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1. Introduction 

GHD was retained by Comox-Strathcona Waste Management (CSWM), a function of the Comox 
Valley Regional District (CVRD) and the Strathcona Regional District (SRD), to prepare the following 
Closure and Upgrading Plan for the Campbell River Waste Management Centre (CRWMC or Site). 

The Site currently operates under Operational Certificate MR-02401, dated December 2, 2003 (OC) 
issued by the British Columbia Ministry of Environment and Climate Change (ENV), and last 
amended on May 19, 2020. The OC replaced the original permit issued in November 1973. A copy 
of the OC with the OC amendment letter are provided in Appendix A. 

As indicated in the Landfill Criteria for Municipal Solid Waste (ENV, 2016) [Landfill Criteria], the ENV 
requires the submission of a Closure Plan two years prior to commencing closure or partial closure 
of a landfill cell. The landfill at the Site is forecasted to reach its airspace capacity in 2022. This 
report is being prepared as a combined Closure and Upgrading Plan. One of the amendments to the 
OC is the requirement for an Upgrading Plan for any non-conformances with the Landfill Criteria 
identified as part of the Landfill Criteria Conformance Review. This Closure and Upgrading Plan 
(Closure Plan) has been prepared in general accordance with the requirements of the Landfill 
Criteria. 

1.1 Site Location 

The CRWMC is located on Crown Lands within the city limits of Campbell River, British Columbia 
(BC) at 6700 Argonaut Road approximately 7.5 kilometres (km) west of the city centre. The Gold 
River Highway (Highway 28) is located to the north and west of the Site. McIvor Lake is located on 
the opposite side of Gold River Highway. The Site is bounded to the south and south east by 
Argonaut Road. 

The southern portion of the Site was previously located on 3 property blocks including Block C, 
together with that part of Block A, and that part of Block K all part of District Lot 85, Sayward District. 
On January8, 2019, the three property blocks were combined into one property block. The current 
legal description for the southern half of the Site is Block M all, part of District Lot 85, Sayward 
District. The Licence of Occupation No. V934579 for Block M is provided in Appendix B. 

The legal description of the northern portion of the Site is Block J, all part of District Lot 85, Sayward 
District. Lease No. 103555 for Block J is provided in Appendix B. 

1.2 Regulatory Setting 

The following provincial regulations are applicable to the design, operations, and monitoring of 
municipal solid waste landfills in BC and have been considered in the preparation of the Closure 
Plan: 

• Environmental Management Act 

• Comox Strathcona Waste Management - 2012 Solid Waste Management Plan, December 2012 
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• Second Edition Landfill Criteria For Municipal Solid Waste, June 2016 (hereinafter referred to as 
"Landfill Criteria") 

• Guidelines for Environmental Monitoring at Municipal Solid Waste Landfills, January 1996 
(hereinafter called the "Environmental Monitoring Guidelines") 

• Landfill Gas Management Regulation 

• A Compendium of Working Water Quality Guidelines for British Columbia 

• Contaminated Sites Regulation 

• Hazardous Waste Regulation 

• Groundwater Protection Regulation 

2. Background 

2.1 Site History 

Prior to waste disposal operations at the Site, the Site operated as an aggregate extraction facility. 
According to CH2MHILL's 2009 closure plan, the Site was subsequently used as an unregulated 
dump site prior to the 1970s. Waste burning took place at the Site as well as disposal of liquid 
wastes (EBA, 2014). The City of Campbell River took over Site operations in the mid 1970s until 
ownership was transferred to the CVRD in 1999 (EBA, 2014). A private contractor, Berry and Vale, 
has operated the Site since 1996, and under contract with the CVRD since 1999. 

The Site's entrance facility, material recovery area and the landfill are located on Block M. Block J is 
primarily used for extraction of sand and gravel for use as cover material for the landfill. The updated 
surface water management plan includes the establishment of a surface water management pond 
(SWM Pond) within Block J, which was constructed in 2018. 

According to the CVRD and SRD’s Solid Waste Management Plan (SWMP), the Site was projected 
to reach its capacity in early 2012. A transfer station was constructed in 2011 to divert certain 
incoming waste streams to the Comox Valley Waste Management Centre (CVWMC). In 2014, a 
mechanically stabilized earth wall (MSE wall) was constructed along the southeastern boundary of 
the limit of waste with the aim of addressing slope re-grading concerns and adding approximately 
five years of waste capacity. During the installation of the MSE wall, a portion of the lower slope 
along Argonaut Road was closed with final cover consisting of a low-permeability membrane and 
soil cover. 

2.2 Site Physical Setting 

The following subsections provide an overview of the physical setting of the Site. Figure 1 illustrates 
the topography and features within a 1 kilometre radius of the Site. Figure 2 illustrates the 
topography and drainage in the vicinity of the Site. 
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2.2.1 Topography and Drainage 

Topography in the vicinity of the Site generally slopes downward to the east from McIvor Lake, 
(approximately 400 m to the west of the landfill footprint), flattening out approximately 500 m to the 
east of the Site. The Site is located on the north side of a local valley. The narrow valley floor slopes 
to the east/northeast following the course of Argonaut Road. 

There are no natural watercourses on the Site. Site stormwater is conveyed in a network of Site 
ditches to the stormwater management pond (SWM Pond) located on Block J. 

The closest natural surface water channel is located 400 m northeast of the Site and is one of 
several ephemeral tributaries of Cold Creek. Cold Creek discharges into the Quinsam River 
approximately 3 km northeast of the Site. 

McIvor Lake, which is contiguous with Campbell Lake, is located approximately 400 m to the west of 
the Site with a lake elevation of approximately 175 metres above mean sea level (m AMSL) well 
above the inferred original ground surface elevation of the Site (140 m AMSL). 

2.2.2 Geology 

Overburden geology at the Site is relatively homogeneous and is primarily composed of deposits of 
fine to medium grained sand interbedded with deposits of medium subrounded gravel. Lenses of silt 
and fine grained sand up to four metres in thickness are present in an irregular distribution across 
the Site. 

