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To: Fabiano Gondim, M.Eng., P.Eng.
From: Kerry Rowe, OC. Ph.D., D.Eng., DSc(hc), FRS, NAE, FREng, FCAE, FRSC, P.Eng.
Date: 2020 1 9
Re: Project No. 18111331 Ridge Landfill Expansion EA Phase 2000
Leachate control for the proposed expansion of the old landfill, EA REF No. 16019
This memo is in response to your request that I review and comment with respect to MECP
comment No. 1 and the information provided by Golder and Dillon including supporting
calculations, modelling, and drawings related to mounding and seepage control to the side slopes
and base of the Old Landfill (Appendix A).
In particular, I am responding to the MECP comment regarding “Appendix D6 – Design and
Operations Report, S.7.7 leachate control system design the expansion of the old landfill area”
which provides a statement: “Vertical expansion is proposed for the Old Landfill Area, and the
leachate collection system will consist of finger drains along the perimeter. For a major expansion
with over 30 m of waste mound, the proposed finger drain system will be inadequate for leachate
collection and will result in leachate mounding and seepage through side slope.”
A memorandum from Mr. Rick Li to Ms. Carolyn Lee (MEPC; dated 2019 11 29) augmented
this comment in item (b) which states:
“In Attachment 4 - Calculation of Mounding between Finger Drains, the lateral flux collected
by the finger drains was recalculated based on peak monthly average percolation rate
through waste. The calculation underestimated the flux to the finger drains in several ways.
First, according to the HELP model, the peak daily percolation through the waste is 3 mm,
which should have been used for the calculation.
Second, the HELP model was only run for the closed site scenario. Simulation for the
operation period without a final cover should also been completed because in the active
landfill area, 100% of precipitation that comes into contact with waste will become
leachate.
Last, the calculation of QINF in Attachment 4 only accounts for the infiltration over the
unit width of the area at each finger drain. However, as the finger drains are spaced at 25
m, each drain will also collect leachate from its surrounding area (the space between two
finger drains). Therefore, the lateral flux as calculated is significantly underestimated. (It
would be correct if there were a continuous drainage layer.)
Proposed action: recalculate the finger drain fluxes and revise the design.”
I have reviewed the documents provided to me, including reviewing of Dillon’s
hydrogeological model and POLLUTE (1995, 2005) modelling for an assessment of impact on
groundwater of leachate mounding over the base of the Old Landfill as well as Golder’s revised
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version of Attachment 4 (dated 20 December 2019) addressing the comments by Mr. Rick Li
(MEPC; dated 2019 11 29) (as noted in the quotation above). With the MECP comments in mind,
I provide my review comments in the following paragraphs.
I understand the MECP’s caution in approving the proposed leachate collection system for the
expansion over the existing Old Landfill since the Old Landfill has no underdrain system and
currently relies on a series of finger drains around the perimeter and a perimeter drain for
controlling leachate migration from beneath the landfill and surface seeps. Similarly, the leachate
collection system for the proposed expansion also relies solely on a series of (albeit more
frequent and longer) finger drains connected to a new perimeter drain. In most practical
situations, I would consider this unacceptable. However, as is evident from the documents I
reviewed, this is an exceptional case in that: (a) the existing waste, upon which the expansion is
proposed, overlies a very thick layer of very low permeability (1x10-10 m/s) clay and, (b) the Old
Landfill has been in operation since 1963 and there is leachate data since February 1995. It is
understood that the existing system for the Old Landfill is generally working well in terms of
controlling lateral migration of leachate and surface seeps, with a maximum leachate mound
reported to be about 12 m above the landfill base and hence approximately 5 m below the
maximum mounding height predicted by Dillon. Thus, the proposed leachate control system
design for the expansion of the Old Landfill must be looked at in this special context.
I emphasize that my comments below are very specific to this particular landfill and the special
circumstances relevant to this exceptional case. Thus, these comments should not be used to
justify a similar design under different circumstances.
My comments are based solely on the site-specific information provided to me, including
calculations and drawings (Appendix A). I have not performed any independent check of the data
or the POLLUTE or HELP modelling. However, I did perform checks of the leachate mounding
calculations and independently evaluated the assumptions used in those calculations. I have not
reviewed or commented upon anything beyond the issue of leachate collection/control and the
leachate mound and its potential consequences with respect to groundwater or surface water
for the proposed expansion of the Old Landfill.
The focus of this review has been on Golder’s revised, in response to Mr. Li’s comments,
Attachment 4 (dated 20 December 2019) relating to the leachate mounding between finger
drains and to Mr. Li’s specific comments cited earlier.
•

