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1.0 INTRODUCTION 

Golder Associates Ltd. (Golder) was retained by the Regional District of Central Okanagan (RDCO) to update the 

Landfill Monitoring Program currently undertaken at the Westside Landfill (the Site), located in West Kelowna, BC 

(Figure 1). The objective of this work is to provide updates to the Landfill Monitoring Program for the Westside 

Landfill to reflect revisions to the landfill gas monitoring program and groundwater monitoring and sampling 

program. This report should be read in conjunction with the 2013 Landfill Gas Management Plan, 2014 Updated 

Landfill Monitoring Program, and 2015 Closure Plan prepared for the Site.  

 

1.1 Background 

Westside Landfill was operated as a municipal solid waste landfill under Operational Certificate (OC) PR#12217 

(Appendix A) issued by British Columbia Ministry of Environment and Climate Change Strategy (ENV). Westside 

Landfill ceased receiving waste in 2010 and was partially covered. A Closure Plan was developed (Golder 2015) 

and was accepted by the ENV, as confirmed in a letter dated 6 September 2017 (Appendix A). The closure works, 

which included earthworks, drainage works and the placement of topsoil, were completed in 2018 under the 

supervision of Urban System Ltd. (USL); the USL construction drawings were provided in the 2018 Annual Report 

(Golder 2019). The Site closure works were finalized on 7 November 2018 with the completion of the seeding and 

fertilizing activities on the landfill footprint. 

Monitoring of the Site was carried out as initially outlined in OC PR PR#12217, with modifications over the years. 

Golder prepared a Landfill Gas Management Plan (LGMP) (Golder 2013), which began being implemented in May 

of 2013. Based on assessment of the results of the landfill gas monitoring over 2013 and experience with 

implementing the LGMP, the Updated Landfill Monitoring Program (Golder 2014) recommended some 

modifications. The 2014 Updated Landfill Monitoring Program proposed some additional changes to other aspects 

of site monitoring, in part to reflect the fact that the Site no longer receives waste and was in the process of being 

closed. The proposed changes to both groundwater and landfill gas monitoring were approved by ENV in a letter 

dated 26 July 2016 (Appendix B). The approval letter states that these interim changes must be reviewed and 

revised upon landfill closure, if necessary. Recommendations for changes to the monitoring and inspection plan 

outlined in the 2015 Closure Plan were formally accepted by ENV as of September 2017 (Appendix A). 

No changes in the monitoring and inspection plan were anticipated until sufficient post-closure monitoring has 

been conducted to determine if the closure works affected methane (or other potentially problematic landfill 

gases) adversely. However, three landfill gas monitoring wells1 were installed since the 2014 Updated Landfill 

Monitoring Program. In addition, seven landfill gas monitoring wells2 were required to be decommissioned in June 

2018 due to development on the property located north of the Westside Landfill.  

Therefore, an update to the LGMP is required to reflect the decommissioning of these 2007 landfill gas monitoring 

wells and an addition of the 2015 landfill gas monitoring wells.  

  

 

1 VP15-01, VP15-02, and VP15-03 

2 VP07-11, VP07-12, VP07-13, VP07-17, VP07-18, VP07-19, and VP07-20 
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2.0 PROPOSED REVISIONS TO LANDFILL MONITORING PROGRAM  

The scope of work completed as part of this Updated Landfill Monitoring program included: 

 Update the Landfill Monitoring Program to reflect the landfill gas monitoring wells installed since the 2014 

Updated Landfill Monitoring Program was submitted. 

 Update the Landfill Monitoring Program to reflect the landfill gas monitoring wells decommissioned in 2018 

and provide recommendations for replacement of the decommissioned landfill gas monitoring wells, if 

required.  

 Review the required monitoring and sampling requirements following closure activities of the Westside 

Landfill.  

 

These proposed revisions are discussed in Sections 2.1 through to 2.4 of this report. 

 

2.1 Addition of Three Landfill Gas Monitoring Wells 

In 2015 (following the last update to the Landfill Monitoring Program), three additional landfill gas monitoring wells 

were installed on the Site, VP15-01, VP15-02, and VP15-03. These three gas monitoring wells were installed as a 

result of elevated methane concentrations measured at BH102. VP15-01 and VP15-02, were installed as step-out 

monitors to VP07-02, which has historically served as the step-out monitor for BH102. VP15-01 and VP15-02 

were designed in part to monitor methane gas that might be partially by-passing VP07-02. VP15-03 was installed 

near BH102 at a greater depth to assess the potential for methane flow at greater depth. The locations of 

VP15-01, VP15-02, and VP15-03 relative to BH102 and VP07-02 are shown on Figure 2.  

Since their installation in 2015, these locations (VP15-01, VP15-02, and VP15-03) have been monitored along 

with the existing locations (BH102 and VP07-02) and have been included in the partial monitoring events in June, 

July, September, and October3. It is recommended that VP15-01, VP15-02, and VP15-03 continue to be 

monitored monthly and included in the partial monitoring events.  

 

2.2 Decommissioning of Seven Landfill Gas Monitoring Wells 

Seven landfill gas monitoring wells (VP07-11, VP07-12, VP07-13, VP07-17, VP07-18, VP07-19, and VP07-20) 

were required to be decommissioned in June 2018 due to the development on the property located north of the 

Westside Landfill. These gas monitoring wells were part of the 2014 Updated Landfill Monitoring Program.  

 

 

3 Monthly monitoring is conducted at the gas monitoring wells across the Site except in June, July, September, and October, where only select 
gas monitoring locations are monitored as stated in the 2014 Updated Landfill Monitoring Program (Golder Associates Ltd. 2014). 
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2.3 Replacement of Landfill Gas Monitoring Wells Located North of the 
Westside Landfill 

As outlined in Section 2.2, seven landfill gas monitoring wells were decommissioned in June 2018 due to the 

development on the property located north of the Westside Landfill. Methane levels at one of these former 

monitors, VP07-11, exceeded the action level criteria for methane as specified in the 2015 Closure Plan (Golder 

2015) in February and March of 20184. A summary of the historical monitoring results for VP07-11 is provided in 

Table 1.  

Table 1: VP07-11 Historical Methane Exceedances 

Date 
Carbon 

Dioxide (%) 

Oxygen 

(%) 

Methane 

(ppm) 

Methane 

(%LEL) 

Carbon 

Monoxide 

(ppm) 

Hydrogen 

Sulfide (ppm) 

March 2013 1.6 18.4 9,300 18.6% 0 0 

April 2013 1.3 17.5 15,250 30.5% 0 0 

February 2014  1.2 18.7 9,900 19.8% 0 0 

February 2017 1.1 16.5 5,500 11.0% 0 0 

February 2018 1.3 16.5 12,250 24.5% 0 0 

March 2018 1.5 14.7 23,500 47.0% 0 0 

 

At VP07-11, methane levels generally exceeded the action level in the late winter / early spring when near surface 

soils are expected to be saturated or nearly saturated or when there is a greater potential of near surface ice and 

snow cover; all of which can reduce vertical venting of gas, thus promoting lateral migration of landfill gas. 

The methane action levels at the other decommissioned monitors were not exceeded during the monitoring period 

2011 to 2018 (as shown in Chart 1).  

 

 

4 The action level specified in the 2015 Closure Plan for methane is 10% LEL (lower explosive limit).  
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Chart 1: Decommissioned Monitors Methane Concentrations 2011 to 2018 

 

It is inferred that VP07-04 (an existing near-boundary gas monitoring well located near the former location of 

VP07-11) does not intercept the same landfill gas pathway that VP07-11 did.  

 

2.3.1 Recommended Replacement Landfill Gas Monitoring Wells 

It is Golder’s understanding that the development to the north of the Landfill property will include residential lots 

immediately north of the Landfill property. We understand that the owner of the property(ies) north of the Landfill 

(Tallus Developments Ltd. [Tallus]) has not permitted re-installation of the seven destroyed vapour monitoring 

wells at the same locations; however, Tallus permitted the potential replacement of the destroyed vapour 

monitoring wells on the roadway north of the residential development (email and pers. comm.).   

It is recommended that VP07-11 be re-installed due to the elevated methane identified in 2017 and 2018; 

however, RDCO has not received permission to complete this from the property owner due to access constraints 

and future development activities. Without access to the property(ies) north of the Landfill, Golder recommends 

installing three replacement landfill gas monitoring wells on the Site, along the north Site boundary, at strategic 

locations and screened at strategic depths. The following table details the rationale for each recommended 

replacement monitor, and the proposed approximate locations are shown on Figure 2. Figure 3 provides a series 

of cross-sections to aid in defining potential lateral landfill gas pathways and to determine the screened depths of 

the proposed monitors. 
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Table 2: Rationale and Details for Proposed Replacement Monitors 

Proposed Gas 

MW  

Rationale Potential Screen Details*  

VP20-01 and 

VP20-02 

These proposed gas monitoring wells would be installed adjacent to 

VP07-04 to monitor the potential pathway of methane previously 

identified at VP07-11 and would be replacements for VP07-11 and 

VP07-19. These gas monitoring wells would either be nested or 

installed in close proximity to each other, one well screened at the 

elevation of VP07-11 and the deeper well screened approximately 5 

m below. These would be considered “near boundary monitors” with 

no step-out monitors present as defined in the 2015 Closure Plan.  

