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Executive Summary

GHD Limited (GHD) was retained by Comox-Strathcona Waste Management (CSWM), a function of
the Comox Valley Regional District (CVRD), to complete the 2019 water quality monitoring and
prepare this Annual Operations and Monitoring Report (Annual Report) for the Campbell River
Waste Management Centre (Site or CRWMC). The objective of this Annual Report is to summarize
the developmental progress and environmental monitoring for the Site during the 2019 calendar year
(Reporting Period). The Annual Report contains the information required by Section 10.6 of the
Landfill Criteria for Municipal Solid Waste (Landfill Criteria), Section 25.3 of the 2012
Comox-Strathcona Solid Waste Management Plan (SWMP), and Section 3.2 of the Operational
Certificate (OC) MR-02401.

The Site 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 Site is owned by
the CVRD and operated by Berry & Vale Contracting Ltd. under contract with the CVRD. The
authorized works include the municipal solid waste landfill and related appurtenances.

Site Operations and Development

During the 2019 calendar year, approximately 27,318 tonnes of waste was landfilled at the Site,
resulting in an updated per capita disposal rate estimate of 0.63 tonnes/year. Approximately
2,347 tonnes of waste was diverted from the landfill to the end of the Reporting Period.
Approximately 91,508 m? of airspace remains under the current design contours. At this time, the
Landfill is forecasted to reach final capacity in early 2022.

The BC Ministry of Environment and Climate Change Strategy (ENV) is currently working to amend
the Site’s OC. The initial draft of the OC was provided to the CVRD in November 2019. At the time
of preparing this Annual Report, the OC amendment process is still in progress.

Construction for final closure for landfill at the Site is scheduled to be complete by late 2023. The
detailed design of final cover system including the LFG collection system is scheduled to occur in
late 2020/early 2021. Construction of the final cover system, LFG collection system, and flare
compound for the Site is currently scheduled to commence in concurrence with the closure of the
Landfill in 2022 to 2023.

As recommended in the 2018 Annual Operations and Monitoring Report (GHD, 2019) repairs were
made to the riser pipes of HBT94-1, HBT94-2, and HBT94-3, the steel casing was repaired on
AG99-06, and monitoring wells EBA04-3 and EBAO4-4 were decommissioned. A new monitoring
well, MW04-19 was installed west of the surface water management pond in October 2019.

In 2019 the CVRD continued the staged implementation of Site improvements through the
construction of surface water management works in areas of the landfill which had reached final
contours. This included the following:

e Completion of the surface water management pond including inlet and outlet structures and
ditching in Block J at the Site.

e Improvements to the Landfill's north perimeter surface water ditching and south surface water
management piping.
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Environmental Monitoring

Groundwater was observed to flow towards the east across the Site based on water levels
measured during the reporting period, which is consistent with previous years. There is
approximately a 35 m drop in groundwater elevations between background location MW01-16 and
Site monitoring location HBT94-1. In general, groundwater elevation data collected in 2019 showed
lower groundwater levels than recent monitoring years.

Downward vertical gradients were observed at nested wells EBA04-6/EBA04-7 and
MWO03-18/AG99-05 in 2019. Vertical gradients at EBA04-6 and EBA04-7 have historically been
downward. MW03-18 was installed in summer 2018, therefore, limited groundwater elevation data
for this location has been collected to date.

Analytical results for groundwater and surface water samples are compared to the BC Contaminated
Sites Regulation (CSR) (BC Reg. 375/96 including amendments up to BC Reg. 253/2016,
November 1, 2017) Schedule 3.2 Column 3 (Aquatic Life - Freshwater) (FAW) and Schedule 3.2
Column 6 (Drinking Water) (DW).

Surface water analytical results are compared to the British Columbia Approved Water Quality
Guidelines: Aquatic Life, Wildlife & Agriculture (BC ENV, 2018), BC Source Drinking Water Quality
Guidelines (ENV, 2017), and BC Working Water Quality Guidelines: Aquatic Life, Wildlife &
Agriculture (BC Ministry of Environment [MOE], 2017) (WQG) for drinking water (DW) and the
protection of freshwater aquatic life (FWAL).

No landfill derived impacts were observed in groundwater quality at background monitoring well
MWO01-16. Groundwater quality at monitoring well MW01-16 is considered to be representative of
background groundwater quality at the Site.

Leachate impacts continue to be observed in groundwater at monitoring wells located in the Landfill
Area monitoring wells EBA04-6, HBT94-1, HBT94-2 and HBT94-3. Manganese concentrations were
greater than the CSR DW standards during one or more monitoring events in 2019 at HBT94-1.

Discernible changes to the shallow downgradient groundwater quality at EBA11-1 were observed
with increased manganese, iron, chloride, hardness, and alkalinity concentrations. Manganese
concentrations exceeded the drinking water quality CSR standard for one monitoring event
(November) in 2019. Further monitoring at this location is required to determine the potential source
of this change in groundwater quality.

Shallow downgradient groundwater quality southeast of the Site at MW02-18 appears to show some
level of leachate derived impacts. Leachate parameters are elevated in water collected from
MWO02-18 and analytical results for manganese were greater than the applicable CSR standards.
However, monitoring well MW02-18 is located adjacent to a historic dumping ground, therefore, it is
difficult to determine if groundwater quality is adversely affected by the dumping ground, the Site, or
both.

Deep downgradient groundwater quality southeast of the Site at AG99-01, AG99-02, AG99-04, and
AG99-05 remains generally stable over time with minimal leachate impacts observed. Groundwater
quality results from monitoring wells southeast and downgradient of the Site (AG99-01, AG99-02,
AG99-04, and AG99-05) were below the applicable CSR standards for all parameters analyzed in
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2019 with the exception of vanadium concentrations detected at AG99-02 during all monitoring
events. The source of vanadium in groundwater quality at AG99-02 is not known at this time.

Surface water quality monitoring results obtained in 2019 from SW-1 (tributary of Cold Creek) and
SWO03-17 (unnamed pond upstream of SW-1) were assessed. Based on the results from the surface
water samples, the presence of leachate impacts are not suspected, based on low level of leachate
indicator parameters including alkalinity, ammonia, chloride, and conductivity levels.

Recommendations

Based on the findings of the 2019 Annual Operations and Monitoring Report, the following
recommendations are made:

Operations
¢ Continue operating the landfill implementing the 2017 DOCP fill plan.

e Proceed with preparing a Closure Plan report for the Landfill as per the Landfill Criteria. The
Landfill is forecasted to reach capacity in approximately 2 years (first quarter of 2022).

e Monitoring wells MWO01-16, MW04-19, AM02-19, HBT94-1, HBT94-2, HBT94-3 and AG99-06
were surveyed/resurveyed in November 2019. Comparison of the survey results with the
historical survey results indicate some disparities. It is recommended that the CVRD resurvey all
existing monitoring wells to obtain accurate coordinates and elevations to assist with
hydrogeological interpretation.

e Complete the detailed design of the landfill gas collection system in 2020/2021 in preparation for
construction in 2022/2023 to comply with the requirements of the LFG Regulation.

Monitoring Program

e Monitoring well MW04-19 was installed in October 2019. It is recommended that this well be
included in the 2020 monitoring program.

¢ Include recording the water level measurements as measured at the Ladore Dam by BC Hydro
with the Site’s EMP.

¢ Include the SWM Pond in the Site’s surface water monitoring program.

e Proceed with installing the three proposed monitoring wells at the Site in accordance with
schedule provided in the 2017 DOCP, either in 2020 or 2021
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Introduction

GHD was retained by Comox-Strathcona Waste Management (CSWM), a function of the Comox
Valley Regional District (CVRD), to complete the 2019 water quality monitoring and prepare this
Annual Operations and Monitoring Report (Annual Report) for the Campbell River Waste
Management Centre (CRWMC or Site).

1.1 Objectives and Scope

The purpose of this Annual Report is to summarize the Site operations and development activities
carried out during the reporting period and to provide and assess the Site environmental monitoring
data for the 2019 calendar year (Reporting Period). The Annual Report contains the following
information in accordance with Section 10.6 of the Landfill Criteria for Municipal Solid Waste (Landfill
Criteria) (BC MOE, 2016), Section 25.3 of the 2012 Comox Strathcona Solid Waste Management
Plan (SWMP) (AECOM, 2013), and Section 3.2 of the Site’s Operational Certificate (OC) MR-02401
(attached as Appendix A):

o Areview of the preceding year of operation, plans for the next year and any new information or
proposed changes relating to the facility (Sections 3.2, 3.3, 3.11).

e A summary of the landfill operation equipment (Section 3.1).
e Closure works completed (Section 3.3.2).

e Summary of complaints received and the actions taken as a result of the complaint
(Section 3.4).

¢ I|dentification of non-compliance items and proposed action plan and schedule to reach
compliance (if applicable). (Section 3.5).

e Progress report on efforts to resolve previously identified non-compliance items (if applicable).
(Section 3.5).

e Landfill gas quantities collected, flared, and utilized (Section 3.6).
e The tonnage of each type of waste discharged into the landfill or diverted (Section 3.7).

e An updated estimate of the municipal solid waste (MSW) per capita disposal rate
(Section 3.7.1).