When a landfill has an under-drainage system and minimal waste, leachate generation
responds very quickly and in relatively direct proportion to heavy (e.g., peak) rainfall
events. However, in my experience, as the waste thickness increases there is an increase in
the lag between the rainfall event and the corresponding peak leachate generation and a
reduction in the level of peak response due to the different paths through the waste
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causing dispersion (damping) of the peak event and giving a lower leachate generation rate
than the peak rainfall event but extending over a longer time. In a typical landfill, the peak
generation rate is important in terms of the short-term management of leachate. The
situation as proposed for the Ridge landfill expansion is, however, different from a typical
landfill.
Given the large area of the expansion over the Old Landfill (my sole focus in this review)
and with good operations, at any particular time, only a small proportion of the landfill
should be the working face without cover, and so the area exposed to the peak infiltration
rate should represent only a relatively small proportion of the landfill at any time. Based on
the HELP modelling, in their revised calculations (Attachment 4, dated 20 December 2019)
Golder used a maximum (peak) monthly percolation rate of 57 mm/month for an open
working face area (i.e., no cover) and 34 mm/month for areas with intermediate cover. If
the operator keeps the open working face to about 0.5 ha (as assumed in the Golder
calculations), the contribution of the working face on the overall average leachate
generated from Cell O1 was calculated to only marginally increase to 35 mm/month. Hence,
the overall infiltration reaching the proposed finger drains, and subsequently new
perimeter drain, would only be slightly increased by the effect of peak infiltration in the
uncovered working area. In their revised Attachment 4 (dated 20 December 2019), Golder
has, in my opinion, given reasonable consideration to this overall effect.
•

•

1

In their revised calculation (Attachment 4, dated 20 December 2019), Golder has revised
and more clearly explained their calculation of leachate mounding between the finger
drains. They have considered the percolation from the centre of the mound to the edge
being collected by the finger drains. Given the relatively low height of waste above the
finger drains, in my opinion, they have made reasonable assumptions regarding the
permeability (hydraulic conductivity, k = 10-5 m/s) of waste and adopted a conservative1
method of calculating, qLAT, which is then used to calculate the maximum height leachate
mound of 3.7 m for a spacing of 25 m between drains. It appears from the revised
Attachment 4 (dated 20 December 2019) that they have increased the height of the finger
drains to 3.7 m such that the maximum leachate mound does not enter into the cover.
Given the conservative nature of the assumptions adopted in calculating the maximum
height between drains, I consider the 25 m spacing and the 3.7 m drain height to be
conservative in the absence of any significant clogging of the collection system.
Based on the available leachate data for the existing landfill (between 1995 – 2018), the
leachate has a chloride concentration averaging about 2500 mg/L over the past decade
(consistent with what might be expected for a large landfill as anticipated in O/Reg. 232).