The elevation of the interface of weathered and competent bedrock at 

the proposed location of VP20-01/-02 is estimated to be at 

approximately 545 to 555 masl, and the elevation of screen at VP07-

11 is approximately 550 masl. 

Propose screening the shallow gas 

monitoring well at the interface of 

the weathered and competent 

bedrock (located at an elevation of 

approximately 545 to 555 masl) and 

at the approximate elevation of 

VP07-11 (screened at 550 masl). 

The second gas monitoring well 

would be screened approximately 5 

m deeper than the shallow gas 

monitoring well, at an elevation 

range of approximately 535 to 545 

masl.  

VP20-03 

Replacement well for VP07-20. Located within the boundaries of the 

landfill to provide monitoring in the northeast corner of the Westside 

Landfill. Historically, VP11-09, located south of the proposed well, 

exhibited elevated concentrations of methane. This would be 

considered a step-out monitor for VP11-09 and a “near boundary 

monitor” as defined in the 2015 Closure Plan. 

Propose screening the gas 

monitoring well at the interface of 

the sand unit and fractured bedrock 

(located at an elevation of 

approximately 530 and 540 masl).   

masl = metres above sea level 

* The depth of the gas monitoring well screens would be dependent on actual field conditions. 

 

The above proposed locations and screen details may change based on access restrictions and conditions 

encountered in the field. It is recommended that each of the proposed replacement monitors outlined in Table 2 

are included in the full monthly monitoring events (completed between November and May, and in August). 

VP201-01 and VP20-02 would also be included in the partial rounds (June, July, September, and October).  

 

2.3.2 Action Level and Action Plan 

The 2014 Updated Landfill Monitoring Program set action levels for each of the monitors based on their location 

and the presence of a step-out monitor; all monitors have an associated action level of 10% LEL except for inside 

boundary monitors with an associated step-out monitor, which have an action level of 25% LEL. Removal of the 

monitors outlined in Section 2.2 does not change the associated action level for the remaining monitors. Each of 

the proposed replacement monitors outlined in Section 2.3 would be assigned an action level of 10% LEL as they 

are inside boundary monitors with no associated step-out monitor.  

The action plan indicates that the first step to take if a methane level is recorded above the associated action level 

is to check the instrument calibration and recalibrate the instrument if required. If the calibration is deemed 

inaccurate, the instrument should be re-calibrated, and the monitor should be re-sampled within a 24-hour period. 

If the calibration is deemed accurate, the next step is assessing the methane concentration in the associated 

step-out monitor. If there is no associated step-out monitor, or the step-out monitor also exceeds the associated 

action level, the final step is to notify MoE and develop a specific action plan. No changes to this action plan are 

recommended at this time. 
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2.4 Review of Groundwater Monitoring and Sampling Program 

Golder conducted a review of the current required groundwater monitoring and sampling requirements to evaluate 

other revisions and/or potential efficiencies in RDCO’s post-closure monitoring requirements outlined in the 2014 

Updated Landfill Monitoring Program. 

Sections 3.3.3 and 3.3.4 of OC PR#12217 require BH1 and BH4 be sampled every two years for total dissolved 

solids (TDS), boron, total purgeable hydrocarbons, total extractable hydrocarbons, volatile organics and acid and 

base/neutral extractable organics, biochemical oxygen demand (BOD), chemical oxygen demand (COD), and 

phenolics. Groundwater concentrations of these reported parameters5 have consistently been either below 

laboratory detection limits or where detectable below applicable standards6 with the following exceptions: 

 EPH(C10-19), EPH(C19-32), LEPH and HEPH: Detectable concentrations reported in BH1 between 2011 and 

2019 (not reported prior to 2011). 

 PAHs: Concentrations less than the laboratory detection limit (LDL) except for one detected concentration in 

BH4 in 2019 (for a parameter with no CSR standard). 

 BTEX: Detectable concentrations reported in BH1 between 1999 and 2015 (including concentrations greater 

than the CSR standards) and reported less than the LDL in 2017 and 2019. 

 VOCs: Select VOCs reported close to the LDL in BH1 between 1999 and 2011 and reported less than the 

LDL between 2015 and 2019. Select VOCs reported close to the LDL in BH4 in 1997 and 1999 and reported 

less than the LDL between 2001 and 2019. 

 Chlorinated Hydrocarbons: Concentrations less than the LDL except one detected concentration (equal to 

the LDL) in BH1 in 2009. 

 Base-Neutral Extractables: Detectable concentrations reported in 1997 (BH4) and 2001 (BH1), reported less 

than the LDL in subsequent years.  

 

Groundwater concentrations of these reported parameters at BH1 and BH4 are provided in attached Table A.  

With regards to the groundwater monitoring and sampling requirements stated in Section 3.3.3 and 3.3.4 of OC 

PR#12217, Golder recommends the following revisions: 

 BH1: Continue groundwater sampling and analysis every two years at BH1 for EPH, BTEX, VOCs, TDS, 

BOD and COD. Discontinue analysis at BH1 for all other analyses under Section 3.3.4 of OC PR#12217. 

 BH4: Discontinue all analysis at BH4 under Sections 3.3.3 and 3.3.4 of OC PR#12217.  

 

 

5 Between 1997 and 2019, the laboratory reported the following parameters for these parameters listed in the permit: benzene, toluene, 
ethylbenzene, xylenes (BTEX), styrene, volatile petroleum hydrocarbons (VPH), extractable petroleum hydrocarbons (EPH), light/heavy 
extractable petroleum hydrocarbons (LEPH/HEPH), polycyclic aromatic hydrocarbons (PAHs), halogenated volatiles (VOCs), trihalomethanes, 
chlorinated hydrocarbons, phthalate esters, and base-neutral extractables.  

6 Contaminated Sites Regulation (“CSR”; BC Reg. 375/96, effective 1 April 1997; includes amendments up to B.C. Reg. 13/2019 24 January 
2019). Generic Numerical Water Standards for the assessment of groundwater quality (CSR Schedule 3.2) protective of drinking water and 
freshwater aquatic life. 
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Following two complete years of post-closure monitoring, it is recommended that the Updated Landfill Monitoring 

Program monitoring and sampling requirements be re-assessed. As the closure works were completed on 

7 November 2018 with the conclusion of the seeding and fertilizing activities at the Site, it is recommended that 

the Updated Landfill Monitoring Program monitoring and sampling requirements be re-assessed following the 

completion and submission of the 2020 Monitoring Report.  

 

3.0 CONCLUSIONS AND RECOMMENDATIONS 

The objective of this work is to provide updates to the Landfill Monitoring Program for the Westside Landfill to 

reflect revisions to the landfill gas monitoring program and groundwater monitoring and sampling program. This 

report should be read in conjunction with the 2013 Landfill Gas Management Plan and 2014 Updated Landfill 

Monitoring Program prepared for the Site. 

 

Landfill Gas Monitoring Program 

It is recommended that the following revisions to the landfill gas monitoring program be made from the 

requirements provided in the 2014 Updated Landfill Monitoring Program: 

 Add the three landfill gas monitoring wells installed in 2015: VP15-01, VP15-02, and VP15-03. It is 

recommended that VP15-01, VP15-02, and VP15-03 be monitored monthly and included in the partial 

monitoring events. 

 Remove the seven landfill gas monitoring wells decommissioned in 2018: VP07-11, VP07-12, VP07-13, 

VP07-17, VP07-18, VP07-19, and VP07-20.  

 It is recommended that VP07-11 be re-installed due to the elevated methane identified in 2017 and 2018; 

however, RDCO has not received permission to complete this from the property owner due to access 

constraints and future development activities. Without access to the property(ies) north of the Landfill, Golder 

recommends installing three replacement landfill gas monitoring wells along the north side of the Site (VP20-

01, VP20-02 and VP20-03). It is recommended that these three replacement landfill gas monitoring wells be 

monitored in the full monthly monitoring events (completed between November and May, and in August). 

VP20-01 and VP20-02 would also be included in the partial rounds (June, July, September, and October). 