¢ A waste area population table including adjusted projected population for the estimated facility
life (Section 3.7).

e A survey including volume changes, on required frequency (Section 3.8).
e The remaining site life and capacity update (Section 3.9).
e Update to the closure and post-closure liability fund estimate (Section 3.10).

e Comparison of the water quality monitoring data with the performance criteria in Section 4 of the
Landfill Criteria for Municipal Solid Waste and the Guidelines for Environmental Monitoring at
Municipal Solid Waste Landfills, interpretation of the monitoring data, identification and
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interpretation or irregularities and trends, recommendations, and any proposed changes to the
monitoring program (Section 5.0).

1.2 Regulatory Settings

The landfill currently operates under OC MR-02401, issued on December 2, 2003, by the British
Columbia Ministry of Environment (MOE). OC MR-02401 replaced the original permit, which was
issued in November 1973 and last amended in July 1992 (CH2MHILL, 2009). A copy of OC
MR-02401 is included in Appendix A. Refuse authorized for disposal at the Site is characterized as
“municipal solid waste as defined under the Waste Management Act”.

Groundwater quality for the Site has been historically compared to the BC Contaminated Sites
Regulation (CSR) (BC Reg. 375/96 including amendments) Schedule 10 (Schedule 10) Column V
(Drinking Water) (DW) and Schedule 6 (Schedule 6) Column Il (Aquatic Life, Freshwater) (FAW) and
Column V (Drinking Water) (DW). On November 1, 2017, the Stage 10 (Omnibus) and Stage 11
(Housekeeping) amendments came into effect, thus replacing the CSR Standards listed above. The
CSR standards applied in this Annual Report are:

e Schedule 3.2 Generic Numerical Water Standards Column 3 (Aquatic Life, Freshwater [FAW])
e Schedule 3.2 Generic Numerical Water Standards Column 6 (Drinking Water [DW])

The appropriate groundwater standards that apply to the Site depend on the current and future
potential groundwater and surface water uses in the vicinity of the Site and the potential for
groundwater or surface water at the Site to flow to surface water bodies that support aquatic life in
the vicinity of the Site. The BC Ministry of Environment and Climate Change Strategy (ENV)
(formerly the BC MOE) Protocol 21 Water Use Determination (Protocol 21) provides the criteria for
selecting the appropriate CSR standards for water quality.

Protocol 21 specifies that Aquatic Life (AW) standards apply to groundwater quality at sites located
within a 500 metre (m) radius of a surface water body. According to iMapBC, accessed February 12,
2019, the Site is located less than 500 m from two fresh surface water bodies: Mclvor Lake and an
ephemeral tributary of Cold Creek. Mclvor Lake is upgradient of the Site and is not a receptor of any
groundwater discharge from the Site. The tributary of Cold Creek is downgradient of the Site and
may potentially be a receptor of groundwater discharge from the Site. Therefore, freshwater AW
standards apply to groundwater at the Site.

Based on the information obtained from iMapBC, accessed March 9, 2020, three water supply wells
are located within a 500 m radius from the Site listed for Private Domestic use. Additionally, based
on GHD’s correspondence with the owner of the adjacent property, located at 5900 Argonaut Road,
there is an unregistered shallow dug well located on the 5900 Argonaut Road property, which is
located less than 500 m from the Site. GHD understands the well is used for domestic purposes at
this time. The DW CSR standards have been applied to the Site in accordance with

Protocol 21.

Surface water analytical results are also compared to the British Columbia Approved Water Quality
Guidelines: Aquatic Life, Wildlife & Agriculture (ENV, 2018), BC Source Drinking Water Quality
Guidelines (ENV, 2017), and BC Working Water Quality Guidelines: Aquatic Life, Wildlife &
Agriculture (BC MOE, 2017) (WQG) for drinking water (DW) the protection of freshwater aquatic life
(FWAL).
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1.3 Annual Report Organization

The Annual Report is organized into the following sections:
e Section1. Introduction

e Section2.  Site Background

e Section3.  Site Operations and Development

e Section 4. Environmental Monitoring Program

e Section 5. Environmental Monitoring Results

e Section6. Summary

e Section7. Recommendations

e Section 8. References

Site Background

2.1 Site Location

A Site location map is presented on Figure 2.1 and a Site Plan is presented on Figure 2.2.
Figure 2.3 presents the land zoning uses in the area surrounding the Site.

The Site is located on Crown Lands within the city limits of Campbell River, BC at 6700 Argonaut
Road, approximately 7.5 kilometres (km) west of the city centre. The legal description for the
southern half of the Site is Block M, all part of District Lot 85, Sayward District. The legal description
of the northern portion of the Site is Block J, all part of District Lot 85, Sayward District. The previous
legal land description for Block M was “Block C, together with that part of Block A, and that part of
Block K, all part of District Lot 85, Sayward District”. The aforementioned lands were all combined
into Block M as per Land Lease V934579 dated January 8, 2019 from the Ministry of Forests, Lands
and Natural Resource Operations.

A portion of Block M and a majority of Block J are located within the ALR as set out by the ALC. The
CVRD has received a variance from the ALC with regards to the current location of the sanitary
landfill and stormwater management pond where they overlap with ALR lands. The ALR boundary
also includes land parcels located north and east of the Site as illustrated in Figure 2.4.

The total Site area is 29.7 hectares. The Site is currently zoned as Industrial Four (I-4) under the
City of Campbell River Bylaw No. 3250, 2006, consolidated to bylaw 3743, 2019 (last amended
November 4, 2019).

Island Ready Mix is located immediately to the west of the Site and houses operations and
equipment for concrete manufacturing and a gravel pit. West Shore Aggregates Ltd. operates a
gravel pitimmediately to the south of the Site. The West Shore Aggregates property also has a
landfill permitted to discharge refuse from “dryland log sorting, land clearing, construction and
demolition operations” under permit PR-07730.
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Mature forests situated on Crown Land are located to the north and east of the Site. There are three
residential dwellings located approximately 500 m to the northeast of the landfill footprint. The
property immediately to the east of Block J is occupied by a single dwelling residential lot.

There are also several active and historical industrial operations in the vicinity of the Site. Active
industrial operations include an auto scrap yard, three construction waste landfills (permits
PR-07730, PR-10807, and PR-9081), aggregate extraction pits, an asphalt paving plant, and an
Emcon facility, which includes a salt storage shed. Historical operations in the area include a crane
operation, which housed facilities for cleaning copper coated fish farm nets, and a metal scrap yard.

2.2 Landfill Development

Prior to waste disposal operations at the Site, the Site operated as an aggregate extraction facility in
the 1950s. According to CH2MHILL’s 2009 closure plan, the Site was then 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 & Vale
Contracting Ltd. (Berry & Vale), has operated the Site under contract with the CVRD since 1996.

According to the 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 Site boundary with the aim of addressing slope re-grading
concerns and adding approximately five years of Site life.

Landfilling currently occurs on Block M. Block J is primarily utilized for extraction of sand and gravel
for use as cover material within the landfill. An updated 2017 Design, Operations, and Closure Plan
(2017 DOCP) (GHD, 2017) was prepared in 2017 and was submitted to ENV in March 2018. The
2017 DOCP provides final contours and a closure plan for the Site. The 2017 DOCP includes
updated plans for the management of landfill gas and surface water. In 2018 construction began on
a stormwater management pond (SWM Pond) in Block J and was completed in 2019. Construction
for the final closure works for the Landfill is scheduled for 2022 to 2023.

Figure 2.2 presents a site plan for the Site.

2.3 Topography and Drainage

Topography in the vicinity of the Site generally slopes downward to the east from Mclvor 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. The valley appears to have been
expanded laterally by historical soil extraction operations at the Site and to the southwest of the Site
across Argonaut Road.

There are no natural watercourses on the Site. A constructed surface water infiltration swale is
located along the southeast boundary of the landfill footprint, which collects surface runoff from the
southeast side of the landfill footprint. During periods of heavy rainfall, surface water has been
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observed to flow northeast along the swale infiltrating into the ground within approximately 500 m of
the landfill footprint.

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. Quinsam Hatchery, a salmon hatchery, is located at the
confluence of Cold Creek and the Quinsam River. Quinsam River ultimately drains into the Campbell
River approximately 2.3 km downstream of the confluence of Cold Creek and Quinsam River.

Mclvor Lake, which is contiguous with Campbell Lake, is located approximately 400 m to the west of
the Site with a lake elevation of approximately 180 metres above mean sea level (m AMSL) well
above the inferred original ground surface elevation of the Site (140 m AMSL). A drainage map
illustrating surface water drainage in the area of the Site is presented in Figure 2.5.

2.4 Geologic Setting

2.4.1 Regional Geology

Vancouver Island is part of the Wrangellia Terrane, which includes most of Vancouver Island, Haida
Gwaii, and parts of central Alaska. The Wrangellia Terrane is composed mostly of widespread, late
Triassic aged flood basalts (Greene, Scoates and Weis, 2005). Regional bedrock geology in the
vicinity of the Site is composed of the Vancouver Group of mid to late Triassic age (Guthrie, 2003).
The Vancouver Group is composed of undivided sedimentary rocks, marine sedimentary volcanic
rocks, and small amounts of siltstones.