Decommissioned monitoring well EBA04-5 was the deepest boring within the Site boundaries with a 
depth of 67 metres below ground surface (m BGS). Bedrock was not encountered at monitoring well 
EBA04-5. Bedrock is also not encountered at private water supply wells, which are approximately 
60 m deep and located approximately 3 km to the northeast to the Site. Bedrock is encountered at a 
depth of approximately 1.8 m BGS approximately 1.5 km to the southwest of the Site based on well 
stratigraphy log for private water supply well (well tag 98020) adjacent to McIvor Lake. The bedrock 
lithology was not indicated on the well log. 

From review of bedrock geology maps of the area, it appears the Karmutsen formation is the 
bedrock unit in the vicinity of the Site. The Karmutsen formation is comprised of volcanic basalts and 
breccias. 

2.2.3 Hydrogeology 

The BC aquifer classification system lists Aquifer 975 to be evident over the extent of the Site. 
Aquifer 975 is classified as a sand and gravel aquifer of moderate productivity, high vulnerability, 
and low demand. 

The Site is located on an unconfined aquifer primarily composed of sands and gravels. Groundwater 
within this aquifer flows to the east northeast across the Site and is generally encountered at depths 
ranging from 24 to 27 metres below ground surface (m bgs). From the mid-1990s to the early 2000s, 
an overall decrease in groundwater elevations within the sand and gravel aquifer by 2 to 4 m is 
apparent based on historical Site groundwater elevation measurements. The cause of this decrease 
in groundwater elevations is unknown, however, this change is not suspected to be related to the 
Site. 
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2.3 Zoning and Adjacent Land Use 

Block M and J, as described in Section 2, are zoned as Industrial Four (I-4) under the City of 
Campbell River Bylaw No. 3250, 2006 (last amended November 4, 2019). Zoning of lands adjacent 
to the Site include Industrial Zone I-3, Rural One (RU-1), and Rural Two (RU-2). A Site Area Zoning 
map is provided as Figure 3. 

The industrial land uses adjacent to the Site include concrete manufacturing and gravel extraction to 
the west and gravel extraction pit to the south. The industrial properties to the west include an auto 
scrap yard, two construction waste landfills, a small lumber mill, an asphalt plant and a salt storage 
shed and a scrap metal yard. 

Forested Crown lands are present to the north, east, and southeast of the Site. 

A residential dwelling is located on the RU-2 zoned property located immediately northeast of the 
Site, and approximately 430 m from the Landfill Footprint. A single residence is present west of the 
Site the east side of Gold River Highway. Several residential dwellings are located on Lakeshore 
Residential (LS-R) located to the west along McIvor Lake. The nearest residential dwelling in the 
LS-R properties is approximately 480 m from the Site and the Landfill Footprint. 

2.4 Site Layout 

Site layout is presented on Drawing C-01. The Site occupies approximately 29.7 hectares (ha) and 
includes two land blocks: 

• Block M (10.72 ha on southern portion of the Site) –Site infrastructure located on Block M 
includes the landfill, perimeter containment berms and wall, access roads, surface water 
management piping and ditching, and the Site entrance facility. The Site entrance facility 
includes Site gate, weigh scales, Site offices, Berry and Vale’s shop, waste drop-off building, 
material recovering area for recyclable materials, and a parking lot. 

• Block J (18.97 ha on northern portion of the Site) – predominantly undeveloped forested land 
and the soil borrow pit, which is used to source granular fill for on-site uses. Block J is also the 
location of the SWM Pond. The surface water discharge from the Site is located at the eastern 
side of Block J approximately 300 metres (m) northeast of the corner of Block M. Block J 
provides the northern buffer zone for the landfill. 

2.5 Estimated Site Life 

The remaining airspace of the landfill is estimated by comparing the existing conditions with the 
proposed final contours for the landfill. Based on a November 5, 2019 topographic survey, the 
remaining airspace between the survey and final design top of waste contours is approximately 
122,950 m3. The corresponding intermediate cover over the landfill area will consume approximately 
25,000 m3, leaving approximately 97,900 m3 of airspace available for landfilling. From November 5, 
2019 to a June 8, 2020 survey, 26,750 m³ of the airspace was consumed, leaving 71,150 m³. 

The average annual airspace consumption rate between 2016 and 2019 was 40,695 m3/year, 
however the prorated annual consumption rate based on the June 2020 data suggests 45,860 
m³/year. To prolong the Site life, the CVRD has opted to transport walking floor trailers to the 
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CVWMC, located in Cumberland, BC, for the last 6 months of the landfill’s life, which will result in a 
30 percent waste diversion during this time frame. 

Considering the remaining airspace, the airspace consumption rate, and planned partial waste 
diversion, approximately 1.7 to 1.85 years of Site life remains as of June 2020. As a result, the 
landfill is forecasted to reach its capacity during late winter or early spring of 2022. As required by 
the Landfill Criteria, this Closure Plan is being submitted to ENV as the Site is within two years to 
closure. 

2.6 Planned Land Use 

The Contaminated Sites Regulation (CSR) contains provisions that may apply during landfill closure. 
Municipal waste landfilling is a specific purpose/activity in Schedule 2 of the CSR that requires a site 
profile in accordance with Section 40 of the Environmental Management Act. The site profile will be 
completed at the time of closure, 10 days prior to the final deposit of waste. 

At the time of final closure, the Site will be transitioned to a solid waste transfer station. The transfer 
station will be used for the collection of waste from Campbell River and surrounding communities, 
and transfer to the CVWMC. The remainder of the Site will be occupied by the closed landfill, access 
and maintenance roads, surface water management ditches and pond, environmental monitoring 
infrastructure, LFG collection and flaring infrastructure, and future compost facility. The Site, 
excluding the waste transfer station, will remain closed to the public for the post-closure period to 
protect public safety and prevent damage to Site infrastructure. 