i.e., likely to err in leading to an overestimate of the actual leachate mound between the finger drains.
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In contrast, the concentration of the primary contributors to the clogging of leachate
collection systems (reflected by COD, BOD, and calcium) are quite low. COD averaged ~
1100 mg/L over the first decade and 700 mg/L over the last decade, with an overall average
~1000 mg/L over 23 years of monitoring. BOD averaged ~ 340 mg/L over the first decade
and 210 mg/L over the last decade, with an overall average ~310 mg/L over 23 years. The
calcium concentration averaged ~370 mg/L for years 2000-2004, ~330 mg/L between 2000
– 2009, and ~220 mg/L between 2010 – 2018. The calcium concentration is particularly
critical with respect to biologically induced clogging and the average over the last 23 years
is only 18% of that assumed when I performed the service-life calculations for the 100-year
leachate collection system defined in O.Reg 232/98. However, notwithstanding the
relatively low concentrations, if the flow is all to be collected by the finger drains, then the
mass loading per m3 of drainage gravel is around four times higher than it would be for a
drainage blanket meeting the requirements of O.Reg. 232/98 for a service life of 100 years.
Thus, clogging of the finger drains and perimeter drain is to be expected over the
contaminating lifespan (which the report suggests is of the order of 380 years). Thus, it can
be expected that additional finger drains will need to be installed and most likely the
perimeter drain replaced several times over the contaminating lifespan. It should be noted
for the contaminating lifespan on the order of 400 years that similar measures would likely
be required even if there were an underdrain with a 100-year service-life since its servicelife would be reached almost 300 years before the contaminating lifespan had been
reached and a similar leachate mound would develop to that predicted in the absence of
an underdrain system between the old and the new (vertical expansion) waste. Thus, the
key difference between a drainage blanket and the finger drains is that it is not practical to
rehabilitate or replace the drainage blanket whereas it is practical to install additional finger
drains and to repair or replace the perimeter drainage system to control side slope leakage.
It should be anticipated that the cover, finger drains, and perimeter drain will require
monitoring and maintenance for several centuries based on the projected contaminating
lifespan of 380 years.
•

After landfill closure, the long-term mounding of the leachate will be largely governed by
the annual percolation over the contaminating lifespan of this landfill, and this can be
anticipated to change due to climate change. The exact effects of these changes are
unknown at this time; however, as noted above, additional measures can be taken, if
needed, in terms of installation of additional finger drains or perimeter drains.