At several time periods during the Pleistocene Epoch, Vancouver Island was believed to be
glaciated with ice thicknesses up to 2,000 m. During the recession of the last glaciation
approximately 14,000 years ago, glacial and glaciofluvial sediments were deposited, and in some
cases reworked and redeposited, to make up many of the present surficial deposits of Vancouver
Island. These deposits consist of till, which is deposited directly by glacial activity and consist of
larger clasts supported in a matrix of fine grained sediment, and of glacial outwash, which consists
primarily of poorly sorted, coarse grained (sand and gravel) sediments deposited by glacial melt
water (Greene, Scoates and Weis, 2005). The overburden at the Site consists of glaciofluvial and
outwash deposits of sand and gravel.

2.4.2 Site Geology

The understanding of the Site geology presented in the following sections is based on existing Site
borehole logs for the monitoring wells, provided in Appendix C, regional mapping, previous reports,
and well completion logs from nearby private wells.

24.2.1 Overburden 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 fine to medium grained sand and 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
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was not encountered at monitoring well EBA04-5. The boring locations (monitoring wells) are
illustrated on Figure 2.2.

2422 Bedrock Geology

Based on Site borehole logs and private water supply well stratigraphy logs, bedrock has not been
encountered in any boreholes advanced within the Site or immediately to the north and west of the
Site, which are up to 67 m deep. 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 Mclvor 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.

2.5 Hydrogeologic Setting

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. 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 phenomena is not suspected to be related to
the Site.

The Site monitoring wells are generally screened a depths ranging from approximately 1 to 25 m
below the top of the water table within the overburden aquifer. Wells screened less than 15 m below
the top of the water table are considered to monitor the shallow portion of the overburden aquifer.
Wells screened greater than 15 m below the top of the water table are considered to monitor the
deep portion of the overburden aquifer. Further details regarding well depth classification is provided
in Section 4.1.

Figure 5.2 presents groundwater contours for the November 2019 monitoring event. Based on GHD
field measurements, the water table in the vicinity of the landfill is encountered at depths ranging
from 20 to 38 m BGS. Seasonal water table fluctuations ranging from 1.23 m to 3.57 m were
observed in 2019. The lowest groundwater elevations were measured in September during the 2019
monitoring year. In previous annual reports, groundwater contours were generated for spring and fall
conditions. In those reports, it was noted there was not a significant change in the groundwater flow
direction between the spring and fall monitoring events.

Further details of the results of the 2019 hydraulic monitoring program at the Site are presented in
Section 5.2.
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2.6 Potential Receptors

Surface water bodies located within a 500 m radius of the Site are Mclvor Lake and Cold Creek.
Based on the local topography and interpreted groundwater flow direction, Mclvor Lake is located
upgradient from the Site; therefore, it is an unlikely receptor of groundwater or surface water from
the Site. The ephemeral tributary of Cold Creek is located northeast of the Site boundary (750 m
northeast of the waste footprint). Based on local topography, groundwater and surface water
elevations and hydrogeologic conditions (i.e., unconfined sand and gravel aquifer) of the area, the
nearest tributary of Cold Creek is downgradient of the Site. There are no surface water drainages
from the Site to the tributary. Groundwater discharge to this tributary is not confirmed as
groundwater elevations in the vicinity of the ephemeral tributary is not known. Surface water
sampling is carried out on the Cold Creek tributaries east and northeast of the Site. (SW-1 located
on a tributary of Cold Creek located approximately 1,100 m east of the Site and SW03-17 located
approximately 1000 m east of the Site on a pond.)

Based on a search of the iMapBC (accessed March 6, 2020), there are nine water wells within a
500 m radius of the Site. Three (3) of the water wells are listed as water supply wells for Private
Domestic use, four (4) are listed as water supply wells for Commercial/Industrial use, one (1) is
listed as a water supply well for unknown use and one (1) is listed as a decommissioned monitoring
well (Well tag 110853 assigned as monitoring well GLL93-1) in 2013. The well licenses and a map
indicating the locations of the water wells are included in Appendix D.

Well tag 84136 was included in the 2019 environmental monitoring program (EMP) under the label
EBAO4-1. It should be noted the BC Water Resource Atlas indicates that well tag 84136 (labeled
EBAO04-1) is located at the southeast side of the landfill footprint, however, it is actually located at the
southwest corner of the Site.

Well tag 109728 was installed in January 2015 and appears to be located southeast of the landfill
footprint on the south side of Argonaut Road.

Well tags 39950, 73577, 74191, 74207, 93413, and 103257 appear to be located hydraulically
upgradient from the Site; therefore it is unlikely that MSW leachate from the Site will migrate to these
well locations.

GHD understands an unregistered well is located on the 5900 Argonaut Road property
approximately 70 m east of the Block J property line. GHD understands the well is a dug well
currently used for domestic purposes. The well is approximately 7.9 m (26 feet) deep.

Site Operations and Development

3.1 Site Operations

The Site operates 7 days a week from 8:30 a.m. to 5:30 p.m., with the exception of Christmas Day
and New Year’s Day. The authorized works includes entrance facilities, sanitary landfill, recycling
and waste drop off/storage areas, and related appurtenances.
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Entrance Facilities

The Site entrance is equipped with a lockable and electrified gate system, posted signs, power, and
phone connection. The Site receives waste primarily from the Campbell River wasteshed, which
includes the City of Campbell River and the surrounding communities. Waste collected from transfer
stations in Gold River and Cortes Island are also transferred to the Site. A weigh scale and
scalehouse with a full-time attendant are located near the entrance.

Sanitary Landfill

The sanitary landfill (Landfill) is located to the northeast of the entrance facilities. It is a single-cell
unlined natural attenuation landfill.

Transfer Station

The transfer station at the Site currently accepts the following types of waste:
e Household waste (non-recyclable)

e Construction and demolition materials

e Clean wood waste

e Yard waste

e Recyclable drywall

Non-recyclable household waste and construction and demolition waste received at the transfer
station is discharged to the Landfill. Clean wood waste and yard waste received at the transfer
station is diverted from landfill at off-site facilities.

Management of Recyclable Materials

The selected recyclables that are accepted at the Site are:
e Glass containers

e Foam containers

e Paper containers containing liquids

e Plastic film

e Other flexible plastic packaging

e Metal containers

e Hard plastic containers

e Paper and cardboard

e Household batteries (excluding vehicle batteries)

¢ Residential small appliance and power tools

e Larger residential product packaging (e.g. hard plastic pots and trays)

e Scrap metal
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e Drywall

o Refrigerant containing items

e Commercial recyclable hard plastics

e Tires off of rims (commercial and residential)

¢ Light bulbs (commercial and residential)

e Yard waste and grass clippings

e Clean wood waste

e Cooking oil

e Thermostats

e Polychlorinated biphenyls (PCB) ballasts

e Smoke alarms and carbon monoxide detectors
e Commercial and residential motor oil and antifreeze

e Propane cylinders
Fencing

The entrance facilities and landfill area are surrounded by an electric fence operated year-round.

3.1.1 Operational Expenditures

The total 2019 operational expenditures for the Site is $1,860,000. This includes the Site operator,
maintenance expenditures, and Site contractors (e.g. bird control).

3.2 Changes from Approved Reports, Plans, and Specifications

3.2.1 OC Amendment

ENV is currently in the process of reviewing and updating the Site’s OC in response to the CVRD’s
application to amend the OC. The application was made to update the list of authorized works, to
incorporate Block J within the limits of the landfill site (not the area for disposal), and to recognize
the 2017 DOCP.

The current OC for the Site is provided in Appendix A.

3.2.2 Site Closure

The 2017 DOCP fill plan indicated the CVRD would begin to divert walking floor trailers from the Site
to the CVWMC commencing in 2018-2019. In discussion with the Site operators, GHD and the
CVRD in 2019, the CVRD elected to defer the transport of walking floor trailers to the CVWMC until
the last 6 months of the Landfill’s life, when use of the transfer trailers becomes operationally difficult
at the CRWMC. With this additional waste taken into account, the Landfill is expected to reach
capacity in the first quarter of 2022. Further details regarding the estimated remaining site life are
provided in Section 3.9.
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3.3 Site Development

3.3.1 Closure Works Completed

No closure works were completed at the Site in 2019.

3.3.2 Surface Water Management Pond

In 2018 the CVRD undertook staged implementation of Site improvements through the construction
of surface water management works in areas of the landfill which had reached final contours. The
detailed designs of these works were completed by GHD. Based on the detailed designs the CVRD
undertook the partial implementation of improvements including:

e Construction of a surface water infiltration pond including inlet and outlet structures and ditching.

¢ Improvements to the Landfill's north perimeter surface water ditching and south surface water
management piping.

The project was undertaken by the CVRD with Berry & Vale conducting the construction. The first
stage of works were completed in 2019 and included:

e The installation of the SWM Pond including pond inlet and outlet structures, forebay and forebay
berm.

e Connection piping from south landfill ditches.

¢ Improvement and realignment of approximately 75 m of landfill north perimeter surface water
ditching including installation of Cable Concrete® and culverts under planned road access.

e Improvement and realignment of 125 m of landfill south perimeter ditching including 6 m of
Cable Concrete®.

e Construction of SWM Pond perimeter surface water ditching and the revision to exclude Cable
Concrete®.

