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1.0 Introduction
This document presents the proposed detailed work plan for the groundwater component
of the Environmental Assessment (EA) of the proposed W12A Landfill expansion (project).
The work plan is being submitted for approval to the Ministry of the Environment,
Conservation and Parks (MECP).
This work plan has been developed with consideration of the commitments made for the
project within the development of the Terms of Reference (ToR). The relevant
commitments are provided below in Table 1.0-1.
Table 1.0-1: Project Commitments from ToR Relevant to Work Plan Development
ID

Commitment

Where described in the ToR for the environmental components, detailed
work plans for the technical studies will be prepared and provided to the
appropriate GRT* agency for review and concurrence.
The City will share work plans with Indigenous Communities and post work
6
plans on the project website.
During the EA, the preliminary criteria and indicators for each of the
10
environmental components will be refined and described in the EA study
report.
The preliminary Study Areas will be reviewed and confirmed during the EA
11
and described in the EA study report.
A more detailed description of the environmental conditions will be prepared
during the EA to reflect the confirmed Study Areas using a combination of
12
sources of existing information and site-specific investigations and studies
and provided in the EA study report.
* Government Review Team (GRT)
5

2.0 Assessment Framework
Overall Approach
It is proposed that the EA work will be undertaken in a series of nine steps (further details
are provided in Section 4.0) as follows:



Step 1 – Characterize existing environmental conditions;



Step 2 – Identify the ‘Alternative Methods’ of landfill expansion;



Step 3 – Qualitative evaluation of ‘Alternative Methods’;



Step 4 – Compare the ‘Alternative Methods’ for landfill expansion and identify the
preferred alternative;
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Step 5 – Refine the mitigation measures and determine the net effects of the preferred
alternative;



Step 6 – Describe the preferred ‘Alternative Method’;



Step 7 – Consideration of climate change;



Step 8 – Cumulative impact assessment; and



Step 9 – Preparation of the EA Study Report.

Consultation with the public, Indigenous Communities, GRT members, City of London
Advisory Committees, and other stakeholders will be ongoing throughout the EA process.

Project Team Organization
The project tasks will be organized to be completed by the following teams:



The EA Management Team consists of the project director, project manager and
project coordinator for the EA;



The Design and Operations (D&O) Team consists of landfill design technical staff and
AutoCAD technicians; and



The EA Team consists of technical discipline leads for each of the specified
environmental components.

Study Areas
Data for the EA will be collected and analyzed for preliminary generic study areas
presented in the ToR. These will be confirmed and may be refined during the EA. These
preliminary generic study areas are as follows:
Site Study Area – The existing W12A Landfill Site, located at 3502 Manning Drive and
adjacent lands where landfill expansion may occur.
Site-vicinity Study Area – The lands in the area immediately adjacent to the Site Study
Area that have the potential to be directly affected by the landfill expansion and activities
with the Site Study Area. The extent of the Site-vicinity Study Area will be determined for
each of the environmental components. For most environmental components, a Sitevicinity Study Area of 500 metres from the Site Study Area is appropriate.
Wider Study Area – An area that takes on the broader community generally beyond the
immediate site vicinity and for specific environmental components may include the entire
Municipality.
The proposed preliminary study area for the groundwater component is presented in
Table 2.3-1
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Table 2.3-1: Proposed Preliminary Study Areas for the Groundwater Component
Environmental
Component
Geology and
Hydrogeology

Preliminary Area(s)
to be Studied
Site

Rationale
Potential effects on groundwater quality have
to comply with the MECP Reasonable Use
Guideline at the landfill site boundary.

3.0 Assessment Criteria and Indicators
The Groundwater component will be assessed for the potential effects of the undertaking
based on one criterion as follows.
The rationale, indicators and data sources for the proposed assessment sub-components
are provided in the ToR, and are presented in Table 3.0-1 below.
Table 3.0-1 Component Rationale and Indicators for the EA
SubComponent

Rationale

Contaminants
associated
with the landfill
expansion and
associated
operations
Groundwater could enter
quality
the
groundwater
and impact
off-site
groundwater
or surface
water.