3. Closure and Upgrading Plan Overview 

This Closure and Upgrading Plan includes the following components: 

• Conceptual design of the final cover system and the schedule for the detailed design and 
construction of the final cover system 

• Conceptual design of the LFG collection system and the schedule for the detailed design and 
construction of the LFG collection system 

• Description of the post-closure and operations and maintenance activities 

3.1 Conformance Review 

In accordance with the OC, GHD on behalf of the CVRD, completed a Landfill Criteria Conformance 
Review, the results of which are provided as Appendix C. 

The non-conformances identified are: 

• The requirement for a hydrogeologic impact assessment in support of the Site closure plan 

• The timing for the construction and commissioning of a LFG collection system 

• The timing for the construction of a final cover system 

A Landfill Criteria Upgrading Plan is required to address any non-conformances with the Landfill 
Criteria. This report is being prepared as a combined Closure and Upgrading Plan for 
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non-conforming Site works, which will be addressed through landfill closure. This includes the 
construction of the final cover system and LFG management system. 

The Hydrogeologic Impact Assessment prepared in support of the landfill’s closure is provided in 
Appendix D and forms part of this Closure and Upgrading Plan. 

The schedule for implementing the Closure and Upgrading Plan is provided in Section 8. 

4. Closure Design 

The following sections provide an overview of the existing and design closure features of the landfill. 
The designs and plans presented in this Closure Plan represent a conceptual level design and will 
be developed to a final design level prior to construction. 

4.1 Contours and Grading Plan 

The final contours were developed to maximize available airspace and meet the requirements of the 
Landfill Criteria. The final contour plan for the Site is comprised of an approximate pyramidal shape 
with 3H:1V side slopes that will extend upwards from the existing lower slopes. The pyramidal shape 
will converge to a small top plateau graded to 1:20 slopes at an elevation of approximately 
194 m AMSL. The area of the landfill that will receive final cover is 9.6 hectares. The final contours 
are presented on Drawing C-02. 

The final contours include a haul road terraced on the slope running from the Site entrance area 
along the west and north side of the landfill to the top plateau to provide access to the top of the 
landfill for maintenance. A maintenance road and side slope swale will be cut into the north and east 
side slope of the landfill at elevations of approximately 168 to 172 m AMSL to provide access for 
maintenance. 

All permanent roads will have a maximum grade of 15 percent and will be constructed with an 
adjacent surface water ditch to collect surface water runoff from the road. 

4.2 Final Cover 

The final cover system will be applied over 0.3 m of intermediate cover (native granular soil); a 
0.15 m sand grading layer will be used in areas that have uneven grades or unsuitable soils. The 
final cover will consist of the following layers from top to bottom: 

• 0.15 m of topsoil with suitable vegetation – to provide protection against erosion, prevent 
damage to the underlying layers, and promote evapotranspiration of precipitation. 

• 0.45 m of protective cover soil – to provide a ballast layer, separation from the waste and 
protection against damage to the geomembrane barrier layer. 

• Geocomposite drainage layer – to provide protection against damage to the LLDPE 
geomembrane and to promote surface water runoff. The drainage layer will prevent the build-up 
of pore pressure on the geomembrane to reduce the likelihood of leakage through the 
geomembrane barrier layer. The need for this layer will be evaluated during detailed design 
based on the final cover soil properties and slope stability analysis. 
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• 60 mil linear low-density polyethylene (LLDPE) geomembrane – to prevent infiltration of 
precipitation and control the release of landfill gas. 

• 0.3 m intermediate cover – to provide a smooth, consistent, cushion layer above the waste for 
the installation of the geomembrane barrier layer. 

The final cover system layers are presented on Drawing C-07. Topsoil will be 0.15 m thick and 
capable of supporting healthy vegetative growth. The protective cover soil will be on-Site and/or 
imported sand. All final cover layers will be selected during detailed design. 

The final cover system was designed to minimize infiltration and corresponding leachate generation. 
A water balance model was used to predict the infiltration through the final cover system. The results 
forecast this final cover system to exceed the performance of the minimum final cover specified in 
the Landfill Criteria (i.e., 0.6 m of low-permeable soil). 

The Hydrologic Evaluation of Landfill Performance (HELP) modelling completed to estimate the Site 
leachate generation and the performance of the proposed final cover, predicts that the installation of 
the final cover system will significantly reduce leachate generation to approximately 6.7 m3 per year 
(as compared to the current 87,950 m3 per year). 

4.3 Existing Final Cover Tie-In 

On the eastern side of the landfill, an MSE wall was constructed to buttress an existing steep landfill 
slope and provide additional airspace. The MSE wall consists of alternating layers of granular fill and 
geogrid or wire mat reinforcement. The external slope of the MSE wall consists of a vegetated wire 
facing units installed into the granular fill. The internal slope of the MSE wall is lined with a 60 mil 
LLDPE geomembrane with a 12 ounce non-woven geotextile installed for protection on both sides of 
the geomembrane. The geomembrane system acts as final cover for the lower portion of the slope 
adjacent to the MSE wall. The internal face of the MSE wall was backfilled against with a chimney 
drain consisting of crushed rock and granular fill. 

A portion of the eastern side slope of the landfill surrounding the MSE wall received final cover 
during the installation of the MSE wall. The limit of existing final cover is shown on Drawing C-02 
and the final cover tie-in is shown on Drawing C-07. 

4.4 Surface Water Management 

The surface water management strategy, consisting of mid-slope swales, ditches, and the 
stormwater management pond (SWM Pond), will be maintained at the Site during the post-closure 
period to manage and control surface water flows. In general, the surface water generated on the 
west, north, and upper portion of the landfill will be conveyed to the west and north toward the SWM 
Pond. The surface water generated on the lower portion of the east landfill slopes will be collected in 
the eastern perimeter ditch and conveyed to the north along Argonaut Road. The east and west 
perimeter ditches join together and discharge to the SWM Pond in Block J. Vegetation will be 
maintained on the landfill surface to control erosion and promote evapotranspiration, and in the 
channels to ensure channels maintain their design capacity. The hydrologic assessment was 
completed by developing a hydrologic model of the Site to estimate the runoff volume and discharge 
rate generated for the post-development condition. The location of the surface water ditches is 
shown on Drawing C-03. 
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The SWM Pond, including a lined forebay with a permanent pool for energy dissipation during storm 
events followed by an unlined main pond area, was constructed in 2018. The SWM Pond allows for 
infiltration during smaller storm events, and controlled discharge through the pond outlet under the 
1:100 year, 24-hour storm event. 