 

Groundwater Monitoring and Sampling Program 

It is recommended that the following revisions to the groundwater monitoring and sampling program be made 

from the requirements provided in the 2014 Updated Landfill Monitoring Program: 

 BH1: Continue groundwater sampling and analysis every two years at BH1 for EPH, BTEX, VOCs, TDS, 

BOD and COD. Discontinue groundwater analysis at BH1 for all other analyses under Section 3.3.4 of OC 

PR#12217. 

 BH4: Discontinue all analysis at BH4 under Sections 3.3.3 and 3.3.4 of OC PR#12217.  

No other revisions to other components of the Landfill Monitoring Program (i.e., groundwater monitoring, surface 

water monitoring, site inspection) are proposed until two complete years of post-closure monitoring have been 

completed. 
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2020-06-30 TABLE A
ORGANIC GROUNDWATER CHEMISTRY

WESTSIDE LANDFILL
WEST KELOWNA, BC

 1417953

Sep-99 Sep-01 Sep-03 Sep-05 Sep-07 Oct-07 Sep-09 Oct-11 Aug-15 May-17 May-19 Jul-97 Sep-99 Sep-01 Sep-03 Sep-05 Sep-07 Sep-09 Oct-11 Aug-15 May-17 May-19
Non-Halogenated Volatiles
Benzene mg/L 0.0014 0.0023 0.0019 0.001 1.3 - 0.0012 0.00091 0.006 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.001 <0.0005 <0.00050 <0.005 <0.0005 <0.0005
Ethylbenzene mg/L 0.0006 0.0012 <0.0005 <0.0005 <0.001 - <0.001 <0.0010 <0.0010 <0.001 <0.001 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.001 <0.001 <0.0010 <0.0010 <0.001 <0.001
Styrene mg/L <0.0005 <0.0005 <0.0005 <0.0005 <0.001 - <0.001 <0.0010 <0.0010 <0.001 <0.001 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.001 <0.001 <0.0010 <0.0010 <0.001 <0.001
Toluene mg/L 0.0016 0.0009 <0.0005 <0.001 <0.001 - <0.0005 <0.0010 <0.0010 <0.001 <0.001 <0.0005 <0.0005 <0.0005 <0.0005 <0.001 <0.001 <0.005 <0.0010 <0.0010 <0.001 <0.001
meta & para-Xylene mg/L <0.0005 0.0008 <0.0005 <0.0005 - - -  - - - - <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 - -  -  - - -
ortho-Xylene mg/L <0.0005 0.0006 <0.0005 <0.0005 - - -  - - - - <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 - -  -  - - -
Total Xylenes mg/L - - - <0.001 <0.002 - <0.002 <0.0020 <0.0020 <0.002 <0.002 - - - - <0.001 ` <0.002 <0.0020 <0.0020 <0.002 <0.002
Light Hydrocarbons (C5-9) mg/L - - - - - - -  - - - - <0.1 - - - - - -  -  - - -
VPH mg/L - - - - <0.1 - - <0.1 - - - <0.1 - - - - <0.1 - <0.1  - - -
Extractable Petroleum Hydrocarbons
LEPH mg/L - - - - - - - 0.75 0.295 <0.250 0.272 - - - - - - - <0.100 <0.100 <0.250 <0.250
HEPH mg/L - - - - - - - 0.5 0.293 <0.250 <0.250 - - - - - - - <0.100 <0.100 <0.250 <0.250
EPHC10-19 mg/L - - - - - - - 0.75 0.295 <0.250 0.272 - - - - - - - <0.100 <0.100 <0.250 <0.250
EPHC19-32 mg/L - - - - - - - 0.5 0.293 <0.250 <0.250 - - - - - - - <0.100 <0.100 <0.250 <0.250
Polycyclic Aromatic Hydrocarbons
Acenaphthene mg/L - - - - - - - - <0.0005 <0.050 <0.050 - - - - - - - - <0.0005 <0.050 <0.050
Acenaphthylene mg/L - - - - - - - - <0.0005 <0.200 <0.200 - - - - - - - - <0.0005 <0.200 <0.200
Acridine mg/L - - - - - - - - <0.0010 <0.050 <0.050 - - - - - - - - <0.0010 <0.050 <0.050
Anthracene mg/L - - - - - - - - <0.0005 <0.010 <0.010 - - - - - - - - <0.0005 <0.010 <0.010
Benz (a) anthracene mg/L - - - - - - - - <0.0005 <0.010 <0.010 - - - - - - - - <0.0005 <0.010 <0.010
Benzo (a) pyrene mg/L - - - - - - - - <0.0001 <0.010 <0.010 - - - - - - - - <0.0001 <0.010 <0.010
Benzo (b) fluoranthene mg/L - - - - - - - - <0.0005 <0.050 - - - - - - - - - <0.0005 <0.050 -
Benzo(b+j)fluoranthene mg/L - - - - - - - - - <0.100 <0.050 - - - - - - - - - <0.100 <0.050
Benzo (g,h,i) perylene mg/L - - - - - - - - <0.0005 <0.050 <0.050 - - - - - - - - <0.0005 <0.050 <0.050
Benzo (k) fluoranthene mg/L - - - - - - - - <0.0005 <0.050 <0.050 - - - - - - - - <0.0005 <0.050 <0.050
Chrysene mg/L - - - - - - - - <0.0005 <0.050 <0.050 - - - - - - - - <0.0005 <0.050 <0.050
Dibenz (a,h) anthracene mg/L - - - - - - - - <0.0005 <0.050 <0.010 - - - - - - - - <0.0005 <0.050 0.016
Fluoranthene mg/L - - - - - - - - <0.0005 <0.030 <0.030 - - - - - - - - <0.0005 <0.030 <0.030
Fluorene mg/L - - - - - - - - <0.0005 <0.050 <0.050 - - - - - - - - <0.0005 <0.050 <0.050
Indeno (1,2,3-cd) pyrene mg/L - - - - - - - - <0.0005 <0.050 <0.050 - - - - - - - - <0.0005 <0.050 <0.050
Naphthalene mg/L - - - - - - - - <0.0030 <0.200 <0.200 - - - - - - - - <0.0030 <0.200 <0.200
Phenanthrene mg/L - - - - - - - - <0.0010 <0.100 <0.100 - - - - - - - - <0.0010 <0.100 <0.100
Pyrene mg/L - - - - - - - - <0.0010 <0.020 <0.020 - - - - - - - - <0.0010 <0.020 <0.020
Quinoline mg/L - - - - - - - - <0.0010 <0.050 <0.050 - - - - - - - - <0.0010 <0.050 <0.050
Halogenated Volatiles
Carbon tetrachloride mg/L <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.0010 <0.001 <0.0005 <0.0005 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.001 <0.0005 <0.0005
Chlorobenzene mg/L <0.001 <0.001 <0.001 <0.001 <0.001 - 0.0019 0.0011 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.001 <0.001 <0.001
Chloroethane mg/L 0.002 0.002 <0.003 0.001 - - - <0.0020 <0.0020 <0.002 <0.002 <0.001 <0.001 <0.001 <0.001 <0.001 - - <0.0020 <0.0020 <0.002 <0.002
Chloromethane (methyl chloride) mg/L <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001  - <0.0030 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001  - <0.0030
1,2-Dichlorobenzene mg/L <0.001 <0.001 <0.001 <0.0005 <0.001 <0.00050 <0.001 <0.00050 <0.00050 <0.0005 <0.0005 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.00050 <0.00050 <0.0005 <0.0005
1,3-Dichlorobenzene mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.001 0.0016 <0.0010 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.0010 <0.001 <0.001
1,4-Dichlorobenzene mg/L <0.001 0.004 0.004 0.003 <0.001 <0.0010 0.003 0.0018 <0.0010 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.0010 <0.001 <0.001
1,1-Dichloroethane mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.001 <0.0010 <0.0010 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.0010 <0.001 <0.001
1,2-Dichloroethane mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.001 <0.0010 <0.0010 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.0010 <0.001 <0.001
cis-1,2-Dichloroethylene mg/L 0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.0010 <0.001 - - 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.001 - -
cis-1,2-Dichloroethylene mg/L <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.0010 <0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.001 - -
1,1-Dichloroethylene mg/L <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.0010 <0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.001 - -
Dichloromethane mg/L <0.01 <0.005 <0.005 <0.005 - - - <0.0030  - - - <0.005 0.007 <0.005 <0.005 <0.005 - - <0.0030  - - -
1,2-Dichloropropane mg/L <0.001 <0.001 <0001 <0.001 <0.001 - <0.001 <0.0010 <0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.001 - -
cis-1,3-Dichloropropylene mg/L <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.0010 <0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.001 - -
trans-1,3-Dichloropropylene mg/L <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.0010 <0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.001 - -
Methyl tert-butyl ether mg/L - - - - - - - - <0.0010 <0.001 <0.001  -  -  -  -  -  -  -  - <0.0010 <0.001 <0.001
1,1,1,2-Tetrachloroethane mg/L <0.001 <0.001 <0.001 <0.001 - - - -  - - - <0.001 <0.001 <0.001 <0.001 <0.001 - -  -  - - -
1,1,2,2-Tetrachloroethane mg/L <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.0010 <0.0010 <0.0005 <0.0005 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.0010 <0.0005 <0.0005
Tetrachloroethylene mg/L <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.0010 <0.0010 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.0010 <0.001 <0.001
1,1,1-Trichloroethane mg/L <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.0010 <0.0010 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.0010 <0.001 <0.001
1,1,2-Trichloroethane mg/L <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.0010 <0.0010 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.0010 <0.001 <0.001
Trichloroethylene mg/L <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.0010 <0.0010 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.0010 <0.001 <0.001
Trichlorofluoromethane mg/L <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.0010 <0.0010 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.0010 <0.001 <0.001
Vinyl chloride mg/L <0.001 0.001 0.001 <0.001 <0.001 - <0.001 <0.0010 <0.0020 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.0020 <0.001 <0.001
Trihalomethanes
Bromodichloromethane mg/L <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.0010 <0.0010 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.0010 <0.001 <0.001
Bromoform mg/L <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.0010 <0.0010 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.0010 <0.001 <0.001
Chloroform mg/L <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.0010 <0.0010 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.0010 <0.001 <0.001
Dibromochloromethane mg/L <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.0010 <0.0010 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0010 <0.0010 <0.001 <0.001
Chlorinated Hydrocarbons
Hexachlorobenzene mg/L <0.0001 <0.0001 - <0.0001 - <0.0006 <0.006 - - - - <0.0001 <0.0001 <0.0001 - <0.0001 <0.0006 - - - - -
Hexachlorobutadiene mg/L <0.0001 <0.0001 - <0.0001 - <0.001 <0.001 - - - - <0.0001 <0.0001 <0.0001 - <0.0001 <0.001 <0.001 - - - -
Hexachloroethane mg/L <0.0001 <0.0001 - <0.0001 - <0.003 <0.003 - - - - <0.0001 <0.0001 <0.0001 - <0.0001 <0.003 <0.003 - - - -
1,2,4-Trichlorobenzene mg/L <0.0001 <0.0001 - <0.0001 - <0.003 0.003 - - - - <0.0001 <0.0001 <0.0001 - <0.0001 <0.003 <0.003 - - - -
Phthalate Esters
Benzyl butyl phthalate mg/L <0.001 <0.005 <0.005 <0.005 - <0.005 <0.005 - - <0.001 <0.001 <0.005 <0.005 <0.005 <0.005 <0.005 - -
Bis(2-ethylhexyl)phthalate mg/L <0.001 <0.005 <0.005 <0.005 - <0.001 <0.001 - - <0.001 0.004 <0.005 <0.005 <0.005 0.003 <0.001 - -
di-n-butyl phthalate mg/L 0.0003 <0.005 <0.005 <0.005 - <0.001 <0.001 - - 0.0004 0.0005 <0.005 <0.005 <0.005 0.001 <0.001 - -
di-n-octyl phthalate mg/L <0.0001 <0.005 <0.005 <0.005 - <0.001 <0.001 - - <0.0001 <0.0001 <0.005 <0.005 <0.005 <0.001 <0.001 - -
Diethyl phthalate mg/L 0.0076 - <0.05 <0.05 - <0.003 <0.003 - - 0.0001 0.0004 - <0.05 <0.05 <0.003 <0.003 - -
Dimethyl phthalate mg/L <0.0001 <0.05 <0.05 <0.05 - <0.003 <0.003 - - <0.0001 <0.0001 <0.05 <0.05 <0.05 <0.003 <0.003 - -
Base-Neutral Extractables
Bis(2-chloroethoxy)methane mg/L <0.0003 <0.0001 - <0.0004 - <0.0008 <0.008 - - - - <0.0001 <0.001 <0.0001 - <0.0001 <0.0008 <0.0008 - - - -
Bis(2-chloroethyl)ether mg/L <0.0002 <0.0001 - <0.0001 - <0.0006 <0.0006 - - - - <0.0001 <0.0001 <0.0001 - <0.0001 <0.0006 <0.0006 - - - -
Bis(2-chloroisopropyl)ether mg/L <0.0001 <0.0001 - <0.0001 - <0.002 <0.002 - - - - <0.0001 <0.0002 <0.0001 - <0.0001 <0.002 <0.002 - - - -
4-Bromophenyl phenyl ether mg/L <0.0001 <0.0001 - <0.0001 - <0.006 <0.0006 - - - - <0.0001 <0.0001 <0.0001 - <0.0001 <0.0006 <0.0006 - - - -
2-Chloronaphthalene mg/L <0.0001 <0.0001 - <0.0001 - <0.0008 <0.0008 - - - - <0.0001 <0.0001 <0.0001 - <0.0001 <0.0008 <0.0008 - - - -
4-Chlorophenyl phenyl ether mg/L <0.0001 <0.0001 - <0.0001 - <0.0007 <0.0007 - - - - <0.0001 <0.0001 <0.0001 - <0.0001 <0.0007 <0.0007 - - - -
2,4-Dinitrotolune (2,4-DNT) mg/L <0.0004 0.0004 <0.0006 <0.0003 - <0.0005 <0.0005 - - - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0005 <0.0005 - - - -
2,6-Dinitrotoluene (2,6-DNT) mg/L <0.0008 <0.0001 <0.002 <0.0004 - <0.0005 <0.0005 - - - - 0.0002 <0.002 <0.0001 <0.0001 <0.0001 <0.0005 <0.0005 - - - -
Isophorone mg/L <0.0001 <0.0001 <0.0002 <0.0001 - <0.0006 <0.0006 - - - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0006 <0.0006 - - - -
Nitrobenzene (NB) mg/L <0.0005 <0.0001 <0.002 <0.0005 - <0.0007 <0.0007 - - - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0007 <0.0007 - - - -
n-Nitrosodi-n-propylamine mg/L <0.0001 <0.0001 <0.002 <0.0005 - <0.0006 <0.0006 - - - - <0.0001 <0.0001 <0.0001 <0.0005 <0.0005 <0.0006 <0.0006 - - - -
n-Nitrosodiphenylamine mg/L <0.0001 <0.0001 <0.0003 <0.0002 - <0.0008 <0.0008 - - - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0008 <0.0008 - - - -

