourmetric method.  This required the filtering of a known volume of groundwater sample into a flask.  Five 

drops of bromcresol-green was then added to the known volume of groundwater and turned the water a blue 

colour.  The solution was then titrated with sulphuric acid until a rich pink colour change was reached.  Using the 

volume of groundwater sampled, the titrated volume and the normality of the sulphuric acid, the alkalinity was 

calculated. 

Sulphide samples were preserved using two different methods in 2009.  In Q1 and Q2, sulphide was preserved 

using only zinc acetate as outlined in Method X031 of the BC Laboratory Manual (2005).  In Q3 and Q4, NaOH 

was added as a second preservative in addition to zinc acetate in accordance with the US EPA Method 376. 

Groundwater samples were collected in Q3 and Q4 of 2009 for laboratory analysis of dissolved methane and 

ethane, using 40 mL glass vials with Teflon faced rubber septas. 

A surface water sample was collected from upgradient of the landfill on January 18, 2010 for tritium analysis.  

The sample was collected by simply lowering the 1 L plastic bottle below the surface of the water until filled. 

Groundwater samples were collected after the purging process was complete using the following bottle types 

and corresponding preservatives.  Not all the constituents noted below were analyzed at each sampling quarter 

and/or location: 

TABLE V-4:  Sampling Containers and Preservation 

Container Size Container Type Preservation Parameters Analyzed 

2 L Plastic None Physical Parameters, Anions 

1 L Plastic None BOD 

1 L Plastic NaOH Cyanide 

500 mL Plastic H2SO4 Nutrients, COD 

250 mL Amber Glass NaOH, Zinc Acetate Sulphides 

250 mL Plastic (Acid Washed) HNO3 Dissolved Metals 

250 mL Amber Glass HCl TOC 

100 mL Amber Glass BrCl Dissolved Mercury 

40 mL Glass CuSO4 VOCs 

40 mL Glass None Methane/Ethane 

1 L Plastic None Isotopes 
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Water sampled for dissolved metals was passed through a disposable in-line filtering apparatus containing a 45 

micrometre membrane, and poured into a 250 mL plastic bottle.  Samples were acidified with nitric acid (HNO3) 

to prevent metals from precipitating out of solution.  Water sampled for volatile organic compounds (VOCs) 

analysis was collected, in duplicate, in 40 mL glass vials with Teflon faced rubber septas.  After collection, vials 

were examined for the presence of trapped air bubbles and any samples found to contain trapped air were re-

collected.  VOC samples were collected prior to all other constituents to minimize agitation of the groundwater 

and loss of volatiles.  Following sample collection, groundwater samples were stored in coolers with ice until 

shipment to the analytical laboratory. 

In order to assess the validity and quality of the laboratory analyses, one blind duplicate was submitted for 

analysis for each constituent per quarter. 

 

1.3.8 Gas Monitoring 

Field monitoring of wells and gas probes for landfill gas was conducted using two methods in 2009.   

Concentrations of landfill gas that could be accumulating over time at the base of the gas probes were measured 

by taking measurements at the base of the gas probes.  This was accomplished by attaching a 3 m length of 

Teflon tubing to the end of the Landtec GEM 2000 Plus (Landtec) and purging the gas probe or monitoring well 

while it was exposed at surface to atmosphere.  During purging, field screening for landfill gases and the 

measurement of pressure in the well relative to atmospheric pressure was conducted using the Landtec.  The 

Landtec measures percent methane, oxygen and carbon dioxide gas, parts per million of hydrogen sulphide and 

carbon monoxide.  Using the Landtec, all of the landfill gases of interest could be measured directly from the gas 

probe or monitoring well.  During purging, the peak concentration of each parameter was documented.  If the 

concentrations were still increasing following 1 minute of purging, the concentrations at 1 minute were used. 