•

The predictions of leachate mounding between the finger drains are also predicated on
assumptions regarding waste permeability (hydraulic conductivity). In my opinion,
reasonable assumptions have been made. However, waste is heterogeneous and the
possibility of local areas of lower permeability waste cannot be excluded. In the event that
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lower permeability waste is located in an area directly influenced by the drains, this could
lead to higher mounding than predicted and potentially side slope seepage. In that unlikely
event (unlikely, because of the conservative assumptions made in Golder’s calculations), it
would be relatively easy to provide local additional drainage to ensure that leachate seeps
are controlled and the leachate directed to the finger drains and perimeter drain.
Based on the revised calculations (dated 20 December 2019), in my opinion, the issues raised
by Mr. Li, as cited above, regarding the finger drains have been appropriately addressed by
Golder.
There remains the question of the magnitude of the leachate mound between the perimeter
drain in the expanded Old Landfill that may arise as a result of adding 30 m of waste to raise the
top contour from 210 masl to 240 masl. One such effect will be increasing the effective stress in
the existing waste due to the added weight. This can also be expected to decrease the hydraulic
conductivity of the waste (due to primary and secondary compression as well as degradation of
the waste) and such a decrease would lead to an increase in the height of leachate mound above
the existing observed 12 m. Based on a hydraulic conductivity, kw=2x10-6 m/s (attributed to the
HELP model), Dillon predicted that the maximum leachate mound will increase to about 17 m
above the landfill base. The hydraulic conductivity of kw=2x10-6 m/s used in this calculation is
slightly lower than the hydraulic conductivity of about 3x10-6 m/s needed to explain the existing
12 m of leachate mound after 20 years consolidation/degradation of the waste and precipitation
with a maximum waste thickness of about 19 m. These values seem quite reasonable for the
existing waste in the Old Landfill. There is invariably considerable scatter and heterogeneity in
the hydraulic conductivity of waste. However, there is also a clear trend of decreasing waste
hydraulic conductivity, kw, with increasing overlying waste (Rowe and Nadarajah, 1996). In my
opinion, the hydraulic conductivity of the waste after the addition of the proposed 30 m of new
waste can be expected to be lower than that assumed in Dillon’s calculation by a factor of two
(kw ~ 1x10-6 m/s) to three (kw ~ 6x10-7 m/s).
In response to my comment in the previous paragraph, and following my recommendation,
Dillon recalculated the maximum mound height based on kw ~ 1x10-6 m/s and kw ~ 6x10-7 m/s
and used the resulting increased Darcy flux as input to additional POLLUTE modelling. The results
of the new modelling were reported to me in a memo “Ridge Landfill Contaminant Transport
Modelling Sensitivity of Waste Hydraulic Conductivity, Old Landfill Mounding Calculations and
POLLUTE Modelling” (dated 7 January 2020).
Dillon has used a consistent methodology throughout the process in terms of calculating the
maximum leachate mound [using the Hooghoudt (1940) equation] and in calculating the
consequent Darcy flux and corresponding contaminant impact. In my opinion, this approach is
reasonable but conservative. In my experience, the Hooghoudt Equation gives a higher
5
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calculated leachate mound than the more commonly used Harr (1962) equation. Also, the
maximum leachate mound, hmax, and consequent Darcy flux, only corresponds to that at the
center of the landfill, whereas POLLUTE calculates the impact of the entire landfill. Thus, using
the maximum flux at the center for the entire landfill will overestimate the overall flux into the
underlying aquifer beneath the landfill. For this reason, it is more common in impact calculations
with POLLUTE to use the average head (have ~ 0.785hmax ; Rowe et al. 2004). For hmax = 28.5 m (kw
= 6x10-7 m/s) calculated by Dillon, the average head below the mound would be have= 22.4 m and
based on Table 1 of the recent Dillon memo, one can infer that the corresponding predicted
maximum chloride impact for this average head would about 150 mg/L; this is well below the
allowable concentration based on the Reasonable Use Guideline. These results also indicate that
for the lowest suggested kw = 6x10-7 m/s, the impact on the aquifer due to the consequent
maximum 28.5 m mound on the base still meets the allowable concentration based on the
Reasonable Use Guideline.
Based on the foregoing comments and the recent Dillon memo (dated 9 January 2020), in my
opinion, the expected impact on the aquifer due to leachate mounding between the perimeter
drain, calculated based on a reasonable estimate of the hydraulic conductivity of the waste under
the additional applied load due to the additional vertical expansion waste, can be expected to
have an impact below the allowable concentration based on the Reasonable Use Guideline.
In summary, although I would generally not support an approach to controlling the leachate
mound only using finger drains and a perimeter drain for a large expansion over an old landfill,
based on the evidence I have reviewed, in my opinion, in this case, the proposed design approach
is acceptable, would meet the objectives of the Reasonable Use Guideline and O.Reg 232/98 and
can be expected to provide reasonable control of potential leachate seeps. Given the
contaminant loading on the finger and perimeter drains, it must be anticipated that ongoing
maintenance of the finger drains, control of occasional side seeps2, and periodic replacement of
the perimeter drain will be required over Dillon’s estimated contaminating lifespan of 380 years.
References:
Harr, M.E. (1962) Groundwater and seepage, New York: McGraw-Hill, pp. 43-44.
Hooghoudt, S.B.(1940) (in Dutch). Algemene beschouwing van het probleem van de
detailontwatering en de infiltratie door middel van parallel loopende drains, greppels,
slooten en kanalen. No. 7 in de serie: Bijdragen tot de kennis van eenige natuurkundige
grootheden van den grond. Bodemkundig Instituut te Groningen. Rijksuitgeverij Dienst van
de Nderlandse Staatscourant. 's-Gravenhage, Algemeene Landsdrukkerij.