BH4BH1
Parameter Units

https://golderassociates.sharepoint.com/sites/112657/Project Files/5 Technical Work/3_Update Landfill Monitoring Program ‐ 2019_2020/Updated Landfill Monitoring Program Report/Table A_RDCO Westside Landfill Historical GW.xlsx
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Ministry of Environment Regional Operations Branch 
Environmental Protection Division 

Website: www.gov.bc.ca/env 
Guidance, Forms and Fees 

Application Status Search 
 

September 6, 2017 Authorization Number:  12217 
 

VIA EMAIL: clarke.kruiswyk@cord.bc.ca 
 
Clarke Kruiswyk 
Environmental Services Analyst 
Regional District of Central Okanagan 
1450 KLO Road, Kelowna, BC, V1W 3Z4 
 
Dear Mr. Clarke Kruiswyk: 
 
Re:  Environmental Management Act  approval of Closure Plan for Westside Landfill 

(Authorization 122217). 
 
Thank you for your email dated March 10, 2016 and submission of the Westside Landfill 
Closure Plan dated May 12, 2015 by Golder Associates (Report Number 1406505-003-R-Rev0-
5000) (the “Closure Plan”). Ministry review of the Closure Plan indicates that it conforms with 
current ministry policy (Landfill Criteria, 2nd Edition – 2016), and with respect to final cover, it 
meets the intent of clause 2.11 (Final Cover) of Operational Certificate (OC) 12217. As such, 
the Closure Plan is hereby approved in accordance with clause 2.4 of the OC, and the detailed 
final cover requirements included in clause 2.11 are replaced by those contained in the Closure 
Plan. 
 
The Ministry further acknowledges that OC 12217 should now be updated to reflect the closed 
status of the site.  The Regional District of Central Okanagan is requested to submit an 
application to amend the current OC to remove requirements that are no longer relevant, and 
instead incorporate requirements related to ongoing closure and post-closure activities.  For 
reference, the 2016 Landfill Criteria describe the ministry’s expectations pertaining to post 
closure operation and maintenance including but not limited to those in sections 7.4 (Post 
Closure Operation and Maintenance), 7.4 (Contaminating Lifespan), 9.0 (Monitorimng Criteria), 
and 10.3.4 (Closure Plan).  
 