Following the down-hole measurements, concentrations of landfill gas considered representative of those 

migrating through the geological formation were estimated by measuring gas concentrations at the top of the gas 

probe or monitoring well by sealing the probe from the atmosphere.  This involved placing a PVC cap fitted with 

teflon tubing or a “quick-connect” sampling port at the top of each probe.  The Landtec was used to purge the 

well for a five minute period.   Purging was performed to ensure that the gas reading was representative of the 

gas present in the soil formation.  Following purging, the same landfill gas parameters evaluated using the 

down-hole method were measured again.  

For measurement of organic vapours, a SKC pump is used to fill a Tedlar bag from which a Mini Rae 

photo-ionization detector (Mini Rae) measurement was taken.  This allowed the Mini Rae, which has a weaker 

pump than the Landtec, to draw vapours in at a steady flow rate.  

The field instruments used to measure the gas concentrations are listed below. 

 Landtec GEM 2000 Plus Gas Analyzer:  This instrument is designed for landfill gas monitoring and can 
withstand a strong vacuum (up to 70 inches of H2O). It uses an infrared sensor to measure methane, 
oxygen, carbon dioxide, hydrogen sulphide and carbon monoxide concentrations as percent by volume and 
uses an electrochemical cell to measure oxygen.  The measurement range for the gases is 0 to 100% for 
methane, 0 to 25% for oxygen, 0 to 50% for carbon dioxide, 0-200 ppm hydrogen sulphide, and 
0-2000 ppm carbon monoxide.  The instrument was calibrated in the field before the field work 
commenced, and continually checked against the calibration gas to ensure accurate readings.   
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 Mini Rae Photoionization Detector (Mini Rae):  The Mini Rae utilizes photoionization to measure the 

concentrations of total organic vapours.  The Mini Rae was calibrated to 100 ppm isobutylene. The Mini 

Rae was used to measure the concentration of other organic vapours which may be produced in the landfill. 

The instrument was calibrated in the field before the field work commenced, and continually checked 

against the calibration gas to ensure accurate readings.  

 

In addition to the quarterly gas sample, selected monitoring wells were sampled for landfill gas and the samples 

were analysed for methane and ethane and a suite of VOCs.  The samples were collected using Summa 

canisters.  The Summa canisters were prepared by the laboratory and evacuated to a negative pressure of -

30 inches of Hg.  The Summa canister was either attached at the top of the gas probe to the fitted PVC cap and 

quick connect sampling port using a short length of Teflon tubing or to a 3 m length of Teflon tubing that was 

inserted down the gas probe or monitoring well to get a down well sample.  The valve on the Summa canister 

was then opened and the canister was allowed to fill with landfill gas until it had a pressure of -5 inches of Hg.  

The Summa canister was then shipped to the laboratory. 

 

1.3.9 Landfill Sump Monitoring 

Sampling of liquids from the sumps is facilitated by the presence of underground storage tanks adjacent to each 

of the sump manholes.  The tanks associated with Sumps 1, 2, 3 and 4 are 4000 gallons, 2000 gallons, 7000 

gallons and 7000 gallons in size, respectively.  Liquid samples were collected in 2009 using one of two methods.   

In 2008, Wastech installed a tap in the discharge line before the storage tank of Sump 2 so that an unaltered 

sample could easily be obtained.  In 2009, all samples were collected from Sump 2 by inserting ¼-inch 

polyethylene tubing into the end of the tap and removing leachate using by connecting the tubing to a peristaltic 

pump.  Additional in-line taps are scheduled to be installed at the remaining three sumps in 2010.  The in-line 

taps will increase the overall efficiency of the leachate sampling and allow it to occur independent of and 

leachate disposal or treatment schedules. 

Samples were collected from Sumps 1, 3 and 4 directly from the tanks by lowering weighted ¼-inch polyethylene 

tubing to approximately 40-50 cm above the bottom of the tank.  The tubing was then connected to a peristaltic 

pump.  Generally, the tanks were emptied one week prior to sampling, to ensure sampling of fresh liquid.  

Samples were not collected from Sumps 1 and 2 during Q2 because the pumps that deliver leachate to the 

storage tanks were not operating at the time.  Leachate could not be collected from the storage tanks because 

they had already been emptied the week earlier in anticipation of the sampling event. 
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