In areas of local low hydraulic conductivity overlain by higher hydraulic conductivity material (not uncommon in
landfills, due to their heterogeneity and inherent anisotropy of waste), which tends to locally direct leachate to
landfill side slopes rather than further down into the leachate mound.
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Reviewed Relevant Documents

October 21, 2019

Project No. 18111331

Dr. Kerry Rowe
54-100 Medley Court
Kingston, ON
K7K 6X2

RE:

REQUEST FOR PROPOSAL - RIDGE LANDFILL PEER REVIEW
BLENHEIM, ONTARIO

Following our telephone call last week, please find below the Request for Proposal (RFP) to peer review specific
components of the proposed Ridge Landfill expansion. A hard copy of the attached electronic files will be
couriered to your residential address.

Project Overview
Waste Connections of Canada Inc. (WCC) has submitted a draft Environmental Assessment Report (Draft EA
Report) to the Ministry of Environment, Conservation and Parks (MECP) to expand the Ridge Landfill. The proposed
expansion consists of a vertical expansion and minor infill of the Old Landfill, a lateral expansion of the West Landfill
and a lateral expansion combined with a minor vertical expansion of the South Landfill.
The Draft EA Report includes the Draft Hydrogeological Impact Assessment Report (Appendix D7) prepared by
Dillon Consulting Limited (Dillon) and the Draft Design and Operations Report (Appendix D6) prepared by Golder
Associated Ltd. (Golder).
The MECP Senior Waste Engineer completed a cursory review and provided initial comments to the Draft Design
and Operations Report. The comment No. 1 provided by the MECP states that the leachate collection system
proposed for the proposed vertical expansion of the Old Landfill is inadequate to control leachate mounding and
seepage through the side slopes. MECP requested the design to be revised and resubmitted. The comment No. 2
provided by the MECP states that a minimum 0.5 m thick clear stone drainage blanket is required for the West and
South Landfill lateral expansions for a 100-year service life design according to O.Reg. 232/98.
Golder presented the technical and regulatory basis for the design related to the two comments mentioned above
during a conference call with the MECP Senior Waste Engineer, WCC and Dillon. The MECP did not change its
position, committed to review the design calculations and modelling to support the proposed design by the end of
October 2019 and is interested in receiving your review to the response to comments No. 1 and 2.
Following the telephone call with the MECP, the following documents were submitted to the MECP for review
(attached):
Golder Associates Ltd.
6925 Century Avenue, Suite #100 Mississauga, Ontario, L5N 7K2 Canada

Golder and the G logo are trademarks of Golder Associates Corporation

T: +1 905 567 4444 +1 905 567 6561

golder.com

Dr. Kerry Rowe

Project No. 18111331
October 21, 2019



Comments No. 1 and 2 as well as response prepared by Golder;



Attachment 1 – Relevant pages of the Draft Design and Operations Report prepared by Golder, with tracked
changes providing additional information and clarifications to facilitate the MECP review;



Attachment 2 – Relevant drawings prepared by Golder;



Attachment 3 – Contaminant Transport Modelling prepared by Dillon;



Attachment 4 – Calculation of Mounding Between Finger Drains – Old Landfill Area Vertical Expansion
prepared by Golder;



Attachment 5 – MECP Hydrogeologist comments to Dillon’s Hydrogeological Impact Assessment for the
proposed expansion;



Attachment 6 – Application and supporting documentation for the clear stone drainage blanket site-specific
design (Cover Letter, Application Form and Report) prepared by Dillon;



Attachment 7 – Letter from MECP providing initial comments on the clear stone drainage blanket site-specific
Attachments 6 to 8 were excluded
design application; and



Attachment 8 – Letter response to MECP and attachments prepared by Dillon.

because they are not relevant to the
peer review.

In addition, the following supplemental information is attached:



Drawing 3 - Proposed Final Contours and Stockpiles (Pre-Expansion);



Drawing 4 - Proposed Final Contours and Stockpiles (Post-Expansion); and



Historical results of analyses completed by Maxxam Analytics on leachate samples collected at the GormanRupp pump station, which pumps the combined leachate from the Old Landfill, West Landfill and South
Landfill.