Indicator(s)

Expected effect
on groundwater
quality at the
property
boundary.

Data Sources
 Published regional sources and data
on regional geological and
hydrogeological conditions such as
the Middlesex-Elgin Groundwater
Study, Source Protection Assessment
Reports.
 Review MNRF petroleum well records.
 Provincial Quaternary and Bedrock
Mapping.
 Ontario Water Well Records (water
supply wells are considered to be
sensitive receptors in terms of
potential impacts).
 Landfill Annual Monitoring Reports.
 Previous site characterization reports.
 Borehole Logs.
 Adjacent property assessment reports.
 Additional intrusive
studies/investigations (see section
4.1.2).

The criteria and indicators will be refined during the EA as necessary.
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4.0 Detailed Workplan
Step 1: Characterize Existing Environmental Conditions
This section presents an overview of existing environmental conditions for the groundwater
component on and in the area of the W12A Landfill. As described in the MECP Code of
Practice (MOECC, 2014a), the City of London will present a more detailed description of the
environmental conditions in the EA Report. The following is an overview of existing
conditions.

4.1.1

Overview of Existing Conditions (Existing Documentation)

Previous investigations over the last 40 years has resulted in a thorough understanding of
hydrogeology setting of the existing landfill. In terms of geological setting, the landfill is
located on part of the Westminster moraine, which consists of low permeability till soils
identified as the Port Stanley Till. Immediately north of the landfill site, gravel and gravelly
sand were formed from the older Catfish Creek drift (located under the Port Stanley Till) or
were deposited underneath the Port Stanley Till by subglacial streams.
Major hydrostratigraphic units are divided into aquitards and aquifers. An aquitard consists of
low permeability soils that inhibit groundwater flow. An aquifer consists of permeable soils
that can transmit large enough quantities of water such that when water wells are installed
they produce usable quantities of water.
In terms of the hydrogeological setting, the site is underlain by an aquitard, consisting of low
permeability Port Stanley Till, referred to as the Surficial Aquitard. The thickness of the
Surficial Aquitard varies from as much as 20 m in the northwest corner of the existing W12A
Landfill site, to 15 m or greater below much of the existing landfill, and to about 8 m at the
southeast corner of the site along Manning Drive. Groundwater moves downward at an
estimated velocity of 1 to 2 centimeters (cm) per year in the Surficial Aquitard. The upper
portion of the Surficial Aquitard is weathered and fractured. The degree of significant
fracturing decreases with depth such that the fractured till is much more hydraulically active
than the lower less fractured till soil. Generally, regional studies have indicated that the tills
are highly fractured to a depth of 3-4 m, a transitional zone occurs with beneath the highly
weathered and fractured soil with isolated vertical fractures occurring at depths of
approximately 6 m. The landfill cells will be excavated to depths that will remove most of the
naturally weathered soils. Therefore, the landfill will be based on unfractured soil and will be
protected from further desiccation and weathering by the overlying waste fill. Studies
completed by Dillon and the University of Western Ontario in 2000 indicated that the depth of
active fractures beneath the waste fill is less than 2 m and that desiccation fractures in till
soils occurring during landfill cell construction are “self-healing”.
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The next major hydrogeological feature in the region is an aquifer found beneath the
Port Stanley Till, consisting of stratified sand and gravel soils, most likely part of the Catfish
Creek Drift. These soil deposits comprise the White Oak Aquifer. The aquifer has an irregular
vertical distribution with a maximum thickness of approximately 45 m just north of the landfill
along Scotland Drive. Groundwater flow in the White Oak Aquifer is in a general north to
south/southeast direction.
Some local aquifers consisting of sand and gravel soil layers within the low permeability till
soils were probably formed by subglacial processes at the time that the till soils were
deposited. One such local aquifer is present underneath the landfill (referred to as the
Upper Aquifer) and separates the Port Stanley Till into the Surficial Aquitard and a Lower
Aquitard, both of which are above the White Oak Aquifer. The Upper Aquifer is indicated not
to be present north of Scotland Drive, but extends south of Manning Drive; groundwater flow
in the Upper Aquifer is towards the southeast. These aquifers are not regionally extensive
and generally thinner than the White Oak Aquifer.
Limestone bedrock is found approximately 80 to 90 m below the landfill and slopes
downwards from north-northeast.
Municipal water is available to residences near the landfill on Manning Drive, White Oak
Drive, Scotland Drive and Wellington Road South; however, some of the homeowners have
not connected to the available municipal services. These residences, as well as residences
and farms further away from the landfill area, rely on individual water supply wells for their
water supply. Individual water supply wells in the vicinity of the landfill are monitored
annually.
Source water protection studies were carried out for the watersheds in which the City of
London is located. The resulting Source Water Protection Plans delineate source protection
areas with respect to municipal drinking water supplies (Wellhead Protection Areas –
WHPAs and Intake Protection Zones – IPZs) as well as groundwater recharge areas, assign
vulnerability to these source protection areas and describe appropriate land use planning for
their protection. The Thames-Sydenham & Region Drinking Water Source Protection Plan
takes in the area of and surrounding the W12A Landfill. The primary source of drinking
water for the City is surface water from Lake Huron and Lake Erie, with a stand-by backup
supply from groundwater from the Hyde Park and Fanshawe well fields located in the
northeast and west parts of the City. All of these sources are distant from the W12A Landfill.
There are no source water protection areas identified on or in the area of the W12A Landfill.
As such, neither the existing landfill nor the proposed expansion are influenced by planning
considerations or requirements related to source water protection.
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4.1.2