To accommodate the SWM Pond construction, monitoring well EBA04-3 was decommissioned in
2019 as it was located within the footprint of the new SWM Pond.

3.3.3 Maintenance and Repairs

Ongoing maintenance and repairs of Site equipment was completed as scheduled and required.

3.3.4 Site Buildings

A prefabricated fabric building was constructed at the diversion area of the CRWMC in July 2019.
The fabric building was manufactured by Calhoun and assembled onsite by Absolutely Covered.

The building consists of a lock block foundation, metal framing and a fabric cover. The building is
used to store household hazardous waste.

3.3.5 Monitoring Well Repairs and Decommissioning

In October 2019, a number of repairs were undertaken to monitoring wells, in addition to installation
of a new well and decommissioning of two wells. The PVC riser pipes of three monitoring wells,
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HBT94-1, HBT94-2, and HBT94-3 were repaired, and monitoring well AG99-06 also had the steel
protective casing repaired in to enable the well to be securely locked.

As noted in Section 3.3.2, monitoring well EBA04-3 was decommissioned as it was located within
the footprint of the new SWM Pond, and was inaccessible for monitoring since mid-2018. Monitoring
well EBA04-4 was also decommissioned in October 2019 as it has been previously damaged, and
approximately 2 m of waste are planned to be landfilled in the vicinity of this well over the next

2 years.

Monitoring wells MWO01-16, MW04-19, AM02-19, HBT94-1, HBT94-2, HBT94-3, and AG99-06 were
surveyed/resurveyed in November 2019. Comparison of the survey results with the historical survey
results indicates a different benchmark may have been used to survey the monitoring wells prior to
GHD commencing the monitoring program at the Site as the X and Y coordinates significantly vary.
It is recommended that the CVRD resurvey all existing monitoring wells to obtain accurate X and Y
coordinates and elevations to assist with hydrogeological interpretation.

3.3.6 Composting Facility

In 2019, the CVRD received Board approval for a food and yard waste composting facility on Block J
of the Site. The design of the compost facility is scheduled to be completed in 2020 and construction
will commence in 2021.

3.3.7 Inspections

During repair of the monitoring wells HBT94-1, HBT94-2, and HBT94-3 final cover material in the
immediate vicinity of the wells was removed. Final cover is scheduled to be replaced in spring of
2020.

Otherwise, inspections undertaken on Site for cover integrity, health of vegetation, burrowing
animals, erosion and settlement were reported as good by the CVRD throughout 2019.

3.4 Complaints

The CVRD reported that there were no complaints received throughout 2019 for the Site.

3.5 Emergencies or Non-Compliance Items
The CVRD advised that no emergencies occurred at the Site in 2019.

The CVRD received notice from ENV by means of a warning letter dated March 21, 2019, identifying
non-compliance items with regards to the LFG Regulation. The primary non-compliance item
identified in the inspection letter is the Site did not have an LFG collection system prior to the
construction deadline (2017). The CVRD’s initial response to the inspection letter including the
proposed action plan is documented in the letter dated April 18, 2019, included in Appendix B.

At the time of receiving the notice letter, the CVRD was in the process of preparing an application for
a substituted requirement in accordance with Section 19 of the LFG Regulation. The substituted
requirement application then became a part of the CVRD’s action plan to address the March 21,
2019 letter. The CVRD submitted an application for a substituted requirement under the LFG
Regulation on March 19, 2019. The application for the substituted requirement was based on the
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rationale that the updated design for the LFG collection system was planned to be installed
concurrent with Site closure in 2022-2023 as outlined in the 2017 DOCP. The key design
consideration of the updated LFG collection system design was the concurrent installation of the
final cover system over the Landfill to allow for more efficient LFG collection. The CVRD’s
application for a substituted requirement under the LFG Regulation was refused by ENV.

The CVRD’s current action plan and timeline to construct a LFG collection system at the Site is as
follows:

e Late 2020 — Tender and contract award for detailed design for landfill closure (including LFG
collection system detailed design)

e 2021 — Detailed design for landfill closure and LFG collection system
e 2022 — Begin construction of final cover system and LFG collection system

e 2023 — Complete closure construction

3.6 Landfill Gas Collection

As part of the 2017 Design, Operations, and Closure Plan (GHD, 2018) [2017 DOCP], GHD updated
the most recent Landfill Gas Generation Assessment (Conestoga-Rovers and Associates, 2010) to
assist the development of the conceptual design of the landfill gas (LFG) collection system for the
Site. The updated LFG generation assessment (GHD 2017) predicted that the Site will produce
approximately 1,524 tonnes of methane in 2019 (GHD, 2017). The detailed design of the LFG
collection system is scheduled to occur in late 2020 to 2021. Construction of the LFG collection
system and flare compound for the Site is currently scheduled to commence in concurrence with the
closure of the Landfill in 2022 to 2023.

3.7 Waste Tonnage

Table 3.1 presents tonnages of each type of waste received and discharged to the Landfill in 2019.
Approximately 31,556 tonnes was received at the Site. Approximately 2,347 tonnes of waste was
diverted from the Landfill resulting in a total of 27,318 tonnes of waste landfilled at the Site in 2019.

3.7.1 Estimate of MSW Disposal Per Capita

Table 3.2 presents the current and projected population of the Campbell River wasteshed until the
estimated date of Site closure. Based on a landfilled waste total of 27,318 tonnes and a population
of 43,641 in the Campbell River wasteshed in 2019, the updated 2019 municipal solid waste per
capita estimate is 0.63 tonnes.

3.8 Volume Survey

The annual airspace consumption estimate for 2019 was completed in two calculations. The first
calculation used topographic survey data from October 24, 2018 and November 5, 2019. From these
two surveys approximately 38,282 m? of airspace was consumed between the two surveys. Based
on this survey data, the annual airspace consumption rate is 37,560 m® per year.
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The second calculation used topographic survey data from October 20, 2016 and November 5,
2019. From these two surveys, approximately 125,479 m® of airspace was consumed between the
two survey events. Based on this survey data, the average annual airspace consumption rate is
40,695 m? per year.

3.9 Remaining Capacity and Estimated Site Life

Based on the November 5, 2019, topographic survey, the remaining airspace between the survey
and final design waste contours is approximately 122,950 m?3. The corresponding final cover over
the Landfill area will consume approximately 25,000 m3, leaving approximately 97,900 m? of
airspace for the discharge of waste at the time of the survey. The total remaining airspace is
prorated to a remaining airspace volume of 91,508 m3 as of December 31, 2019.

As indicated in Section 3.2.2, to prolong the site life of Cell 1 at the CVYWMC the CVRD has opted to
defer transporting walking floor trailers from the Site until the last 6 months of the Landfill’s site life.
This results in a 30 percent waste diversion from the Site to CVWMC in the last 6 months of
operating the Landfill.

As indicated in Section 3.8, the average annual airspace consumption rate is 40,695 m3/year. Based
on the remaining airspace, airspace consumption rate, and planned partial waste diversion to the
CVWMC starting in mid-2021, approximately 2.5 years of site life remains (November 2019 to
March 2022). Using these inputs, the Landfill is forecasted to reach its capacity by the spring of
2022. As required by the Landfill Criteria, a Closure Plan must be submitted to ENV two years prior
to closure of the landfill.

3.10 Closure and Post-Closure Fund Estimate

Forecasted closure and post-closure costs for the Site were prepared for the CVRD under separate
cover. The memorandum prepared for the CVRD detailing the forecasted closure and post-closure
costs also includes the Comox Valley Waste Management Centre, Gold River Landfill, Tahsis
Landfill, and Zeballos Landfill. A copy of the memorandum including the information pertinent to the
Site is included in Appendix E.

3.11 Monitoring Well Network Expansion

An additional groundwater monitoring well (MW04-19) was installed in October 2019 to a depth of
35.36 m. The monitoring well completion details and borehole log are provided in Appendix C. The
new well is located immediately west of the SWM Pond. Based on the November 2019 monitoring
event, MWO04-19’s screen is approximately 12 m below the water table, which is interpreted as being
within the shallow portion of the overburden aquifer, but is approaching the deep portion of the
overburden aquifer (15 m below the top of the water table). Further details regarding shallow versus
deep monitoring wells at the Site is provided in Section 4.1. The location of MW04-19 is indicated on
Figure 2.2.

3.12 Operational Plan for the Next 12 Months

Operational plans for 2020 includes the following activities:

e Continue landfilling as outlined in the 2017 DOCP.
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e Prepare a Closure Plan and Upgrading Plan for the Landfill in 2020.
o Detailed design for the closure of the Landfill is scheduled to commence in late 2020.
e Detailed design for the Block J compost facility is scheduled to commence in 2020.

¢ Relocation of some landfilled waste located near the transfer station in order to make this space
available for future works.

e Connection of surface water ditching and the installation of surface water manholes along the
western slope of the Landfill.

e Stockpiling and extraction of sands and gravels to be used as final cover materials will be
carried out in 2020. The sands and gravels will be sourced from the land grading in Block J as
part of the construction works for the organics composting facility.

e As per the 2017 DOCP, there are three monitoring wells proposed to be installed at the Site in
2020 or 2021. The three remaining monitoring wells proposed in the 2017 DOCP will be installed
in 2020 or 2021. The locations for the additional monitoring wells are illustrated on Figure 3.1.