  

http://www2.gov.bc.ca/gov/content?id=754AD00AAA95453BAF2AAC1FC2A7F6ED
http://www2.gov.bc.ca/gov/content/environment/waste-management/waste-discharge-authorization/search-status-and-documents
mailto:clarke.kruiswyk@cord.bc.ca


    

Fraser Valley Regional District  Tracking Number:  350916 
September 6, 2017             Page 2 of 2 
 
 

 

Application instructions and forms are available on the Ministry’s website at: 
http://www2.gov.bc.ca/gov/content/environment/waste-management/waste-discharge-
authorization/guidance-forms-and-fees.   
 
If you have any questions, please contact Roshan D’Souza, Environmental Protection Officer 
at 250 354 6365 or email Roshan.Dsouza@gov.bc.ca. 
 
Yours truly, 
 
 
 
 
 
Luc Lachance, P.Eng. 
For Director, 
Environmental Management Act 
 
 

http://www2.gov.bc.ca/gov/content/environment/waste-management/waste-discharge-authorization/guidance-forms-and-fees
http://www2.gov.bc.ca/gov/content/environment/waste-management/waste-discharge-authorization/guidance-forms-and-fees
mailto:Roshan.Dsouza@gov.bc.ca
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Study Limitations 

This report was prepared for the exclusive use of the Regional District of Central Okanagan (RDCO).  Any use 

which a third party makes of this report, or any reliance on or decisions to be made based on it are the 

responsibility of such third parties.  Golder accepts no responsibility for damages, if any, suffered by any third 

party as a result of decisions made or actions taken based on this report. 

The report, which includes all appendices and attachments, is based on data and information collected during 

the investigation conducted by Golder Associates Ltd.’s personnel and upon third party information provided by 

the RDCO.  The report provides a level of assurance commensurate with the level of study.  

Golder has relied in good faith on information provided to us.  We accept no responsibility for any deficiency, 

misstatements or inaccuracies contained in this report as a result of omissions, misinterpretations of fraudulent 

acts of the persons or agencies interviewed. 

This work was performed according to current professional standards and practices in the environmental field.   

If new information is discovered during future work, including excavations, borings or other activities or studies, 

Golder should be requested to re-evaluate the conclusions of this report, and to provide amendments as 

required. 
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1.0 INTRODUCTION 

Westside Landfill (Figure 1), operated by the Regional District of Central Okanagan (RDCO) under Operational 

Certificate PR#12217, stopped receiving waste in July of 2010.  A conceptual closure plan, Closure Plan – 
Okanagan Falls Wood Waste Landfill (CH2M HILL Canada Ltd. 2011) was developed, with additional options for 

the cover system being considered in Options for Final Cover Systems, Westside Landfill (Golder Associates 

Ltd. 2012).  Additional planning, design and works related to closure are underway, along with continuing 

groundwater and landfill gas monitoring programs.  

Golder prepared a landfill gas management plan (Golder Associates Ltd. 2013a), Landfill Gas Management 
Plan, Westside Landfill, hereafter referred to the as the LGMP, which began being implemented in May of 2013.  

Based on assessment of the results of the landfill gas monitoring over 2013 and experience with implementing 

the LGMP, Golder recommends some modifications to the LGMP, as outlined in Section 2.0 of this report. 

Golder proposes some additional changes to other aspects of site monitoring, in part to reflect the fact that the 

site no longer receives waste and is in the process of being closed.  Proposed modifications to the groundwater 

monitoring program are discussed in Section 0 of this report.  In Section 0 of this report, Golder proposes 

surface water sampling on an interim basis, partly in response to an apparent increase in surface water ponding 

on the west side of the landfill observed in 2013.  In Section 5.0 of the report, site inspection requirements are 

discussed and post-closure reporting requirements are discussed in Section 6.0.  A summary of 

recommendations is provided in Section 7.0. 

 

2.0 LANDFILL GAS MONITORING 

The landfill gas monitoring program was modified in 2013 to begin implementing the approach outlined in the 

LGMP, and documented further in the report, 2012 Annual Operations and Monitoring Report, Westside Landfill, 
West Kelowna, BC (Golder Associates Ltd. 2013b), hereafter referred to as the 2012 Annual Report.  The key 

changes to the monitoring program were made to bring the landfill gas monitoring program into alignment with 

the recommendations outlined in the LGMP, as follows. 

 The number of rounds of gas monitoring was increased to take place monthly from October to April 

inclusive, and once in either July or August. 

 An “Action Plan” was developed that defined the response if methane readings above set thresholds were 

measured, with different actions being required depending on the proximity of the monitor to the property 

boundary.  Some actions were to be completed within one week of a methane measurement being 

recorded, which meant that the process for recording and transmitting the readings to a qualified 

professional needed to be completed in much less than one week to allow appropriate responses to be 

implemented. 

 

Most of the changes to bring the landfill gas monitoring program into alignment with the requirements of LGMP 

were implemented by the May 2013 monitoring round. 

  



SITE
LOCATION

OKANAGAN LAKE

KELOWNA

WEST KELOWNA

0
25

 m
m

IF
 T

H
IS

 M
EA

SU
R

EM
EN

T 
D

O
ES

 N
O

T 
M

AT
C

H
 W

H
AT

 IS
 S

H
O

W
N

, T
H

E 
SH

EE
T 

SI
ZE

 H
AS

 B
EE

N
 M

O
D

IF
IE

D
 F

R
O

M
: A

N
SI

 A

CONSULTANT

DESIGN

PREPARED

REVIEW

APPROVED

YYYY-MM-DD TITLE

PROJECT No. Rev.

PROJECTCLIENT

Pa
th

: -
---

  |
  F

ile
 N

am
e:

 0
41

44
00

62
-4

10
0-

01
.d

w
g

04-1440-062
PHASE
4001

FIGURE

1A

2014-02-17

AMW

GB

GB

RP

MONITORING PROGRAM REVISION
KELOWNA, BC
 

WESTSIDE LANDFILL
 
 

KEY PLAN 

Fort
Nelson

Dawson
Creek

Fort St.
John

ENLARGED AREA

Comox
Kamloops

Penticton

Victoria

Vancouver

INSET MAP - NOT TO SCALE

Prince
George

Prince
Rupert

COLUMBIA

BRITISH

1:100,000

5,0000

METRES

2,500

 
 

 

REFERENCE
IMAGE OBTAINED FROM GOOGLE EARTH PRO. USED UNDER LICENSE.

IMAGERY DATE: 2013. GOOGLE EARTH IMAGE IS NOT TO SCALE.



 

WESTSIDE LANDFILL MONITORING PROGRAM 

 

May 6, 2014 
Report No. 041440062-002-R-Rev0-4001 3  

 

Based on continuing assessment of the historical and recent (2013) landfill gas monitoring results, and on 

experience with implementation of most elements of the revised landfill gas monitoring program from May to 

December, Golder proposes some modifications to the LGMP.  These proposed revisions are related to the 

following: 

 schedule for monitoring rounds, based on review of results from 2013 and earlier; 

 criteria for classification of monitors; 

 the Action Plan; and 

 the approach to data collection, review and reporting. 

 

These proposed revisions are discussed in Sections 2.1 through to 2.4 of this report. 

 

2.1 Proposed Changes in Landfill Gas Monitoring Schedule 

The landfill gas monitoring schedule proposed in the LGMP was based in part on recommendations initially 

made in the Westside Landfill Closure Plan, Final Report (CH2M HILL Canada Ltd. 2011).  The Closure Plan 

suggested quarterly monitoring, increased to monthly during the “winter” months.  Climate data were reviewed in 

the LGMP, and winter was provisionally defined as the period from October to April, based mainly on monthly 

snowfall and data during “days <= 0C”.  An additional round of sampling would then take place in July or August.  

A preliminary assessment of historical methane measurements suggested that the proposed monitoring program 

would have “captured” the historical exceedances of the proposed action levels, although the number of data 

points was very limited for some months of year, and therefore the results were considered preliminary rather 

than definitive. 

In consultation with the British Columbia Ministry of Environment (MoE), action levels were developed that varied 

by the location of the monitor with respect to the property boundary.  As discussed further in Section 2.2, the 

monitors were classified as being “inside boundary”, “near boundary” or “outside boundary” for the purpose of 

defining action levels.  The locations of the landfill gas monitors and their original classification are illustrated in 

Figure 2.  In the case of “near boundary” monitors and “outside boundary” monitors, actions were specified for 

methane levels that equalled or exceeded 10% LEL (lower explosive limit).  For the “inside boundary” monitors 

the action level was 25% LEL. 