Additional Studies/Investigations

In addition to reviewing the data sources described in 3.0-1 and despite the thorough
understanding of the hydrogeology setting of the existing landfill, there remains some
potential areas for further field investigations to the north and east of the existing landfill,
related to existing conditions but also landfill expansion.
Area North of Existing Landfill
The main issue at this location is the nature of the hydrogeological connection between the
local Upper Aquifer and the regional White Oaks Aquifer. Integral to the connection is the
presence and hydraulic conductivity of the till layer separating the aquifer
hydrostratigraphic units.
An evaluation of this issue consisted of using a “multiple lines of evidence” approach where
borehole data was used to develop physical localized hydrostratigraphic limits coupled with
groundwater level data and hydrogeochemistry data. In addition, hydrogeological data that
has been obtained over the operating period of the landfill obtained from hydrogeological
studies completed on aggregate pits north of the landfill site (north of Scotland Drive) has
been used to supplement the hydrogeological understanding of this area. Overall, these
sources of information were used to further define aquifer units and identify data gaps that
could be addressed by additional investigation.
Figure 4.1-1 (next page) shows the thickness of the Surficial Aquitard based both on
borehole logs and water well records as well as surficial topography. The Surficial Aquitard
is absent north of Scotland Drive where the gravel pits have intercepted the White Oaks
Aquifer. The Upper Aquifer and Lower Aquitard are also absent north of Scotland Drive.
A cross section drawn north-to-south is shown on Figure 4.1-2 (page 8). This section was
drawn approximately 250 m east of White Oak Road and shows the interpreted extent of
the major hydrostratigraphic units at the landfill site. This cross-section was developed by
interpolating between boreholes and water well records.
There are currently six monitoring well locations located north of the landfill and are shown
on Figure 4.1-1. At the southeast corner of Scotland Drive and White Oak Road there is a
nested monitoring well location: 01-12b (Upper Aquifer monitoring well) and 01-12a (White
Oaks Aquifer monitoring well). Also located near this location is 92-12 which is a White
Oaks Aquifer monitoring well. Monitoring well 92-10 (a White Oaks Aquifer monitoring well)
is on the south side of Scotland Drive, 200 m east of White Oak Road. Another White Oaks
Aquifer monitoring well, 01-13, is located approximately 150 m south of 92-10. Monitoring
well 92-11, which is installed in the Upper Aquifer, is located 110 m east of White Oak
Road along the northern boundary of the current landfill site. Upper Aquifer monitoring well
82-6, located 660m east of 92-1 is also at the northern site boundary. At the northeast
corner of the current site are Upper Aquifer monitoring well 01-14, in close vicinity to White
Oaks Aquifer monitoring well 92-9.
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Figure 4.1-1- Surficial Aquitard Thickness
Water levels from nested monitoring wells can be used to determine vertical hydraulic
gradients. Figure 4.1-3 (next page) is an example of water levels of two nested monitoring
wells located at the southeast corner of Scotland Drive and White Oak Road: 01-12a
installed in the White Oaks Aquifer and 01-12b installed in the Upper Aquifer. Generally,
water levels have increased (rebounded) from the effects of municipal groundwater taking
in the White Oaks Aquifer until about 2012 where the water levels have levelled off. As
shown on Figure 4.1-3, there is about a 2 m difference in water levels between the
aquifers at this location.
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Figure 4.1-2 - Hydrostratigraphic Units (north-south)