Environmental Monitoring Program

The water quality monitoring program for the Site was developed based on previous water quality
monitoring reports and the requirements for monitoring municipal landfills as provided in Guidelines
for Environmental Monitoring and Municipal Solid Waste Landfills (BC MOE, 1996). The objective of
the program is to identify potential impacts (if any) the Landfill has on the receiving groundwater and
surface water.

Four water quality monitoring events were conducted during the reporting period: April/May, June,
September, and November.

During the reporting period, water quality monitoring was conducted by GHD personnel with
analytical services provided by Canadian Association for Laboratory Accreditation (CALA)
accredited laboratory ALS Canada Ltd, located in Burnaby, BC. Water quality monitoring locations
are presented on Figure 2.2. Monitoring specifications including analytical parameters and
monitoring frequency for 2019 are included in Appendix F.

4.1 Groundwater Monitoring Program

The objective of the groundwater monitoring program is to monitor groundwater quality within the
Site area and to identify, if any, the extent, magnitude and temporal trends of landfill derived impacts
to groundwater quality.

The field component of the groundwater monitoring program consists of both hydraulic monitoring
and groundwater sampling at 21 locations in the Site area. Groundwater monitoring wells (MWs) are
located as shown in Figure 2.2. The 2019 groundwater monitoring program included sampling
individual monitoring wells as follows:

e Background wells: AM02-01, MWO01-16
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o Landfill Wells, located within the landfill footprint or on or near the Site boundary adjacent to the
landfill footprint. For discussion purposes in this Annual Report, the Landfill Wells are further
divided between their screened locations in the shallow (<15 metres below the water table) or
deep portions (>15 metres below the water table) of the overburden aquifer:

— Shallow: EBA04-7, HBT94-1, HBT94-3
— Deep: EBA04-1, EBA04-4, EBA04-6, HBT94-2
e Downgradient Wells located east of the Landfill. The Downgradient Wells are further divided

between the areas northeast of the landfill footprint or southeast of the landfill footprint as well as
their screen locations in the shallow or deep portions of the overburden aquifer:

— Northeast downgradient shallow: AG99-06, EBA11-1, EBA11-2, EBA11-3, EBA11-4,
GLL93-4 and MW04-19

— Northeast downgradient deep: EBA04-3
— Southeast downgradient shallow: HBT94-5, MW02-18, MW03-18
— Southeast downgradient deep: AG99-01, AG99-02, AG99-04, AG99-05
EBAO04-1 is sampled from a tap near the Site scale house upgradient of the estimated limit of waste

but has been included with landfill wells for assessment due to its close proximity to the estimated
limit of waste.

Groundwater samples are collected quarterly as outlined in Table 4.1 and analyzed for various
general chemistry parameters, nutrients, dissolved metals, and volatile organic compounds (VOCs)
at select locations, with the following exceptions:

e GLL93-4 and HBT94-5 were dry for all 2019 monitoring events. These monitoring wells have
been historically dry.

e AMO02-01 was dry during all 2019 monitoring events. AM02-01 has historically been periodically
dry.

e EBAO04-4 was found to be damaged in 2018, preventing it from being sampled in April/May,
June, and September 2019. EBA04-4 was decommissioned in October 2019.

o EBAO04-3 became inaccessible due to construction of the surface water management pond,
preventing it from being sampled in 2019. As a result, it was decommissioned in October 2019.

Well completion details including screened intervals for each groundwater monitoring well are
included in Table 4.2.

4.2 Surface Water Monitoring Program

The objective of the surface water monitoring program is to identify the extent, magnitude (if any)
and temporal trends of potential landfill derived impacts to surface water quality.
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Surface water monitoring locations are located downstream from the Site as shown on Figure 2.2.
The 2019 surface water monitoring program included sampling of two surface water monitoring
locations as follows:

e SW-1is located on an ephemeral tributary of Cold Creek, which drains into the Quinsam River.
SW-1 was sampled during the April/May, September, and November monitoring events.

— SW-1 was not sampled in June 2019 as it was dry.

e SWO03-17 is located approximately 1 km east of the Site on a pond, which at times drains into to
the same ephemeral tributary of Cold Creek that SW-1 is located on. SW03-17 was sampled
during the April/May, June, September, and November sampling events.

4.3 Leachate Monitoring Program

As there is no leachate collection system at the Site, no leachate monitoring program is currently in
place. The Site was originally developed as a natural attenuation landfill.

4.4 Sampling Methodology

Groundwater sampling was conducted in general accordance with BC Field Sampling Manual (MOE,
2013) and consisted of the following methodology:

e Well identification and inspection.
o Water level monitoring followed by well volume calculation.

o Well purging and stabilization monitoring. Purging was completed using a dedicated bailer or
dedicated Waterra™ tubing. A minimum three well volumes were purged at wells with good
recovery. Wells with insufficient yield were purged dry and allowed to recover followed by
sample collection. Field measurements included pH, conductivity, temperature, turbidity, and
oxidation-reduction potential.

e Sample collection using dedicated sampling equipment (bailer or Waterra™).

e Equipment decontamination.

Surface water samples were collected by directly dipping a pre-cleaned unpreserved sample
container below the water surface and then transferring to the appropriate preserved container when
necessary. Field measurements included pH, conductivity, temperature, turbidity,
oxidation-reduction potential, and dissolved oxygen.

Sampling of the domestic well on Site was completed by purging for a period of 20 minutes from an
outside tap followed by direct sample collection. Field measurements collected included pH,
conductivity, temperature, turbidity, and oxidation-reduction potential.

All samples were collected in the appropriate laboratory-supplied sample containers, preserved as
required, packaged in an ice-chilled cooler, and delivered to the laboratory under chain-of-custody
protocol. Groundwater samples designated for dissolved metals analysis were field filtered when
possible.
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4.5 Quality Assurance/Quality Control

In order to ensure adequate quality control for water quality samples, the following quality
assurance/quality control (QA/QC) practices were employed during the reporting period:

e Activities performed by qualified and trained personnel.
¢ Daily field equipment calibration.
o Field QA/QC practices included field duplicate, field blank, and trip blank analysis.

e Data validation was completed by a qualified GHD chemist to assess laboratory and field
QA/QC practices and to determine if the data exhibited acceptable levels of accuracy and
precision.

Environmental Monitoring Results

This section presents hydraulic monitoring results, water quality monitoring results, and a review of
the QA/QC practices conducted to ensure available field and analytical data are suitable for their
intended use. Field data collected during the reporting period is included in Appendix G. Field
sample keys and laboratory reports are also provided in Appendix G.

51 Data Quality Assessment and Validation

Analytical data generated during the reporting period was reviewed by a qualified GHD chemist to
assess laboratory and field QA/QC.

Laboratory QA/QC practices were evaluated by analyzing laboratory holding time periods, method
blank samples, control samples, replicate sample and calibration check samples in general
accordance with USEPA Contract Laboratory Program National Functional Guidelines for Organic
Data Review (EPA-540/R-99/008, October 1999) and USEPA Contract Laboratory Program National
Functional Guidelines for Inorganic Data Review (EPA-540/R-04-004, October, 2004).

Field QA/QC practices were monitored by analyzing field blank, trip blank, and duplicate samples.
The maximum criterion used to assess overall precision for field duplicates is a
relative percent difference (RPD) of 30 percent.

Qualifications were made to the analytical data presented in the following sections based on the
quality assessment and validation results. Overall the data were found to exhibit acceptable levels of
accuracy and precision and are suitable for their intended use with noted qualifiers presented in
Appendix H.

52 Hydraulic Monitoring Results

Hydraulic monitoring data was collected on a quarterly basis in 2019. Results are tabulated and
presented in Table 4.2. Groundwater elevation data collected between 2009 and 2019 is presented
as a hydrograph on Figures 5.1a, 5.1b, 5.1¢, and 5.1d.

Groundwater elevation data collected in 2019 was compared with historical Site data. Groundwater
was encountered at elevations ranging from approximately 151 m AMSL at the upgradient wells to
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109 m AMSL in the downgradient wells in the Site area. The mean groundwater elevation for the
Site is approximately 114 m AMSL. The highest groundwater elevations are found in background
well MWO01-16, located approximately 400 m to the west of the Site property boundary. There is
approximately a 35 m drop in groundwater elevations between background location MW01-16 and
Site monitoring location HBT94-1. There is also approximately a 26 m difference between water
elevations at Mclvor Lake (177 m AMSL) and AM02-01 (151 m AMSL). In general, groundwater
elevation data collected in 2019 showed lower groundwater levels than recent monitoring years.

Groundwater contours were generated for the Site using groundwater elevation data collected in
November and are presented on Figure 5.2. From examination of Figure 5.2, groundwater is inferred
to flow towards the east. The inferred groundwater flow direction was also confirmed for the

May 2019 monitoring event and is consistent with the November representation in Figure 5.2. The
inferred flow direction is also consistent with historical data.