Since completion of the LGMP, historical methane levels have been compiled and analyzed for results from 

2000 to 2013.  The data was compiled primarily from tables used in annual reports up to 2012, and after that 

directly from data collected in 2013.  The data set may not include some methane results recorded for programs 

other than the monitoring program, and is not identical to the data set used for the preliminary assessment of 

results report in the LGMP; however, it does represent the largest set of landfill gas data yet analyzed for 

Westside Landfill. 
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The percentage of methane readings that exceeded the 10% LEL action limit (the lowest limit that applies) is 

shown in Table 1 by month, along with the total number of measurements made in each month, and grouped by 

the side of the landfill that the measurements were associated with.  To date, the only exceedances of the 10% 

LEL action limit have been on either the east or north side of the landfill, with most being associated with 

monitors on the east side.  The cells’ shading varies with the % LEL to make patterns easier to visualize. 

Table 1: Summary of the Percentage of Methane Readings that Exceed the 10% LEL Action Limit 

 
Fall Winter Spring Summer 

Side Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug 

East 0% 0% 9% 9% 0% 6% 12% 6% 6% 0% 0% 0% 

North 0% 0% 0% 0% 0% 0% 6% 6% 0% 0% 0% 0% 

South 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

West 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

 
Cover MC* 0% 0% 25% 36% 44% 61% 100% 75% 21% 0% 0% 0% 

 
Sample Size 33 65 31 210 42 13 33 32 173 42 32 32 

*MC = predicted moisture content, as a percent of the maximum water holding capacity 

 

All of the exceedances of 10% LEL in Table 1 were recorded in the period from November to May, with the 

highest frequency of readings exceeding 10% LEL being in March.   

Water balance modelling completed for assessment of cover options (Golder Associates Ltd. 2012) suggested 

that the peak water content would typically be expected in March.  While the cover system is not completed, 

much of the landfill already has cover that is close to that required for final closure and therefore it is anticipated 

that the water balance for the existing cover will approximate that of the modelled moisture content for much of 

the landfill.  The predicted moisture content for the cover system is included in Table 1 by month, for a “normal” 

year.  Cell shading by value has been used to make variations in moisture content easier to visualize. 

As can be seen from the results presented in Table 1, the percentage of values of methane that exceed the 10% 

LEL level show an apparent correlation with the predicted water content of the cover soils.  There is potentially a 

causal link between water content and methane levels in the subsurface.  As the water content of soil increases, 

the gas permeability will decrease, becoming very low as the water content approaches and reaches saturation 

(100% water content).  Thus, as the water content of surface soils increases, venting through the landfill cover is 

expected to be impeded; this may account for the apparent correspondence between the expected water content 

of the cover soil and the frequency that a reading of 10% LEL was exceeded. 

As can also be seen from the results in Table 1, methane levels exceeding 10% LEL were only observed on the 

east and north sides of the landfill.  In fact, exceedances of 10% LEL have only been recorded at five of the 

existing monitors, including BH-1, BH102, BH103, VP07-11 and VP11-09.  The methane results for these five 

monitors are summarized in Table 2.  Note that with over 684 measurements of methane in the remaining 
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monitors, no exceedances of a 10% LEL have been recorded.  The one exceedance for BH-1 was recorded  

in 2004, and there were no further exceedances to the end of monitoring in 2010.  Two landfill gas monitors, 

VP11-06 and VP11-07, were established in the immediate vicinity of BH-1 and replace it in the monitoring 

system.  Another monitor, VP11-08, is also located on the south side of the landfill and provides additional 

coverage of this portion of the landfill (see Figure 2). 

Table 2: Summary of Exceedances, by Monitor 

Monitor >10% LEL >25% LEL >100% LEL Total 

Number of exceedances of specified % LEL levels 
BH 102 11 7 6 36 

BH 103 2 0 0 36 

VP07-11 2 1 0 12 

BH-1 1 1 1 24 

VP11-09 1 0 0 12 

 

No readings from any monitor have exceeded 10%LEL in the period from June to October (Table 1).  Golder 

recommends that a full round be collected in August and that partial rounds be completed in June, July, 

September and October, on an interim basis.  The partial rounds would include the four monitors in the existing 

program where exceedances have been recorded, including BH102, BH103, VP07-11 and VP11-09.  The three 

monitors closest to BH-1 (VP11-06, VP11-07 and VP11-08) would also be included in the partial rounds.   

If exceedances of actions levels are noted, additional measurements might be required at other monitors, 

including VP07-1, VP07-2 and VP07-19, following the protocol that will be described in Section 2.4. 

The proposed change to landfill gas monitoring outlined above would be an interim measure, with further 

revision likely after the results from 2014 have been assessed and additional work is completed to further assess 

options for landfill gas migration control. 

 

2.2 Proposed Revisions to the Classification of Monitors 

In the LGMP, three classes of monitor were defined:  

 inside boundary monitors – these are monitors located more than 5 metres (m) from a property and had an 

associated action threshold for methane of 25% LEL; 

 near boundary monitors – these are monitors located inside the landfill property, but located 5 m or less 

from the property boundary and had an associated action threshold for methane of 10% LEL; and 

 outside boundary monitors – these are monitors located outside the boundary and no specific action 

thresholds were defined for these monitors, but provisionally the action limit has been set as being the 

same as that for the near boundary monitors (10% LEL) and the actions are similar. 
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As can be seen in Figure 2, there are a number of monitors that are fairly close to the property line, but classified 

as being “inside” and “outside” monitors because they are just outside the 5 m limit set in LGMP.   

Golder recommends modifying the definitions of monitors by position such that “inside boundary” monitors are 

those monitors located within the landfill boundary and more than 15 m inside that property boundary.  “Near 

boundary” monitors would comprise those monitors within 15 m of the property boundary, and “outside 

boundary” monitors would comprise those located more than 15 m outside the property boundary.  This change 

results in lowering the action threshold for some monitors from 25% LEL to 10% LEL.  The change does not lead 

to an increase in the action threshold for any monitor.  The proposed change is consistent with provisions of the 

original Action Plan that indicate that actions should be taken to determine the geographic extent of methane 

levels that are greater than 10% LEL (as will be discussed further in Section 2.3). 

In the Action Plan outlined in the LGMP, if a monitor exceeds the associated action level, then a series of actions 

are triggered that may include assessing the levels in a “step-out” monitor, if one exists, or establishing such a 

monitor if one does not exist.  A “step-out” monitor is a monitor that is located further from the landfill than 

another monitor on a line extending at right angles (approximately) to the property boundary.  There are a 

number of monitors where associated “step-out” monitors are already in place.  Under the existing Action Plan, 

no additional actions are required if the outermost “step-out” monitor in a set is under the appropriate criteria for 

that monitor.  There are six such sets of monitors; sets A to F, as illustrated in Figure 3.  A “step-out” monitor 

exists for every currently active monitor that has exceeded an associated action level specified in the current 

LGMP.  

As can be seen in Figure 3, there are some “near boundary” and “outside boundary” monitors that have no 

associated “step-out” monitors.  The associated action level for “near boundary” monitors is 10% LEL and this 

has been held to apply for the “outside boundary” monitors as well.  There are several “inside boundary” 

monitoring wells that do not do not have associated “step-out” monitors, including VP11-07, VP11-08, VP11-09 

and VP12-01.  Since these are “inside boundary” monitors, under the current LGMP the action level would be 

25% LEL.  However, since there are no associated “step-out” monitors, adopting an action level of 10% LEL is 

recommended for these monitors unless a new “step-out” monitor is installed.  Essentially, an overarching “rule” 

is being applied: if there are no monitors further from the centre of the landfill approximately in line with a given 

monitor, then the action level for that monitor is 10% LEL, irrespective of position relative to the landfill boundary.  

If there are associated step-out monitors, then the action level is set at 10% LEL for all near and outside 

boundary monitors, and at 25% LEL for inside monitors.  This rule is illustrated in Figure 4. 

As noted, under the proposed new rule the action level for several monitors would change from 25% LEL to 10% 

LEL, including VP11-09, which is significant since the highest methane level recorded for this monitor in 2013 

was equivalent to 20.5% LEL in March of 2013.  A reading of 20.5% LEL is under the action level currently 

outlined in the LGMP for this monitor because it is an “inside boundary” monitor, but would exceed the proposed 

10% LEL limit recommended because there is currently no associated “step-out” monitor.  Thus, an additional 

step-out monitor that would be associated with VP11-09 might be required if the proposed modification to the 

LGMP is adopted and if the 10% LEL is exceeded again.  However, it should be noted that since starting 

implementation of the LGMP in May 2013, the highest methane level recorded at VP11-09 was only 1.1% LEL.  

Golder envisions that post-closure monitoring requirements may change significantly after closure works are 

completed, depending in part on future results and upon the nature of any landfill gas control works 

implemented.  The monitoring program will continue to be evaluated as new information is gathered, and 

recommendations for modifications, if any, will be part of the annual landfill reports. 
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2.3 Revision to Data Collection Procedure 

The methods of data collection were reviewed after completion of the LGMP and modified to allow results to be 

assessed more quickly.  Data is still recorded manually on paper forms, but a digital collection system that can 

be used on “smartphones” was implemented.  Data is recorded in the field and sent from the field to a qualified 

professional, who can then compare the results against action levels, and then implement the Action Plan, which 

may involve notification of the MoE and development of a detailed plan by a qualified professional, in 

consultation with the RDCO and MoE.  