Figure 4.1-3 - Vertical Gradient
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From a data gap perspective, there is a lack of borehole locations along Scotland Drive as
shown with the blue oval on Figure 4.1-1. This area has had exploratory water wells
drilled (as part of municipal groundwater exploration in the 1950’s and 1960’s) and
information from this source has been included in the hydrostratigraphical model. There is
a need for boreholes / monitoring wells in this area to both determine lithology and
groundwater levels, to understand existing conditions and also in case of lateral landfill
expansion to the north of the existing landfill. Monitoring wells installed at the same
location in different hydrostratigraphic units (“nested” monitoring wells) would be
particularly useful.
Figure 4.1-4 shows tentative locations of monitoring well nests to address the identified
data gap identified along Scotland Drive.
Figure 4.1-4 - Preliminary Drilling Locations

At each monitoring well nest location, the deepest well should be drilled to an elevation of
approximately 220 to 230 metres above sea level (~50 m deep). Drilling methods for the
deep will include a Christenson Core Barrel (CP size) System or the CME Continuous
Sample Tube System in order to recover good quality overburden soil cores of the clayey
till aquitards at the site. The soil cores will be logged with particular focus on fracturing in
the Surficial Aquitard. At each location a shallow monitoring well should be installed in the
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Upper Aquifer (where identified) or if the Upper Aquifer does not exist at a location, the
shallow well should be installed at the top of the White Oak Aquifer. Split spoon sampling
and standard penetration tests will be completed in the borehole of the shallow monitoring
wells.
Soil samples from the Upper Aquitard, Upper Aquifer, Lower Aquitard and White Oak
Aquifer will be collected and tested for various parameters as listed in Table 4.1-1. Data
loggers for water levels will installed in each of the new monitoring wells and water
samples collected to confirm water quality.
Area East of Existing Landfill
One of the proposed landfill development alternatives is possible expansion to the east of
the present fill site. The hydrogeology east of the landfill is well understood but additional
information of this area would be beneficial in assessing the area for possible future
landfilling. Three monitoring well nests are proposed east of the present fill as shown on
Figure 4.1-4. These nests would consist of existing wells 92-3, 92-4 and 92-7 screened in
the Upper Aquifer and new wells at each location screened in the White Oaks Aquifer.
Drilling and sampling methods will be similar to methods used for the wells installed to the
north of the landfill with a couple of exceptions including no split spoon sampling or
standard penetration tests to be completed.
Soil and Hydrogeological Testing
Soil samples from the Surficial Aquitard, Upper Aquifer, Lower Aquitard and White Oak
Aquifer will be collected and tested for various parameters as listed in Table 4.1-1 (next
page). In addition, groundwater samples will be taken from the new monitoring wells and
analyzed for conventional water quality analysis and isotopic analysis (selected wells only).
Presence of Fractures in the Surficial Aquitard
The presence of fractures within the surficial aquitard is a well known phenomenon. To
evaluate the nature of the fractures and their potential to create a preferred pathway for
leachate migration from the landfill expansion, a benched test pit measuring approximately
18m x 18 m in plan and 6 m in depth, or deeper if fractures are visible, is proposed. The
test pit would give a good indication of fracture spacings and depths. Ideally, the location of
the test pit should be outside of any potential future cell so that the aquitard is not disturbed
and a preferential pathway for future leachate migration is not created. Tentatively the test
pit is proposed on the east side of the existing landfill, but outside any contemplated areas
for landfill expansion.
Upon excavation of the test pit, the vertical (1.2 m high) walls at the benched sideslopes
will be cut into along apparent fractures using a hand trowel. This step is necessary in
order to remove clay material smeared by the excavator bucket and fully expose the
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fractures for measurement of spacings and depths. The fracture network will be logged
and photographs taken.
Once the test pit is complete the results will be evaluated and the need for any further
monitoring wells within the surficial aquitard will be considered.