To determine groundwater flow in the vertical direction, the water levels measured in nested
monitoring wells (situated together with varying screen depths) were compared to each other.
Upward gradients represent groundwater flow from deeper elevations to shallower elevations while
downwards gradients represent flow from shallower elevations to deeper elevations.

Groundwater elevation data from nested wells EBA04-6/EBA04-7 show a downward gradient during
each 2019 monitoring event ranging from 0.017 to 0.020 (over a screen separation of 7.6 m). A
slight downward gradient has historically been observed at these monitoring locations.

Groundwater elevation data from nested wells MW03-18/AG99-05 show a slight downward gradient
during the 2019 monitoring events ranging from 0.003 to 0.004 (over a screen separation of 18.3 m).

5.3 Groundwater Quality Monitoring Results

Groundwater analytical data collected in 2019 was compared to the BC CSR water quality standards
Schedule 3.2 and is presented in Tables 5.10 and 5.11. Table notes for Tables 5.10 and 5.11 are
provided in Table 5.13.

The following sections present an assessment of groundwater quality during the reporting period
and provides a summary of where groundwater parameter concentrations were detected above the
applicable BC CSR standards. MSW leachate derived impacts to groundwater are identified based
on the concentrations of typical MSW leachate parameters compared with Site background
groundwater quality data.

To assist in the assessment of potential MSW leachate derived impacts, groundwater chemistry
results have been separated into groundwater zones. The shallow wells are wells that are screened
in the shallow portion (top 15 m) of the overburden aquifer and the deep wells are wells that are
screened in the deep portion (greater than 15 m below the top of the water table) of the overburden
aquifer.

5.3.2 Background Overburden Aquifer Quality: AM02-01, MW01-16

5.3.3 Landfill Overburden Aquifer Quality:

— Shallow wells: HBT94-1, HBT94-3, EBA04-7
— Deep wells: EBA04-1, HBT94-2, EBA04-6
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534 Downgradient Overburden Aquifer Quality:

— Northeast shallow wells: EBA11-1, EBA11-2, AG99-06, EBA11-4, EBA11-3, GLL93-4,
and MW04-19

— Southeast shallow wells: HBT94-5, M\W02-18, MW03-18
— Southeast deep wells: AG99-02, AG99-01, AG99-04, and AG99-05

5.3.1 MSW Leachate Indicators

Selected parameters (typical MSW leachate parameters) were examined in groundwater quality to
assess the presence of leachate in groundwater at or near the Site. Due to the lack of site-specific
leachate chemistry data, typical leachate indicator parameters and their respective range of
concentrations as determined by monitoring data with similar landfills (CRA, 2014), and literature
values (Dydo et. al., 2005 and US EPA, 1986), were used to represent MSW leachate. Typical
leachate parameters and their associated concentration ranges are presented in Table 5.1 below.

Table 5.1 Typical MSW Leachate Parameter Concentration Ranges

Parameter Concentration

Alkalinity (mg/L)™" 71-3,340
Ammonia (mg/L)" 84.3 — 449
Boron (ug/L)™M 3,200 — 4,680
Chloride (mg/L)" 150 — 506
Conductivity (uS/cm)™ 161 - 8,126
Iron (ug/L)" 940 — 40,440
Hardness (mg/L)® 0.1 — 36,000
Manganese (ug/L)" 1,250 — 7,250
pH® 35-85
Sulphate (mg/L)® 25— 500
Notes:

(1) CRA, 2014
(2) Dydo et. al., 2005 and US EPA, 1986

5.3.2 Background Groundwater Quality

Groundwater monitoring locations AM02-01 and MWO01-16 are used to characterize background
groundwater quality conditions at the Site. AM02-01 and MWO01-16 are selected as background
locations based on their upgradient position relative to the Landfill and historical groundwater
chemistry results. It is noted that monitoring well AM02-01 was dry during all 2019 monitoring
events. The following table presents ranges of leachate indicator parameter concentrations
observed in 2019 at MW01-16. Indicator parameters’ concentration ranges in typical MSW leachate
are also included in Table 5.2 to illustrate the relative difference between Site background
groundwater and leachate chemistry.
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Table 5.2 Leachate Indicator Parameter Concentrations at Background

Locations
Barameter Alk. NH, Bo cl Cond. Hard”e Fe Mn SO,
(mg/L) (mg/L) (Mg/L) (mg/L) | (uS/cm) m/L (Hg/L) (Hg/L) (mg/L)
eIV 71— 843- 3200— 150— 61— 01—  940— 1250— 35— 25—

Leachate 3,340 449 4,680 506 8,126 36,000 40,440 7,250 8.5 500

OOl 300-  ND . 075- 667- 296- . (o0 676-  226-
MWO1-16 516 0.0025 219 109 522 5= 690 246

ND — Parameter concentration below laboratory detection limit.

mg/L - milligrams per litre; pg/L - micrograms per litre; pS/cm - microSiemens per centimeter.

Alk: alkalinity, NHs: Ammonia, Bo: boron, CI': chloride, Fe: iron, Mn: manganese, SO4: sulphate, Cond.: Conductivity.
Conductivity — measured in the lab; pH — measured in the field.

Detailed Background Area groundwater analytical results are presented in Tables 5.10 and 5.11.
Historical Background Area groundwater chemistry trend plots of selected leachate indicator
parameters are presented in Appendix | (Figures I-1 and 1-2). Historical data from private residential
water well EBA06-1 has also been included in Figures I-1 and I-2; however, it is no longer included
in the Site’s monitoring program.

From review of historical data presented in Figures I-1 and I-2 and 2019 data presented in the above
table, GHD observes the following:

e Groundwater quality at MWO01-16 is generally characterized by stable concentrations of MSW
leachate indicator parameters and are significantly lower than typical MSW leachate indicator
parameter concentrations.

e AMO02-01 continued to be dry in 2019 preventing collection of groundwater samples for field
monitoring and laboratory analysis.

e VOC analytical results from MWO01-16 were less than the laboratory detection limits in 2019.

From review of groundwater elevations at MW01-16, it appears groundwater elevations were less
than the historical range in this area and were approximately 1.3 to 3.1 m lower than 2018 levels.
Monitoring wells AM02-01 and MWO01-16 are approximately 200 m east of the shore of Mclvor Lake,
which is contiguous with Campbell Lake. Campbell Lake is dammed by the Ladore Dam, which
controls the water level in Campbell Lake and Mclvor Lake. As a result, groundwater elevations at
AMO02-01 and MWO01-16 may be affected by water level adjustments at the Ladore Dam. BC Hydro
records water level elevations at the Ladore Dam; future monitoring events should include the
review of water level elevations at the Ladore Dam to confirm whether there is a correlation.

Analytical results for groundwater samples collected from MW01-16 were less than the applicable
CSR standards for all parameters tested in 2019.

At this time, groundwater quality at MWO01-16 is considered to be representative of background
groundwater quality for the Site.
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5.3.3 Landfill Groundwater Quality

5.33.1 Landfill Shallow Groundwater Quality

Groundwater quality in the shallow portion of the overburden aquifer in the immediate vicinity of the
landfill footprint (Landfill Area) is monitored by the following wells:

o Nested wells HBT94-1 and HBT94-3 located at the toe of the landfill directly to the southeast of
the landfill footprint. These wells monitor groundwater in the shallow portion of the overburden
aquifer. HBT94-2 is nested with the HBT94-1 and HBT94-3 and monitors the deep portion of the
overburden aquifer. HBT94-3 was dry or had an insufficient sample volume during all 2019
monitoring events.

e EBAO04-7 located immediately to northeast of the landfill footprint. EBA04-7 is nested with deep
well EBA04-6.

The following Table 5.3 presents ranges of leachate indicator parameter concentrations observed in
2019 at Landfill Area shallow wells. Typical MSW leachate concentration ranges are provided on
Table 5.3 to illustrate the observed reductions in leachate parameter concentrations due to
attenuation occurring through the unsaturated zone and mixing within the groundwater beneath the
landfill footprint. Background concentrations are also provided to illustrate leachate parameter
concentrations in groundwater above background levels. The table is arranged from highest
concentrations to lowest.

Table 5.3 Leachate Indicator Parameter Concentrations at Shallow Landfill Area
Wells

Parameter A"‘ NH, Bo cr Cond. Hardness | Fe pH SO
(mg/lL) | (mg/L) | (ug/lL) [ (mg/L) | (uS/cm) | (mg/L) (HglL) (S.U) | (mg/L)

IVl 71— ea3— 3200 45 qe1- 01— 40— 1250 35— .. o0
Leachate 3340 449, 506 8,126 36000 40440 7250 85
212- 366 15—  165-  440- 262—  1310- 6.88— 083
B 312 9.24 216 27.1 600 177-246 4390 3810 729 461
383-  ND  183- 336~  818- ... .. ND5-  116-  660- 126-
440 00025 276 53.6 843 13 160 719 153
CTCNOCTl 300-  ND o 075-  667- 29.6 - \p5 ND005 676 226-
(MWO1-16) 516  0.0025 2.19 109 52.2 —014 690 246

ND — Parameter concentration below laboratory detection limit.

mg/L - milligrams per litre; pg/L - micrograms per litre; pS/cm - microSiemens per centimeter.