The surface water management on-Site at the time of closure will include the following infrastructure 
components: 

• Haul road swale 

• Mid-slope swale 

• Northern Perimeter ditch 

• Southern Perimeter ditch 

• Surface conveyance water pipe 

• SWM Pond 

• Outlet Pipe and Channel 

The proposed surface water management works are shown on the Drawings. 

4.5 Landfill Gas Collection System 

A landfill gas generation assessment was completed as part of the LFG design plan, submitted to 
the ENV as an attachment to the 2017 DOCP in March 2018. The LFG generation assessment was 
updated in spring 2019 as requested by ENV, and has been updated further for this Closure Plan 
(Table 1). The LFG Design Plan is provided in Appendix E. The LFG Design Plan will be updated as 
part of detailed design and implemented upon the closure of the landfill. The following list presents 
the planned LFG infrastructure: 

• Vertical LFG collection wells and buried pipe network 

• Enclosed flare 

• LFG instrumentation (methane and oxygen sensors, flow meter) 

• Condensate management 

• Programmable logic controller (PLC) and data logger 

Collection of operational data of the LFG collection system will also be conducted throughout the 
operation of the system. The LFG system infrastructure will be constructed as part of the final cover 
works for the landfill. 

5. Geotechnical Assessment 

5.1 Slope Stability 

Slope stability of the landfill was previously assessed in the Site Design, Operations, and Closure 
Plan (DOCP) (GHD, 2017) for a worst-case scenario cross section. The slope stability analysis 



 
 
 

Draft Document – For Discussion Only – Final Version May Differ From Draft 

GHD | Closure and Upgrading Plan | 11212013 (01) | Page 9 

resulted in a factor of safety (FS) of 2.49 for static conditions (compared to a target FS of 1.5) and a 
FS of 1.65 for the pseudo-static conditions (compared to a target FS of 1.1). The calculated FSs 
indicate the slopes are acceptable for design. 

5.2 Veneer Cover Stability  

Veneer cover stability analysis was also completed in the DOCP (GHD, 2017), which demonstrated 
that the targeted factors of safety for static conditions were achieved (FS of 1.51). This analysis will 
be reevaluated during the final cover detailed design with properties from actual materials that will 
be used in the final design. Interface shear tests will be performed with the actual materials of 
construction to confirm the preliminary veneer slope stability evaluation summarized above. 

5.3 Differential Settlement 

The native material below the landfill consists primarily of granular materials and, therefore, 
settlements within this layer can be assumed to have occurred practically as soon as loading was 
complete (elastic settlement). It may, therefore, be assumed that the compression (settlement) of the 
natural granular deposits is complete. 

The waste part of a landfill consolidates/settles under self-weight due to the following reasons1: 

• Mechanical - distortion, bending, crushing, and reorientation 

• Smaller sized particles/pieces moving into larger voids 

• Physical-Chemical Change – corrosion, oxidation and combustion 

• Bio-chemical decomposition through aerobic and anaerobic processes 

Due to varying thicknesses of the waste mass and variability in the waste composition, the 
magnitude of settlement can be non-uniform, and can result in differential settlement. The synthetic 
liner systems can stretch to relatively high strain values, typically up to 13 percent before tensile 
yielding occurs. 

The primary settlement of a landfill is mainly due to mechanical reasons and fines moving into larger 
voids, and is typically completed within a few months or years of a closure of a landfill. Secondary 
settlement is due to physical-chemical changes and decomposition of the organic matter and 
continues over many years after the landfill closure. Organics such as vegetables, fruits, paper and 
clothing products take a few months to a few years, generally less than 5 years to decompose. 
Materials such as leather, tin cans, styrofoam and plastics may take 50 to more than 500 years to 
biodegrade. The major component of the secondary settlement occurs within the first few years and 
ranges from 5 to 30 percent of the original waste thickness. 

External loads imposed by a development accelerate and increase the magnitude of settlement. 
Therefore, before a structure is built on a landfill, magnitude and time-rate of settlement must be 

                                                      
1  Edil, T. B., Ranguette, V. J.; and Wuellner, W. W. (1990). “Settlement of Municipal Refuse”  Geotechniques of 

Waste Fills – Theory and Practice STP1070, Landva and Knowels, eds., ASTM, West Conshohocken, PA., 
225 – 239. 
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estimated. The settlement estimates can be made based on experience, settlement observations, 
and numerical modeling. 

Landfilling began in 1973 and was built to elevation ±174 m in October 2018, and at present is at an 
elevation of ±185 m, an increase in height of 9 m in 3 years. The final landfill closure elevation will 
be approximately 194 m, an increase of 20 m in height from the 2018 elevation at the crest of the 
landfill. Assuming that the waste consolidation before 2018 is complete, the maximum landfill 
settlement at its crest can be estimated as 4 m (0.2 x 20 m), assuming a median settlement of 20%. 
The settlement at the landfill edges can be estimated as 2.8 m (0.2 x 14 m), which means that a 
differential settlement of 1.2 m could occur between the crest and edges of landfill. The strain on the 
final cover system geomembrane as a result of this differential settlement is less than the material’s 
13 percent tensile yield value. 

6. Contaminating Lifespan 

The post-closure period, during which the post-closure operations, maintenance, and monitoring will 
be required, is based on the contaminating lifespan (CLS) of the landfill. The CLS is the period of 
time after final closure of the landfill that is required for leachate parameters from the landfill to 
sufficiently decay such that the quality of the leachate meets the applicable BC CSR water quality 
standards. At the end of the CLS, the leachate no longer poses an environmental risk to the 
receiving environment. 