 

2.4 Proposed Revision to the Action Plan 

As discussed in Section 2.2, Golder has proposed that action levels for monitors be set following the procedure 

summarized in the flow chart presented in Figure 4, and the action levels for each of the current monitors is 

summarized in Figure 5.  In the LGMP, the first step to take if a methane level above the action level was to 

recalibrate instruments and retest within a week.  However, as discussed in Section 2.3, with changes in how 

quickly field data can be assessed and how quickly possible calibration issues can be assessed, the revised 

procedure assumes that recalibration and repeating the measurements will take place within 24 hours rather 

than within one week, and thus is now considered a step completed as an integral part of the sampling round 

rather than as part of a follow-up round.  Given that “step-out” monitors have already been established for most 

of the monitors that have historically exhibited methane levels above their associated action level, the next action 

is to determine the levels in the “step-out” monitors.  If the methane levels in the “step-out” monitor furthest from 

the landfill are less than 10% LEL, then under the LGMP no further action is required.  The proposed revised 

methane Action Plan is summarized in the flow chart presented in Figure 6. 
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3.0 GROUNDWATER MONITORING 

Groundwater monitoring is currently conducted quarterly at five “down-gradient” locations: BH-1, BH-2, BH-3, 

BH-4, BH-5, and BH-7 (see Figure 7).  Water samples are tested for a defined set of parameters and water level 

measurements are also recorded.  The results of analyses to 2005 for a residential well that no longer exists, 

generally referred to as “Dobbin’s Well”, was located on the “upgradient” side of the landfill, were sometimes 

used to represent possible background groundwater conditions.  At present there are no “background” monitors 

being sampled. 

Golder proposes some changes to the groundwater monitoring program with respect to monitoring background 

conditions, the frequency of sampling and analysis and the frequency of groundwater level measurements. 

 

3.1 Background Monitoring 

Dobbin’s Well was completed to a depth of 180 feet, or just less than 55 m.  This is considerably deeper than the 

groundwater monitors, which range from less than 1 m in depth to just over 17 m in depth.  The monitors closest 

to Dobbin’s Well – MW99-1, MW99-2, MW99-3 and MW99-4 – varied between 6 and 7 m deep, and extended to 

about 1 to 2.5 m into bedrock.  Dobbin’s Well extended through about 1.2 m of “soft bedrock” and was drilled 

another 44.5 m into “bedrock” according to the well log (see Appendix A).  It is quite likely that Dobbin’s Well is 

associated with a deeper bedrock aquifer rather than the groundwater monitors currently in use (Golder 

Associates Ltd. 2014).  While Dobbin’s Well may be upgradient of the site, it is not necessarily completely 

representative of the near surface groundwater quality upgradient from the landfill. 
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While leachate may impact the balance of the major cations and anions somewhat, there should be some 

correspondence in both the concentration of the major cations and anions and their relative amounts.   

The relatives abundance of the major cations (Ca – calcium, Mg – magnesium, Na – sodium and K – potassium) 

and anions (total alkalinity as CaCO3, SO4 – sulphate and Cl – chloride) for the period of record are presented in 

Figure 8 for the existing monitors and for Dobbin’s Well and MW99-2, a monitor that exists on site but is not 

currently part of the groundwater monitoring program. 

 

 

Figure 8: Relative Abundance of Major Ions, by Monitor 

 

Both the relative and absolute abundance of the major cations and anions are quite different in Dobbin’s Well, 

compared with the other monitors.  In Dobbin’s Well, sodium is the most abundant major cation (more so than 

calcium and magnesium combined), whereas in the other monitors the relative abundance of calcium and 

magnesium cations is greater than sodium.  MW99-2 is located upgradient of landfill, but at shallower depth than 

Dobbin’s Well.  The results presented in Figure 8 suggest that MW99-2 is more similar in composition to the 

other monitors and since it appears to tap a shallower flow zone similar to that tapped by the other monitors, and 

thus may be more suitable as a background monitor than Dobbin’s Well.  Golder recommends including this 

monitor in the sampling rounds again. 
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3.2 Monitoring Frequency 

As noted, monitoring currently takes place on a quarterly basis.  Since the landfill no longer receives waste, has 

interim cover in place, and construction of a final cover system is underway, the risk that something will be 

introduced into the landfill that results in a sudden change in leachate generation and thus produce a “spike” in 

values is expected to be lower than it might be when the landfill was actively in operation.  However, it is still 

necessary to assess trends over time.  The key issue is whether such trends can reasonably be assessed with 

less than quarterly monitoring. 

Golder has completed a limited analysis of historical data for selected parameters for the monitors  

currently included in the monitoring program.  As discussed in 2013 Annual Operations and Monitoring Report 
(Golder Associates Ltd. 2014), chloride, ammonia, nitrate, iron and manganese are considered as key indicators 

of “possible” impacts on groundwater quality.  They are described as indicators of “possible” impacts since there 

are factors other than leachate that can influence the concentration of each one of these.  Perusal of the results 

to date that for most of the key indicators suggested that where there are temporal trends, the variation within 

years appears, qualitatively at least, to be limited relative to the longer term trends.  

Golder recommends that the MoE consider a phased reduction in groundwater monitoring.  The first phase 

would involve moving to two rounds per year until the current landfill works are completed.  At some point after 

closure works are completed, the matter would be revisited to consider reducing to annual monitoring, assuming 

the results support such a change, and continuing until such time as the results warrant considering removing 

groundwater monitoring requirements. 

If the monitoring frequency is reduced to twice per year, Golder suggests that the rounds be spaced 

approximately six months apart, with sampling either in Q1 and Q3, or in Q2 and Q4.  Golder reviewed historical 

data to determine if one of these possibilities should be preferred to the other.  To gain more insight into this 

issue, the correlation between the readings in a given quarter and the average of the results for the other three 

quarters was estimated for selected parameters for results from each of BH-1, BH-2, BH-4, and BH-5.   

There were too few results for BH-2 and BH-7 to include them in this analysis.  The parameters used for this 

analysis were chloride and manganese, two of the key parameters discussed in detail in the 2013 Annual 
Operations and Monitoring Report.  The other key parameters – ammonia, nitrate and iron – were excluded 

since for some monitors at least there were a significant number of results below the detection limit, which 

compromises the estimation of a correlation coefficient.  Only years with results from all four quarters were 

included in the analysis (four to six years of data, depending on the monitor).  The results are summarized in 

Table 3, below. 
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Table 3: Correlation of Average in Quarter to Average for Remaining Quarters for Selected Parameters 

Period Q1 Q2 Q3 Q4 

Chloride 

BH-1 0.49 0.28 0.13 0.46 

BH-2 0.88 0.98 0.93 0.95 

BH-4 0.53 0.86 0.78 0.16 

BH-5 0.92 0.98 0.97 0.81 

Top Ranked 1 3 0 0 

Average 0.70 0.77 0.70 0.59 
Manganese 

BH-1 0.94 0.88 0.96 0.83 

BH-2 0.36 0.74 0.21 -0.58 

BH-4 0.25 0.91 0.37 0.88 

BH-5 -0.38 0.57 1.00 -0.47 

Top Ranked 0 2 2 0 

Average 0.29 0.78 0.63 0.17 

 

As summarized in Table 3, the results from Q2 show the highest correlation with the average for the remaining 

three quarters.  The data analyzed is limited, and therefore the results are not definitive, but the results suggest 

that Q2 would be the best time to sample if monitoring eventually reduces to annual sampling.  On this basis, it is 

recommended that Q2 be one of the quarters in which sampling takes place if the frequency is reduced to twice 

per year, which implies sampling in Q2 and Q4.  Thus, for a phased reduction the sequence would be sampling 

and analysis in Q2 and Q4, followed by sampling in Q2 only at some point after closure works are completed, if 

continuing results suggest that is reasonable.  