Alk: alkalinity, NH,: Ammonia, Bo: boron, CI': chloride, Fe: iron, Mn: manganese, SO4: sulphate, Cond.: Conductivity.
Conductivity — measured in the lab; pH — measured in the field.

(1) —HBT94-3 was dry during the 2019 monitoring events.

Red — Concentration greater than applicable CSR standard

Landfill Area shallow groundwater analytical results are presented in Table 5.10 and 5.11. Historical
Landfill Area groundwater chemistry trend plots of select leachate indicator parameters are
presented in Appendix | (Figures I-3, I-4, I-5, and I-6).
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Based on historical data presented in Figures -3, I-4, I-5, and 1-6 and 2019 water quality data
presented in the above table, GHD observed the following:

e Groundwater quality at nested well HBT94-1 continues to show the presence of leachate due to
elevated levels of ammonia, chloride, conductivity, iron, manganese, and alkalinity as compared
to background groundwater conditions.

e In 2015, iron and cadmium concentrations at HBT94-1 were notably higher than historical
ranges during one or more monitoring events. In 2016, iron and cadmium concentrations at
HBT94-1 returned back to historical ranges. In 2017 and 2018, iron concentrations in
groundwater at HBT94-1 increased by an order of magnitude, however other leachate indicator
concentrations were similar to historical ranges. During the 2019 monitoring events, iron
concentrations returned to within historical ranges and other leachate indicators remained
similar to historical values. However, the cadmium concentration was an order of magnitude
greater during the November 2019 monitoring event compared to the other 2019 results, but
remained less than the applicable CSR standard.

e Prior to 2014, ammonia concentrations in groundwater at HBT94-1 have consistently been
greater than background levels but were less than the applicable standards and, generally,
stable. In 2014, a generally increasing trend in ammonia concentrations was observed in
groundwater at HBT94-1, however, ammonia concentrations have been stable since 2015. This
trend continues to be observed in 2019.

e Chloride concentrations in groundwater collected from EBA04-7 began to increase in
September 2017 and continued through 2018. In 2019, chloride concentrations at EBA04-7
began to decrease and were similar to historical ranges during the November 2019 monitoring
event. Manganese concentrations in groundwater quality at EBAO4-7 were also elevated above
historical ranges in 2019, continuing an apparent increasing trend that was first observed in
2018. Other leachate indicator parameter (e.g. hardness, alkalinity) concentrations in
groundwater at EBA04-7 are similar to historical results. Further monitoring is required to
determine if manganese concentrations continue to increase.

o VOC concentrations were less than the laboratory detection limits in groundwater quality at the
shallow Landfill Area wells in 2019.

Parameter concentrations were less than applicable CSR standards in groundwater in the shallow
portion of the overburden aquifer Landfill Area wells for all parameters tested in 2019 except the
following:

Manganese

Manganese concentrations were greater than the CSR DW standard in groundwater samples
collected from HBT94-1 for the May, June, and September monitoring events in 2019.

Manganese concentrations in groundwater quality at HBT94-1 have historically been greater than
background concentrations and the applicable CSR standards. Manganese concentrations observed
at HBT94-1 in 2019 were generally within historical ranges.

GHD | 2019 Operations and Monitoring Report | 056484 (48) | Page 22



5.3.3.2 Landfill Area Deep Groundwater Quality

Groundwater quality in the deep portion of the overburden aquifer within the immediate vicinity of the
landfill footprint (Landfill Area) is monitored by the following wells:

EBAO04-1 located at the southwest corner of the landfill footprint. EBAO4-1 is a water supply well
used by Site staff for non-potable uses.

HBT94-2 located at the toe of the landfill footprint directly to the southeast of the landfill footprint.
HBT94-2 is nested with shallow wells HBT94-1 and HBT94-3.

EBAO04-6 located approximately 60 m northeast of the landfill footprint. EBA04-6 is nested with
shallow well EBA04-7.

The following table presents concentration ranges of leachate indicator parameters observed in
2019 at Landfill Area deep wells. Typical MSW leachate concentrations are provided on Table 5.4 to
illustrate the observed reductions in leachate parameter concentrations due to attenuation through
the unsaturated zone and mixing within the groundwater beneath the landfill footprint. Background
concentrations are provided to illustrate leachate parameter concentrations in groundwater above
background levels. Table 5.4 is arranged from highest to lowest concentrations.

Table 5.4 Leachate Indicator Parameter Concentrations at Deep Landfill Area
Wells

Parameter Alk. NH,4 CrI Cond. Hardness Fe Mn pH SO,
(mg/L) (mg/L) ug/L) (mg/L) | (uS/cm) (mg/L) (ng/l) | (pg/Ll) (S.U) (mg/L)
Typical MSW - ea3- 3200 450 5 61— 0.1- %(L 7 1280- 35— o o
Leachate 3 340 449 06 8,126 36,000 7,250 8.5
4,680 0

11—  194— 62-1 569- 226 231—  514— 753—  277-
Rl 276 261 31 265 sa0  10-262 “Ta9; ogo 772 318

283—  ND 365— 506 18— 08— 691—- 23-
B 342 00025 NP go7 639  278-38 49 102 737 21.4

402- ND 30— 073— 829- 38.4 - ND g9  226-
e 434 00025 74 0.83 90.7 407 NP 0005’5‘ 8.63 255

ND

Background 300-  ND o, 075-  667- 296- 05 ooe. 676-  226-
(MW01-16) 516  0.0025 219 109 52.2 o7 690 2.46

ND — Parameter concentration below laboratory detection limit.

mg/L - milligrams per litre; pg/L - micrograms per litre; pS/cm - microSiemens per centimeter.

Alk: alkalinity, NH,: Ammonia, Bo: boron, CI': chloride, Fe: iron, Mn: manganese, SO4: sulphate, Cond.: Conductivity.
Conductivity — measured in the lab; pH — measured in the field.

Deep Landfill Area groundwater well analytical results are presented in Tables 5.10 and 5.11.
Historical Landfill Area groundwater chemistry trend plots of select leachate indicator parameters are
presented in Appendix | (Figures I-3, I-4, I-5, and I-6).
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Based on historical data presented in Figures I-3, I-4, I-5, and 1-6 and the 2019 data presented in the
above table GHD observed the following:

e Groundwater quality at HBT94-2 continues to show the presence of leachate in groundwater as
indicated by elevated alkalinity, boron, chloride, hardness, iron, and manganese concentrations
compared to background groundwater conditions.

¢ In 2017, manganese concentrations detected in groundwater quality at HBT94-2 were greater
than 1,500 pg/L (CSR DW standard), but were less than 1,500 pg/L in 2018 and 2019. This may
indicate groundwater quality at HBT94-2 is improving, although further monitoring is required to
confirm this interpretation.

e The leachate indicator parameter concentrations are generally one to two orders of magnitude
less than typical MSW leachate concentrations indicating significant attenuation is occurring
within both the unsaturated and saturated zones directly beneath the landfill footprint.

e Groundwater quality at EBAO4-6 continues to show low level leachate impacts based on slightly
elevated levels of chloride, hardness, alkalinity, and conductivity when compared to background
groundwater conditions. MSW leachate impacts at EBA04-6 continue to be lower than leachate
impacts observed at HBT94-2. Analytical results at EBA04-6 in 2019 were generally consistent
with historical results.

e Groundwater chemistry at EBA04-6 indicates lower leachate parameter concentrations
compared to shallow nested well EBA04-7. This indicates additional leachate attenuation is
occurring between the shallow and deeper portions of the overburden aquifer. This observation
is consistent with historical results. Unlike groundwater quality at shallow well EBA04-7, chloride,
and manganese concentrations in groundwater at EBA04-6 were similar to historical results.

e EBAO04-1 continues to show little to no landfill derived impacts based on leachate indicator
concentrations similar to background groundwater conditions. Analytical results for groundwater
quality at EBA04-1 in 2019 were similar to historical results. EBA04-1 is a water supply well
used by the landfill workers for non-potable purposes.

e VOC concentrations were below laboratory detection limits at all landfill in groundwater at the
sampled deep overburden Landfill Area wells in 2019.

Parameter concentrations were less than applicable CSR standards in groundwater in the deep
portion of the overburden aquifer Landfill Area wells for all parameters tested in 2019.

5.3.4 Downgradient Groundwater Quality

Groundwater quality in the area downgradient of the landfill footprint is monitored at 13 monitoring
wells. To facilitate the discussion of groundwater quality downgradient of the Site in this Annual
Report, the discussion is further split between monitoring wells located to the northeast or southeast
of the landfill footprint as listed in Section 5.3.

5.3.4.1 Northeast Downgradient Shallow Groundwater Quality

Groundwater quality in the shallow portion of the overburden aquifer northeast of the landfill footprint
is monitored by five monitoring wells as follows (from closest to furthest from the landfill footprint):
EBA11-1, EBA11-2, MW04-19, AG99-06, EBA11-4, and EBA11-3.
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The following table presents ranges of leachate indicator parameter concentrations observed in
2019 at northeast shallow wells compared to background groundwater quality to illustrate the
difference, if any, in groundwater quality between these two areas. If leachate indicator
concentrations are greater in the northeast wells compared to background groundwater conditions, it
may be indicative of MSW leachate impact to groundwater quality downgradient of the landfill
footprint. The table is arranged from closest to furthest from the landfill footprint.