The CLS estimate for the Site was updated by updating the leachate quality inputs into the 
calculations. The previous CLS estimate was provided in the 2017 DOCP used leachate quality data 
from landfill sites of a similar size and climatic setting. The updated CLS estimate completed as part 
of the Hydrogeologic Impact Assessment, uses modelled Site specific leachate quality estimates 
based on the background groundwater conditions and groundwater quality at the limit of waste at the 
Site. 

Using the new input values, the updated CLS estimates for the Site are as follows: 

• Mean estimate of 18 to 56 years 

• Maximum estimate of 33 to 66 years 

Section 7.4 of the Landfill Criteria indicates the estimated CLS of a landfill site must be at least 
30 years, therefore, the 18 year estimate should not be used for future planning for the Site. From 
the updated CLS estimate for the Site, the maximum estimated CLS for the Site is 66 years. This is 
equal to the previous CLS estimate for the Site provided in the 2017 DOCP. 

A detailed description of the updated CLS estimate is included in the Hydrogeologic Impact 
Assessment provided in Appendix D. 
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7. Post-Closure Operations and Maintenance 

7.1 Reporting and Record Keeping Requirements 

The OC requires that an updated DOCP be submitted to the ENV before January 1, 2022. As the 
Site is expected to reach capacity shortly after this date in spring 2022, the current DOCP (GHD, 
2017) will be in place for the remainder of the Site life. 

The post-closure period is defined by the Landfill Criteria as the period of time from installation of 
final cover over the entire landfill to the end of the contaminating lifespan. The CLS for the Site was 
estimated in Section 6 to be 66 years. This Closure Plan documents the post-closure operation and 
maintenance, as well as the post-closure environmental monitoring program, to be carried out 
throughout the contaminating lifespan of the landfill. 

Annual Operations and Monitoring Reports will continue to be submitted throughout the post-closure 
period to document post-closure operations, monitoring events and results, and maintenance 
activities. 

All relevant records as required by the Landfill Criteria, including for at least the last 7 years, will be 
maintained by the Site owner for the duration of the post-closure operations and monitoring period. 
The records will be available either on Site if practical, or at the Site owner’s office for inspection and 
must be submitted to the Director within 14 days of a request from the ENV. 

7.2 Site Infrastructure 

Site access roads will be maintained post-closure to provide safe access to on-Site facilities and for 
conducting inspection and maintenance of landfill infrastructure. Site access roads will be inspected 
annually and repaired as required to ensure safe access for operational vehicles and emergency 
egress. 

Site fencing will be maintained and/or replaced to prevent unauthorized entry to the Site and 
potential damage to Site infrastructure. Upon closure, the bear fence that extends around the 
perimeter of the landfill will be decommissioned and replaced with a suitable fence to prevent public 
entry. Fenced areas will include, at a minimum, the landfill, the LFG flare and associated above 
ground infrastructure, and the SWM Pond. 

Argonaut Road is considered to be a fire break for the Site to the south and east. The other adjacent 
areas around the landfill are not of concern, considering the lack of vegetation in proximity to the 
landfill footprint. 

7.3 Final Cover Inspections and Maintenance 

The final cover will be inspected and vegetation will be managed (cut, removed or restored) as 
required to prevent damage via the growth of deep rooting plants and to facilitate annual 
inspections. Inspection should include identification of any exposed areas of geocomposite drain or 
LLDPE, to ensure that no significant damage has occurred due to plant growth, sloughing of the 
cover, or significant settlement. Damage observed will be noted and repaired as soon as practical. 



 
 
 

Draft Document – For Discussion Only – Final Version May Differ From Draft 

GHD | Closure and Upgrading Plan | 11212013 (01) | Page 12 

7.4 Surface Water Management Works 

Surface water management infrastructure will be inspected annually and damage will be noted and 
repaired as required. The surface water management works include ditches, swales, culverts, pipes, 
and the SWM Pond. 

The SWM Pond will require post-closure maintenance to ensure adequate level of sediment removal 
and design infiltration rates are achieved. Outfalls and inlet structures should be inspected and 
repaired as necessary. Vegetation on banks should be cut as required to maintain design capacity 
and safe access. The forebays and ponds should be inspected annually to estimate the level of 
sediment accumulation, and sediment should be excavated from the base every five years or more 
frequently as needed to maintain design capacity. 

Landfill ditches will require maintenance of vegetation to ensure that their design capacities are 
maintained and erosion, if any, is corrected. Vegetation in ditching should be cut at the minimum 
frequency noted above, or more frequently, if needed. 

Drainage channels will also be inspected for damage caused by settlement, sloughing, or erosion. 
Ditch channels, liners, culvert inlets and outlets and culverts will be inspected to ensure that design 
flows and capacities are maintained. Damage will be noted and repaired as soon as practical. 

7.5 Leachate Management 

The primary objectives of the leachate management plan is to firstly minimize leachate generation, 
carry out comprehensive environmental monitoring of the attenuation processes occurring at and in 
the vicinity of the Site, and to reduce the potential for leachate related impacts to occur at the 
receiving environment. 

The final cover installation will substantially minimize leachate generation, and will be inspected and 
maintained throughout the post-closure period. Further assessment of the post-closure attenuation 
of the leachate at the Site is examined in the Hydrogeologic Impact Assessment Report provided in 
Appendix D. 

Ongoing monitoring of the surface water run-off and the groundwater quality within overburden 
aquifer beneath and downgradient of the Site will be used to ensure that groundwater quality at the 
Site is improving and the Site is meeting the leachate management plan objectives throughout the 
post-closure period. If changes in the groundwater quality do not meet the objectives, a corrective 
action plan will be implemented. 