In Figures 9 through 13, the time series for the annual average value of chloride, ammonia, nitrate, iron and 

manganese are shown along with the time series for the average of Q2 and Q4 values.  For some years, there is 

not data for all four quarters, or not all four sets collected in the year are in separate quarters (for example, there 

may be two rounds within a quarter if there are delays due to weather or other issues), hence Figures 9 through 

13 do not perfectly represent how well the average for Q2 and Q4 tracks the annual average, but the results 

suggest that long-term trends in these parameters would be captured reasonably well by a monitoring program 

that consists of two rounds per year, in Q2 and Q4 of each year.  
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Figure 9: Chloride - Average Concentration based on Annual and Q2 plus Q4 results 

 

 

 

Figure 10: Ammonia - Average Concentration based on Annual and Q2 plus Q4 results 
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Figure 11: Nitrate as N - Average Concentration based on Annual and Q2 plus Q4 results 

 

 

 

Figure 12: Iron - Average Concentration based on Annual and Q2 plus Q4 results 
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Figure 13: Manganese - Average Concentration based on Annual and Q2 plus Q4 results 

 

 

3.3 Water Level Measurements 

Water level measurements are currently taken at the monitors that are part of the current sampling and analysis 

program (BH-1, BH-2, BH-3, BH-4, BH-5 and BH-6) and from some monitors (MW99-2, MW99-3 and MW99-4) 

that were formerly sampled (Figure 7).  The water level data from the MW99 series of wells has been recently 

used in assessing causes of the apparent increase of surface water ponding on the west side of the landfill, as 

will be discussed further in Section 0.  Golder suggests that monitoring water levels in the MW99 series wells be 

continued in 2014 and then re-evaluated.  The water levels would be determined at the same time as the 

proposed sampling rounds. 
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4.0 SURFACE WATER MONITORING 

Surface water ponding on the west side of the landfill was noted early in 2013.  Some surface water ponds had 

been observed to be present in this area previously, but the amount of ponding in 2013 was greater than what 

had been observed in recent years.  Since there have been some changes in land use to the west, there was at 

least the possibility that the apparent increase in surface water ponding was related to these changes.   

Golder began monitoring the pond levels and also estimated seepages discharge rates to provide baseline 

measurements; see the 2013 Annual Report for additional discussion (Golder Associates Ltd. 2014). 

Monthly climate data for Environment Canada’s Kelowna MSWO site was compiled for the period 1998 to 2013.  

As can be seen from Figure 14, precipitation in both 2012 and 2013 was over 20% greater than the average for 

the period, and was higher than for any year since 2004.  Thus increased recharge, resulting in increased water 

table elevations may be a contributing factor.  Observations on site and reference to exiting mapping suggest 

that, although precise measurements are not available, there was an excavation at some point in the vicinity of 

these ponds that may result in the ponds being deeper and more extensive than they would have been prior to 

the excavation.  The date of excavations is not known, but it is expected that they were completed at some point 

prior to end of filling in 2010. 

 

Figure 14: Annual Precipitation, Kelowna, 1996 to 2013 

 

Golder recommends that water level elevations for the ponds continue to be completed with each groundwater 

monitoring event, but if observations during landfill gas monitoring rounds suggest that there have been 

significant changes in surface water levels, then groundwater level measurements should be completed.  Golder 

also recommends that the elevations of local benchmarks for pond level measurements be determined as part of 

future survey work that is expected to be completed in 2014. 
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5.0 SITE INSPECTION 

Operational Certificate PR12217 (Section 3.4) includes the requirement that vegetation be inspected at least 

once per year during the growing season to determine if environmental impacts are occurring.  Golder 

recommends that a site walkover be completed annually, focusing in particular on identifying areas of surface 

erosion, differential settlement and the “health” of vegetation.  It is recommended that the inspection be 

completed in the period from April to October to satisfy the requirement that the vegetation inspection be 

completed within the “growing period”.   

 

 

6.0 REPORTING 

Groundwater and landfill gas monitoring results are currently reported annually.  It is proposed that the results of 

surface water monitoring and the annual site inspection be included in the annual report.  As outlined in the 

proposed revised Action Plan (see Section 2.4), notification of the MoE may be necessary after a monitoring 

round is completed, depending on the results. 
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7.0 SUMMARY OF RECOMMENDATIONS 

The recommendations for interim and possible long-term monitoring timing and frequency for landfill gas, 

groundwater, surface water, site inspection and reporting are summarized in Table 4, along with a summary of 

the current programs.  The recommended changes from the current program need to be reviewed with 

representatives of the MoE before implementing them. 

Table 4: Summary of Proposed Interim Landfill Monitoring Program 

Month 
Landfill Gas Groundwater Surface Water Site Inspection Reporting 

C I L C I L C I L C I L C I L 

Jan   TBD     O TBD       

Feb   TBD     O ?       

Mar   TBD     O ?    
  ? 

Apr   TBD     O ?  

S
ite

 In
sp

ec
tio

n 

S
ite

 In
sp

ec
tio

n May   TBD   ?   ?     

Jun  P TBD     O ?     

Jul  P TBD     O ?     

Aug   TBD     O ?     

Sep  P TBD     O ?     

Oct  P TBD     O ?     

Nov   TBD      ?       

Dec   TBD     O ?       

C= current program, I = proposed interim program, L=long-term (anticipated, subject to revision) 
P = partial round (BH102, BH103, VP07-11, VP11-09, VP11-06, VP11-07 and VP11-08) 
O = water levels would be observed, and measured if deemed important 
TBD = to be determined 

 

Table 4 provides a capsule summary of many of the recommendations in this report.  Golder also recommends 

that: 

 the action levels for landfill gas monitors would be set by the procedure summarized in Figure 4 and would 

result in the action levels being set for individual monitors as shown in Figure 5, and the Action Plan 

associated with methane measurements is summarized in Figure 6; 

 groundwater monitor MW99-2 be added to the list of monitors that are sampled and analyzed; 

 groundwater level measurements for MW99-3 and MW99-4 be completed with each round of groundwater 

monitoring; 

 one surface water sample be collected and analyzed for the same set of parameters as groundwater 

samples (the need for additional sampling would be assessed based on the results of the results); and 

 the benchmarks for the measurements of surface water levels be included in future site surveys. 
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APPENDIX A  
“Dobbin’s Well” Log 
 



 

 
Report 1 - Detailed Well Record  

Well Tag Number: 56228
  
Owner: LORNE DOBBIN 
  
Address: ASQUITH RD 
  
Area: WESTBANK 
  
WELL LOCATION: 
OSOYOOS (ODYD) Land District  
District Lot: 3485 Plan: 18545 Lot:  
Township:  Section:  Range:   
Indian Reserve:  Meridian:  Block:  
Quarter:  
Island:  
BCGS Number (NAD 27): 082E082422 Well: 14 
  
Class of Well:  
Subclass of Well:  
Orientation of Well:  
Status of Well: New 
Well Use: Private Domestic 
Observation Well Number:  
Observation Well Status:  
Construction Method: Drilled 
Diameter: 7.0 inches 
Casing drive shoe:  
Well Depth: 180 feet 
Elevation:    0  feet (ASL) 
Final Casing Stick Up:  inches 
Well Cap Type:  
Bedrock Depth: 30 feet 
Lithology Info Flag:  
File Info Flag:  
Sieve Info Flag:  
Screen Info Flag:  
  
Site Info Details:  
Other Info Flag:  
Other Info Details:  

Construction Date: 1986-07-10 00:00:00
  
Driller: Capri Drilling 
Well Identification Plate Number:  
Plate Attached By:  
Where Plate Attached:  
  
PRODUCTION DATA AT TIME OF DRILLING: 
Well Yield:    15 (Driller's Estimate) Gallons per Minute (U.S./Imperial) 
Development Method:  
Pump Test Info Flag:  
Artesian Flow:       
Artesian Pressure (ft):  
Static Level:  
  
WATER QUALITY: 
Character:  
Colour:  
Odour:  
Well Disinfected: N 
EMS ID:  
Water Chemistry Info Flag:  
Field Chemistry Info Flag:  
Site Info (SEAM):  
  
Water Utility:  
Water Supply System Name:  
Water Supply System Well Name:  
  
SURFACE SEAL: 
Flag:  
Material:  
Method:  
Depth (ft):  
Thickness (in):  
  
WELL CLOSURE INFORMATION: 
Reason For Closure:  
Method of Closure:  
Closure Sealant Material:  
Closure Backfill Material:  
Details of Closure:  

Screen from to feet Type Slot Size  
Casing from to feet Diameter Material Drive Shoe

GENERAL REMARKS: 
   
  
LITHOLOGY INFORMATION: 
From     0 to     5 Ft.   topsoil       
From     5 to    12 Ft.   gravel and sands       
From    12 to    30 Ft.   consol. clay and gravel       
From    30 to    34 Ft.   soft bedrock       
From    34 to   180 Ft.   bedrock       

� Return to Main 

� Return to Search Options 

� Return to Search Criteria 

Information Disclaimer 
The Province disclaims all responsibility for the accuracy of information provided. 
Information provided should not be used as a basis for making financial or any other 
commitments. 

Page 1 of 1

17/07/2013http://a100.gov.bc.ca/pub/wells/wellsreport1.do?wellTagNumber=000000056228&lyr=1...
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