Table 5.5 Leachate Indicator Parameter Concentrations at NE Downgradient
Shallow Wells

Parameter Alk. NH, Bo Cr Cond. Hardness SO,
(mg/L) mg/L) (ng/L) (mg/L) (uS/cm) (mg/L) ug/L) (ug/L) S U) (mg/L)
133 - 0.0025 62—  404—  299-— ND5— NDO0O05 741- 11.8-
EE 391 - 83 120 1010  198-934 44 4850 778 258
0.0230
121 - ND M- 46— 231 — ND5— NDO0O5 7.34— 2.11-
SR 189 00025 25 147 370 BO=TE2 | g —067 788 489

ND

MW04-19 551 hos  ND5 221 112 49.7 ND5 131 808 373
69.3—  ND 414- 156 ND5— 016— 7.49— 154

SlEiERE 175 00025 NP5 g4 . I 653 818 292
471-  ND 399  104- 438— ND5- NDO0O5 720— 188-

SRS 536 00025 PO 753 128 55.5 427 117 882 243
455-  ND 476-17. 135 ND005 7.40— 2.21-

A 659 00025 NP 8 159 O B LT R B vE BT
POl 00- O ND o, O075-  667- 206~ s NDO00O5 676- 2.26-

IR 516 00025 2.19 109 52.2 —014 690 246

ND — Parameter concentration below laboratory detection limit.

mg/L - milligrams per litre; pg/L - micrograms per litre; pS/cm - microSiemens per centimeter.

Alk: alkalinity, NH4: Ammonia, Bo: boron, CI': chloride, Fe: iron, Mn: manganese, SO,: sulphate, Cond.: Conductivity.
Conductivity — measured in the lab; pH — measured in the field.

Red — Concentration greater than applicable CSR standard

Detailed Northeast Downgradient Area groundwater analytical results are presented in Tables 5.10
and 5.11. Historical Downgradient Area groundwater chemistry trend plots of selected leachate
indicator parameters are presented in Appendix | (Figures I-7 and I-8).

Based on historical data presented in Figures |-7 and I-8, and the 2019 data presented in the above
table, the following interpretations regarding groundwater quality at the Downgradient Area wells
have been developed:

e Groundwater quality at EBA11-2 continues to show generally stable, mild leachate impacts
based on slightly elevated levels of alkalinity, chloride, conductivity, hardness, and sulphate
when compared to background conditions.

e MWO04-19 was installed in October 2019, therefore only one round of sampling was undertaken
at this well in 2019. Concentrations of leachate indicator parameters in MW04-19 are similar to
background concentrations, with slight elevations of alkalinity, chloride, conductivity,
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manganese, pH and sulphate. Further monitoring is required to further characterize the water
quality at MW04-19 and discern any trends.

Chloride concentrations in groundwater at AG99-06 appear to seasonally fluctuate with the peak
during the summer monitoring events then decreases during the fall/winter monitoring events.
Chloride concentrations in groundwater at AG99-06 appear to have stabilized since the end of
2017. Further monitoring is required to determine if chloride concentrations at AG99-06 remain
stable.

Iron concentrations were greater than the typical range in groundwater samples collected from
AG99-06 during the April/May and June 2019 monitoring events, but decreased to historical
ranges during the September and November 2019 monitoring events.

In November 2017, chloride concentrations in groundwater at EBA11-3 were significantly higher
than historical chloride ranges at this monitoring location and elevated concentrations continued
to be observed in 2018. Chloride concentrations in samples collected in 2019 returned to
pre-2017 ranges. Additionally, other leachate indicator parameters appear to be improving and
reaching historical levels in groundwater quality at EBA11-3.

In order to supplement the evaluation of potential landfill-related impacts to groundwater quality,
an analysis of the geochemical “fingerprints” of Site groundwater quality was undertaken. This
analysis was accomplished through plotting major anion and cation on a Piper plot for the
November 2019 groundwater chemistry (Figure 5.3). A piper plot presents the major ions as
percentages and is used to determine patterns in the geochemical character of water samples.
Cations (positive ions) and anions (negative ions) are potted in two triangles at the base of the
diagram. The compositions from the base triangles are then projected up to the central diamond.
This central diamond therefore presents the data from all of the major ions on a single plot. On a
Piper plot, samples with similar geochemical character will plot relatively close to one another.
Because the major ions are used, a Piper plot is useful for detecting large differences in the
geochemical characteristics between water samples. Data on the central diamond presents a
line of evidence that assists in interpreting the likelihood of a monitoring location being affected
by landfill-derived impacts or a differing source. The likelihood of impacts can be gauged by the
monitor's proximity to leachate and other locations showing definite leachate-derived impacts.
From review of the Piper plot in Figure 5.3, the source of influence in groundwater at EBA11-3
does not have a similar geochemical “signature” as landfill impacted wells HBT94-1 and/or
EBAOQ4-7. In the 2018 Annual Operations and Monitoring Report (GHD, 2019), GHD
hypothesized a salt storage shed located west of Block J may be a potential source of elevated
chloride concentrations at EBA11-3. It also is noted that a private landfill is located
approximately 400 m west of Block J.

Groundwater quality at EBA11-1 changed in 2019 with increased manganese, iron, chloride,
hardness, and alkalinity concentrations. Dissolved manganese concentrations in groundwater
sampled at EBA11-1 increased over 2019 from approximately 0.05 pg/L to 1,850 pg/L during the
November 2019 monitoring event. Iron concentrations in groundwater at EBA11-1 were elevated
during parts of the 2019 monitoring program. Dissolved iron concentrations were also elevated
in samples collected at EBA11-1 during the September and November 2019 monitoring events.
Chloride, hardness, and alkalinity concentrations at EBA11-1 were well above historical ranges
during the November 2019 monitoring event. From review of the Piper plot in Figure 5.3,
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EBA11-1 is an outlier compared to background groundwater location MWO01-16 and landfill
vicinity locations EBA04-7 and HBT94-1. EBA11-1 plots at the end of a trendline from
background location MWO01-16 to EBA11-3. This may indicate that the source that was
impacting groundwater quality at EBA11-3 in 2017-2018 may be the same source impacting
groundwater quality at EBA11-1 in 2019, however further monitoring is required to verify this.

e Groundwater quality at EBA11-4 has generally been similar to background groundwater
conditions. However, concentrations of dissolved manganese and iron were notably elevated
during the May 2019 monitoring event, but were less than the laboratory detection limits during
the June, September, and November 2019 monitoring events. Further monitoring is required to
determine if elevated iron or manganese concentrations recur in groundwater at EBA11-4.

e Vanadium concentrations at EBA11-4 are slightly less than the applicable CSR water quality
standards. From review of groundwater quality in the immediate vicinity of the landfill footprint
(HBT94-1 and HBT94-2), vanadium occurred in concentrations ranging from less than the
laboratory detection limit to 0.00129 mg/L in 2019, therefore it is unlikely the Landfill is the
source of elevated vanadium concentrations in groundwater quality at EBA11-4.

¢ VOC analytical results continued to be less than the laboratory detection limits at northeast
shallow overburden wells in 2019.

Parameter concentrations were below applicable CSR standards at the northeast shallow
groundwater wells for all parameters tested in 2019 with the exception of the following:

Manganese

Manganese concentrations in groundwater quality at EBA11-1 were greater than the CSR DW
standard during the fourth quarter 2019 monitoring event. Manganese concentrations in
groundwater quality at EBA11-1 significantly increased over 2019. Further monitoring is required to
determine if dissolved manganese concentrations continue to increase.

5.3.4.2 Southeast Downgradient Shallow Groundwater Quality

Groundwater quality in the shallow portion of the overburden aquifer southeast of the Site is
monitored by HBT94-5, MW02-18, and MWO03-18. Groundwater monitoring at HBT94-5 has not
been possible since 2000 as the well has been dry during all monitoring events. As stated in
Section 2.5, groundwater elevations in the vicinity of the Site have decreased by approximately 2 to
4 m between 1995 and 2003. This apparent regional groundwater elevation decrease is likely the
cause for HBT94-5 going dry. Historical analytical results for HBT94-5 are provided in Appendix J.
MW02-18 and MWO03-18 were installed in July 2018 and were included in all four of the 2019
monitoring events.

Concentrations versus time graphs for selected leachate indicator parameters are presented in
Figures I-11 and I-12 in Appendix I.

The following table presents concentration ranges of leachate indicator parameters in groundwater
quality at MW02-18 and MWO03-18. The purpose of the table is to illustrate the potential landfill
derived impact on the shallow portion of the overburden aquifer groundwater quality southeast of the
Site.
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Table 5.6 Leachate Indicator Parameter Concentrations at SE Downgradient
Shallow Wells

Parameter Alk. NH, Bo Cr Cond. Hardnes | Fe Mn pH SO4
(mg/lL) | (mg/L) | (ug/L) | (mglL) (uSlem) | s(mg/L) | (ug/l) | (/L) | (S.U) (mglL)
MWO02-18 259 987- ars— 00001 