Currently, a small portion of leachate is collected at the Site in the vicinity of the MSE wall. A toe 
drain at the MSE wall collects leachate from the waste placed behind the MSE wall and also surface 
water, which percolates through the chimney drain inside the MSE wall during storm events. 
Leachate/surface water collected in MSE wall toe drain is directed to a sump located to the north of 
the MSE wall. The sump is a 1.2 m diameter HDPE pipe equipped with a liquid level sight gauge, 
and a hinged lid for removal of collected leachate. 

Post-closure the MSE wall toe drain and sump will continue to collect leachate. A water level logger 
will be installed in the sump to signal the post-closure operator to empty the sump. When the post-
closure operator is signaled to empty the sump, the leachate/surface water will be removed by pump 
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truck as required. Leachate/surface water removed from the sump will be transferred to the CVWMC 
leachate treatment facility, or another licensed facility, for treatment. 

7.6 Landfill Gas Collection System Maintenance 

The operation of a LFG collection system generally will meet the following performance standards 
from the Landfill Gas Management Facilities Design Guidance: 

• Oxygen content should not exceed 2 percent by volume and nitrogen should not exceed 
15 percent by volume at a LFG extraction well. Generally oxygen and nitrogen are below both 
concentrations for active LFG extraction wells at landfill sites. 

• Methane content, oxygen content, carbon dioxide content, nitrogen content, and vacuum and 
valve position must be measured and recorded at all monitoring ports at all wells at least on a 
monthly basis. Monitoring of carbon monoxide and temperature will also be considered when 
developing the operation and maintenance plan. 

• If the LFG analyzer detects high oxygen concentrations (greater than 2 percent by volume), a 
round of field monitoring and balancing must be initiated as soon as practically possible. 

An operation and maintenance plan should be developed as part of the installation of the LFG 
management facility. 

General maintenance will include the following: 

• Weekly operations checks 

• Monthly well balancing 

• Monthly blower/flare station inspection 

• Quarterly flow meter and LFG analyzer check 

• Annual well head assembly inspection 

• Annual blower/flare station inspection 

• Annual blower/motor alignment check 

• Annual flow meter and LFG analyzer maintenance and calibration 

The LFG management system including collection infrastructure and flare will operate after closure. 
The operational life of the LFG management infrastructure will be determined based on reduction in 
methane generation rates, once operational data indicates that methane concentrations are reduced 
to a level which warrants the cessation of the flare operation (less than 500 tonnes of methane 
generated per year, according to the BC Landfill Gas Management Regulation). The LFG generation 
assessment has been updated (Table 1) to extend until less than 500 tonnes of methane is 
expected, which has been estimated at 2035. Operation of the LFG management system past this 
time would be considered voluntary. Post-closure period operation of LFG infrastructure will include 
operation, maintenance and repair (as needed). 

Visual observation of the sub-surface migration of LFG is possible through identification of areas 
impacted by vegetative stress. Vegetative stress occurs due to the displacement of oxygen in the 
soil and the resultant oxygen deprivation of the plant roots. Deterioration of vegetation on or near 
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landfills may be both an aesthetic and a practical issue. In areas where vegetative cover is 
diminished, erosion of the cover may occur. This may result in a "cascade" effect resulting in 
increased LFG emissions. 

7.7 Emergency Response Plan 

An Emergency Response Plan has been developed for the Site in accordance with the BC 
Occupational Health and Safety Regulation 296/97 Part 4, s.4.13 (Emergency Preparedness and 
Response) and Part 5, s.5.97 (Emergency Procedures), as well as the BC Fire Code. 

A copy of the Emergency Response Plan is provided in Appendix G. This plan must be reviewed 
and updated annually to ensure that it reflects current Site conditions and that all foreseeable 
emergency conditions are addressed. The results of the annual review will be included in the annual 
Operations and Monitoring report. 

7.8 Environmental Monitoring 

The purpose of the EMP is to monitor the quality of leachate, groundwater and surface water, and to 
monitor for the presence of LFG at, and in the vicinity of the Site. The EMP will detect actual and/or 
potential landfill-derived impacts to the receiving environment, if occurring. The post-closure 
environmental monitoring program for the Site will include the following: 

• Hydraulic monitoring of groundwater levels 

• Sampling and chemical analysis of surface water, groundwater, leachate and LFG 

• General site inspections for settlement, erosion, and vegetative stress 

The post-closure monitoring program will continue for the duration of the post-closure period. As the 
Site conditions relative to the quantity and quality of surface water and groundwater stabilize and 
become predictable under post-closure conditions, amendments to the environmental monitoring 
program may be warranted. Any proposed amendments to the long-term environmental monitoring 
program will be submitted to the Director for review and approval prior to implementation. 

7.8.1 Water Quality and Landfill Gas Monitoring Criteria 

Groundwater 

Groundwater quality at the Site, as requested by the Director, is compared to the BC CSR generic 
numerical water quality standards (including amendments up to B.C. Reg. 253/2016, November 1, 
2017). The following BC CSR water quality standards are applied to the Site as per Protocol 21 for 
Contaminated Sites – Water Use Determination (MOE, 2017): 

• Schedule 3.2 Column 3 Aquatic Life, Freshwater 

• Schedule 3.2 Column 6 Drinking Water 

Surface Water 

Surface water run-off that is infiltrated (i.e., water in the SWM Pond), is compared to the BC CSR 
generic numerical water quality standards. The following BC CSR water quality standards are 
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applied to the Site as per the OC and Protocol 21 for Contaminated Sites – Water Use 
Determination (MOE, 2017): 

• Schedule 3.2 Column 3 Aquatic Life, Freshwater 

• Schedule 3.2 Column 6 Drinking Water 

Surface water samples collected from SW-1 and SW03-17, which are both located on natural 
watercourses is compared to the BC Approved Water Quality Guidelines (ENV, 2019) and the 
BC Working Water Quality Guidelines (MOE, 2017) . The Drinking Water guidelines and Freshwater 
Aquatic Life guidelines are applied to surface water quality at these locations. 