Step 2: Identify ‘Alternative Methods’ of Landfill Expansion
During the initial stage of the EA, a reasonable range of expansion alternatives will be
identified and described at a sufficient level of detail (i.e., conceptual designs) so that
potential effects of the expanded landfill on each environmental component can be assessed
and compared.
This task will involve developing the conceptual site design for the proposed expansion of
the W12A Landfill, to gain an additional 25 years of disposal capacity. This task will be
completed by the Design and Operations Team.
Table 4.2-1 Approximate Number and Type of Soil and Hydrogeological Tests
Test

Hydrostratigraphic Unit
Surficial
Aquitard

Upper
Aquifer

Lower
Aquitard

White
Oaks
Aquifer

Grain Size Analysis, Moisture Content

20

8

12

8

Fraction of Organic Carbon, Cation
Exchange Capacity

6

Geotechnical Parameters (Atterburg
Limits)

6

Triaxial Permeability

6

Single Well Response Tests
X-Ray Diffraction

6

6

6

6

2

Conventional Water Quality Analysis
Isotope Analysis (porewater extracted
from aquitard soil cores, groundwater from
monitoring wells installed in aquifers)
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Step 3: Qualitative Evaluation of ‘Alternative Methods’
Based on the conceptual site design, and considering mitigation measures, potential
impacts of the proposed W12A Landfill expansion on the groundwater component will be
assessed. The groundwater component technical discipline lead will evaluate each
‘Alternative Method’ qualitatively including:


Identify the differences between the alternatives that will affect the potential impact
on groundwater quality such as waste footprint configuration, direction of
groundwater flow, landfill cover type. A comparative table outlining these differences
will be developed.



Estimate qualitatively how the differences will affect the groundwater quality.

In this step, each ‘Alternative Method’ of the W12A Landfill expansion will be examined
by the EA Team to determine if it would ultimately be approvable under the
Environmental Protection Act (EPA).
This screening step is included to eliminate any alternative that would likely not be
approvable. Should an alternative be found to not be approvable due to unacceptable
net effects (i.e., no further refinement of mitigation is possible) or technical reasons,
then the alternative would be eliminated from further consideration. At this point, the EA
Management Team may consider additional ‘Alternatives Methods’ for the project that
may have been identified by the public or other parties during the EA process .