Surface water locations that are added to the Site’s EMP will be evaluated on a case-by-case basis 
if the BC CSR standards or BC WQGs should be applied. Consideration of the location (e.g. on site 
or off site) and nature (e.g. natural watercourse or infiltration dich) of the surface water sampling 
location will determine which water quality criteria is most appropriate. 

Landfill Gas 

LFG monitoring results will be compared to the criteria summarized in the table below. The 
applicable criteria is dependent on the type and location of the LFG monitoring location. 

Table 7.1 LFG Monitoring Criteria 

LFG Monitoring Location 
Type 

Criteria(1) 

LFG Probe Methane – 5 percent by volume 
LFG Extraction Well Oxygen – 2.5 percent by volume 

Nitrogen – 15 percent by volume 
LFG monitor inside a building Methane – 10 percent of the lower explosive limit (LEL) (0.5% by 

volume). 
(1) Source: Landfill Gas Management Facilities Design Guidelines (BC MOE, 2010) 

7.8.2 Groundwater Monitoring Program 

The post-closure groundwater monitoring program consists of both hydraulic monitoring (water 
levels) and groundwater sampling for field and laboratory analysis. The groundwater monitoring 
program includes 14 monitoring wells on-Site and 11 monitoring wells off-Site. The wells are 
classified as background (upgradient), Landfill wells, and downgradient, as well as deep overburden 
or shallow overburden. The groundwater monitoring wells locations are shown in Figure 4, and 
include the following wells: 

• Background wells: AM02-01, MW01-16 

• Landfill wells, located within the Landfill Footprint or very close to the Site property line. 

– Shallow overburden: EBA04-7, HBT94-1, HBT94-3 

– Deep overburden: EBA04-1, EBA04-6, HBT94-2 
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• Downgradient wells located east of the Landfill Footprint: 

– Northeast downgradient shallow overburden: AG99-06, EBA11-1, EBA11-2, EBA11-3, 
EBA11-4, GLL93-4 

– Northeast downgradient deep overburden: MW04-19, MW08 

– Southeast downgradient shallow overburden: MW02-18, MW03-18, HBT94-5 

– Southeast downgradient deep overburden: AG99-01, AG99-02, AG99-04, AG99-05, MW06, 
MW07 

The post-closure groundwater monitoring program for the Site will be reduced compared to the 
groundwater monitoring program completed during active landfilling. Initially, groundwater sampling 
will continue on a quarterly basis, but a reduced parameter list consisting of leachate indicator 
parameters will be analyzed for the second, third, and fourth quarters. Groundwater samples will be 
collected analyzed for a full suite of parameters during the first quarter including general chemistry 
parameters, nutrients, and dissolved metals. 

Appendix F provides the proposed initial post-closure water quality monitoring program summary for 
groundwater at the Site. 

Monitoring wells MW06, MW07, and MW08 will be installed prior to closure of the landfill. The 
locations of the additional monitoring wells are indicated on Figure 4. The rationale for the location 
for each well is summarized in Table 7.2, below. 

Table 7.2 Proposed Groundwater Monitoring Locations Summary 

Groundwater 
Monitoring 
Location 

Estimated 
Screen Depth 
(mBGS) 

Rationale 

MW06 22 – 27 To provide shallow groundwater quality data downgradient of 
the southeastern boundary of the limit of waste. This location 
will be screened in the shallow portion of the overburden aquifer 
nested with AG99-02. AG99-02 is screened approximately 
25 metres below the top of the water table. 
MW06 is scheduled for installation in 2020/2021. 

MW07 20 – 25  To provide shallow groundwater quality data downgradient of 
the southeastern boundary of the limit of waste. This location 
will be screened in the shallow portion of the overburden aquifer 
nested with AG99-04. AG99-04 is screened approximately 
25 metres below the top of the water table. 
MW07 is scheduled for installation in 2020/2021. 
MW03/AG99-05, MW06/AG99-02, and MW07/AG99-04 will 
provide well nests that are oriented in a line that runs parallel to 
and downgradient of the Site's southeastern property boundary. 
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Groundwater 
Monitoring 
Location 

Estimated 
Screen Depth 
(mBGS) 

Rationale 

MW08 35 – 40 Provide deep groundwater quality data downgradient of nested 
wells EBA04-6/EBA04-7, The current groundwater monitoring 
program may not adequately monitor the deeper portion of the 
overburden aquifer northeast of the Site. 
MW08 is scheduled for installation in 2020/2021. 

The results of the groundwater monitoring program will be reviewed and documented each year in 
the annual monitoring reports. As the post-closure period progresses, the groundwater monitoring 
program will be further reduced, primarily based on groundwater quality observations at the 
HBT94-1/2/3 well series and a trigger level assessment monitoring program may be proposed.  

7.8.3 Surface Water Monitoring Program 

Surface water monitoring locations are located on Site or downstream from the Site as shown in 
Figure 4. The proposed post-closure surface water monitoring program includes sampling of 
three surface water monitoring locations as follows: 

• SW-1 is located on an ephemeral tributary of Cold Creek. 

• SW03-17 is located on an unnamed pond located upstream of SW-1. SW03-17 was added to 
the Site's surface water monitoring program in 2017, as recommended in the 2016 Annual 
Operations and Monitoring Report to provide additional surface water quality data as SW-1 and 
SW-2 are often dry in the summer months. 

• SWM Pond located on Block J in the Site. 

The post-closure surface water monitoring program for the Site will be reduced compared to the 
surface water monitoring program completed during active landfilling. Initially, surface water 
sampling will continue on a quarterly basis, but a reduced parameter list consisting of leachate 
indicator parameters will be analyzed for the second, third, and fourth quarter. In the first quarter, 
surface water samples collected will be analyzed for various general chemistry parameters, 
nutrients, and total and dissolved metals. Appendix F provides a water quality monitoring program 
summary for surface water at the Site. 

The results of the surface water monitoring program will be reviewed and documented each year in 
the annual monitoring reports. As the post-closure period progresses, the surface water monitoring 
program will be further reduced and a trigger level assessment monitoring program will be proposed. 

7.8.4  Leachate Monitoring Program 

The Landfill was developed as a natural attenuation landfill; therefore, leachate sample collection is 
not possible at this time, as no leachate collection system is in place at the Site. In addition, no 
leachate wells currently exist at the Site. 

Thirty-one LFG extraction wells will be installed within landfill footprint upon Site closure. It is likely 
some of the LFG extraction wells will intersect leachate within the landfill. It is proposed to include 
one of the LFG extraction wells for leachate sampling in order to characterize the leachate within the 
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landfill. The specific LFG extraction well to include in the Site’s EMP will be determined upon 
installation of the LFG extraction wells. The monitoring parameters for the leachate samples will be a 
reduced parameter list of leachate indicators during three out of four quarters and a comprehensive 
list of parameters during the remaining quarter as detailed in Appendix F. 

7.8.5 Landfill Gas Monitoring Program 

The LFG monitoring locations for the Site include LFG extraction wells, subsurface LFG probes, and 
onsite buildings. The location of the LFG probes and onsite buildings are indicated on Figure 4. The 
LFG monitoring locations are as follows: 

• Sixteen LFG probes 

• Thirty one LFG extraction wells 

• Three on site buildings: scale house, office trailer, lunchroom trailer 

The LFG probes will be monitored on a quarterly basis using a GEM 5000 for percent volume 
measurements of methane, oxygen, carbon monoxide, and balance gases. Water level 
measurements will be collected using a water level meter and pressure measurements will be 
collected using a digital manometer. 

The LFG extraction wells will be monitored on a monthly basis using a GEM 5000 for percent 
volume measurements of methane, oxygen, carbon dioxide, and balance gases. 

Each on site building will be equipped with a gas monitor capable of continuous gas monitoring for 
methane. 

7.9 Contingency Measures 

As defined by the Landfill Criteria, contingency measures are practical and implementable measures 
that may be implemented in the event of a failure or non-compliance with the Site’s performance 
criteria. 

The following describes the contingency plan process which could be implemented to deal with any 
future conditions such as unacceptable water quality impacts leaving the Site via surface water or 
groundwater flow, or high levels of LFG in the soil surrounding the landfill. Detailed assessment 
would be required to determine if and when such measures may be required. Detailed design of any 
systems would be required prior to implementation. 

In general, the contingency response and implementation would follow the four steps below: 

• Step 1 – Verification | Verify that trigger criteria have been exceeded through appropriate 
resampling and/or further evaluation. 

• Step 2 – Assessment | Evaluate the likely source of the problem, including completion of 
additional monitoring or investigating required to complete the evaluation. Examine the potential 
impacts and evaluate trends. If further actions are required, proceed to Step 3. 

• Step 3 – Evaluation | Review any pre-determined contingency measures and any other potential 
solutions. Carry out any further investigative/desk tasks necessary to evaluate alternative 
solutions and to develop the selected contingency measure. Proceed to Step 4. 
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• Step 4 – Implementation | Notify the ENV of the need to implement the contingency plan. 
Prepare detailed plans, specifications, and descriptions for the implementation, operation, and 
maintenance of the plan. Review with the ENV and obtain any prerequisite approval. Implement 
the contingency plan. 

While going through the above process, if it is determined that no further action is warranted, the 
routine monitoring program will be re-implemented and re-evaluation of the triggering parameters 
and levels will be undertaken. 

The exact implementation program that is developed and put into place is dependent upon the 
specific situation that is to be addressed. The general contingency action approach presented above 
provides a framework for determining the need for further actions and provides a method to 
investigate and develop actions that are appropriate to the situation. 

The following list presents potential conditions and associated potential contingency measures that 
could be implemented at the Site. 

• Increasing groundwater impacts surrounding the landfill 

– Increase extent and frequency of groundwater monitoring 

– Acquire access to the downgradient land(s) to increase the attenuation and landfill buffer 
zones within the Site 

– Extraction of impacted groundwater 

• Leachate derived impacts are identified in off-site surface water: 

– Increase extent and frequency of surface water monitoring 

– Review surface water management at the landfill to prevent the release of leachate 
impacted water to the surface water management system and increase surface water 
controls 

• LFG impacts are detected at levels higher than 10 percent of the lower explosive limit in on-site 
buildings, or higher than 50 percent of the lower explosive limit at the Site boundary: 

– Increase extent and frequency of LFG monitoring 

– Install LFG migration vents and/or barriers for on-Site structures 

– Install additional LFG collection infrastructure 

The applicability of each contingency measure listed above to the potential Site-specific condition 
would be assessed at the time that the potential condition is identified. 

8. Closure Schedule 

The following table presents the schedule of closure-related activities planned prior to and following 
closure. 
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Table 8.1 Closure Schedule 

Description Type of Activity Timeline 
Detailed Design of Final Cover and LFG 
Collection and Management System 

Design 2020–2021 

CSR Site Profile Report  10 days prior to reaching 
capacity 

Final Waste Placement Operations Spring 2022 
Final Cover Placement and LFG Collection 
System Installation 

Construction Summer/Fall 2022 

LFG Management System (i.e., flare) Installation Construction Summer/Fall 2022 
LFG Collection and Management System 
Commissioning 

Commissioning Fall/Winter 2022 

Post-Closure Period Operations, Monitoring, and 
Maintenance 

Operations Fall/Winter 2022 until 2088 

9. Summary 

This Closure Plan has been prepared in anticipated of the Site reaching capacity in the spring of 
2022, at which time the CVRD will initiate landfill closure works. This report also includes the Site’s 
Upgrading Plan, resulting from the Landfill Criteria Conformance Review. All non-conformities have 
been addressed, with the exception of the construction works (i.e., final cover and LFG management 
facility) that will be constructed in 2022. 

The Closure Plan includes the operations, maintenance, and monitoring that will take place 
throughout the Site’s contaminating lifespan (estimated at 66 years), as well as the post-closure 
environmental monitoring program. 
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All of Which is Respectfully Submitted, 

GHD 
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