Step 4: Compare the ‘Alternative Methods’ for Landfill Expansion
and Identify the Preferred Alternative
When the alternatives have been finalized, a comparative evaluation of the ‘Alternative
Methods’ will be completed. The comparative evaluations would include evaluating the
relative importance or ranking of the assessment criteria (i.e., although all criteria are
relevant, certain criteria may be considered more important than others1).
The groundwater component technical discipline lead will complete the following tasks:


Rank each ‘Alternative Method’ based on groundwater quality differences.



Describe advantages and disadvantages of each ‘Alternative Method’

Select the preferred ‘Alternative Method’ based on potential to affect groundwater quality.

1 The public has been asked during the consultation on the Terms of Reference and will be
asked during consultation on the EA to provide input into the ranking of the relative
importance of the components.
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The EA Management Team will take each disciplines comparison and compile the overall
comparison of ‘Alternative Methods’.

Step 5: Refine Mitigation Measures and Determine Net Effects of
the Preferred Alternative
In this task, the EA Team will identify linkages between the environmental components
(i.e., direct or indirect effects of the proposed expansion on the groundwater component via
another component) and prepare diagrams. The purpose of linkage diagrams, prepared by
the technical discipline leads, is to facilitate an integrated assessment of effects.
The prediction of future environmental effects associated with the preferred ‘Alternative
Method’ (with conceptual design mitigation measures in place) will be determined by
groundwater component technical discipline lead. Predictive modelling of the preferred
Alternative Method’ performance (contaminant modelling) and contaminating lifespan as
per Ontario Regulation (O.Reg.) 232/98 using selected key parameters of concern will be
conducted. The key parameters are expected to include the parameters listed in O.Reg.
232/98 (chloride, benzene, dichloromethane, vinyl chloride, toluene, lead, 1,4dichlorobenzene and cadmium) with chloride being the most conservative assessment
parameter. Assessment of potential effects will be done using appropriate objectives,
standards, policies and regulations. The remaining net effects, if any, will be documented.
Also, a quantitative comparison will be made between the predicted effects of the preferred
alternative and the Do-Nothing alternative regarding groundwater quality.

Step 6: Describe the Preferred ‘Alternative Method’ for Landfill
Expansion
A description of the preferred landfill expansion alternative will be detailed following the
identification of appropriate mitigation measures. In addition, a leachate management
assessment will be completed that will include;



the quantity of leachate generated from the preferred landfill expansion alternative will
be predicted,



the quality of the leachate associated with the expansion and requiring treatment will
be assessed,



a high level assessment of the capability of the existing forcemain to continue to
convey the collected leachate to the municipal sewer system will be completed; and,



a high level assessment of the capability of the Greenway Wastewater Treatment Plant
to continue to treat the leachate will be carried out.

The results provided in the EA study report (Task 9).
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Step 7: Consideration of Climate Change
The potential effects of climate change on infrastructure associated with the site, as well as
ways that the project could reduce greenhouse gas (GHG) emissions or remove GHG from
the atmosphere will be considered by the air quality, surface water and geology and
hydrogeology component technical discipline leads. As it relates to geology and
hydrogeology the greatest potential affect relates to changes (increases) in precipitation
events. These changes in precipitation have the potential to influence leachate generation
at the site which will be considered.

Step 8: Cumulative Impact Assessment
The EA Team will work to identify the predicted effects of other existing or known proposed
projects in the area of the site. The groundwater component technical discipline lead will
consider any identified effects together with those predicted during the comparative
evaluation of alternative methods to determine if there are any unacceptable predicted
cumulative effects.

Step 9: Preparation of EA Study Report
In support of the completion of this task the groundwater component technical discipline
lead will carry out the following tasks:



document the assessment results in a Groundwater Supporting Document that will
form an appendix to the EA submission,



participate in meetings with the GRT including upfront consultations with the MECP
during the EA to obtain pre-approval of tasks in the work plan, as required,



support consultation events as required in development of presentation material and/or
being at the event; and,



provide technical support during the review of the draft EA by the regulatory agencies
and public.

August 2019

Page 14