Scope of Work
The following outlines the Scope of Work:



Review and comment on the response to the MECP comment No. 1 and supporting calculations, modelling
and drawings related to mounding and seepage control to the side slopes of the Old Landfill; and

Proposal Submission
Please submit a brief proposal to provide this peer review indicating cost and schedule. The expectation is to have
the peer review completed as soon as possible, although it is understood that you currently have some commitments
with not well-defined timing.
For this assignment, you will work for WCC directly. Please address your proposal and email to:

Cathy Smith
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Cathy Smith
Waste Connections of Canada Inc.
610 Applewood Crescent, 2nd Floor
Vaughan, Ontario L4K 0E3
Catherine.Smith@WasteConnections.com

Insurance
WCC is aware that you are not covered by a professional liability insurance. Please provide your Terms and
Conditions for WCC’s review in this regard.
Sincerely,
Golder Associates Ltd.

Fabiano Gondim, M.Eng., P.Eng.

Frank Barone, Ph.D., P.Eng.

Project Manager / Senior Waste Engineer

Principal

FG/rb

Attachments: Response to MECP (2 pages)
Attachments 1 to 8
Drawings 3 and 4
Leachate analytical results
https://golderassociates.sharepoint.com/sites/34627g/technical work/kerry rowe peer review/rfp - ridge landfill - peer review.docx
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Response to MECP

Ministry of the Environment, Conservation and Parks
Comment Response Table
Document Reviewed:

Ridge Landfill Expansion Draft Environmental Assessment

Proponent:

Waste Connections of Canada

Date:

September 5, 2019

#

Reference to draft EA

Comments & Rationale

Proposed
Action/Solution

How Addressed in the EA

Environmental Assessment and Permissions Branch, Senior Waste Engineer
1

Appendix D6 – Design
and Operations Report,
S.7.7 Leachate Control
System Design for the
Expansion of the Old
Landfill Area

Vertical expansion is proposed for
the Old Landfill Area, and the
leachate collection system will
consist of finger drains along the
perimeter. For a major expansion
with over 30m of waste mound, the
proposed finger drain system will be
inadequate for leachate collection
and will result in leachate mounding
and seepage through side slope.

A more effective
leachate collection
system for the Old
Landfill area shall
be proposed to
prevent high
leachate mounding
and seepage.

It is noted that finger drains are only one component of the leachate control system for the Old Landfill. The
existing leachate control system has a continuous perimeter drain around the entire Old Landfill, connected to
existing finger drains ranging from 8 m (26 feet) to 23.8 m (78 feet) long, placed 60 m apart to collect leachate
[section 7.7.1 of the Draft Design & Operations Report (D&O Report)] and a continuous perimeter cut-off wall to
control lateral leachate migration (section 7.7.5 of the D&O Report). For convenience, see Attachment 1 for
the above D & O Sections for revisions that will be incorporated into the final EA document.
The proposed design for the vertical expansion of the Old Landfill will enhance the existing system by adding a
second complete perimeter drain and new finger drains. The new finger drains will be constructed 3 m deep, 1
m wide, 25 m long and will be placed 30 metres apart (see Attachment 1, Section 7.7.4 of the revised D & O
Report and Attachment 2 - D&O Report Drawings 14, 18 and 20 for convenience).
The performance of these engineered systems was evaluated to support the proposed design. Attachment 3
evaluates the performance of the perimeter drain. A maximum leachate mounding of approximately 17 metres
above the landfill base was estimated at the centre of the Old Landfill expansion (see Table 7 of Attachment
3). This is an acceptable mounding height since under this maximum mound height the effects on groundwater
quality satisfy the requirements of O.Reg. 232/98 related to the Reasonable Use Guideline. For context, the
leachate mounding at the existing Old Landfill was measured on February 24, 2017 at a maximum height of
approximately 12 metres above base grades, which is approximately 5 metres below the maximum mounding
height predicted for the proposed expansion. The performance of the proposed finger drains was also
evaluated. As documented in Attachment 4, the maximum leachate mounding was calculated as 2.7 m high,
measured from the bottom elevation of the new finger drains. This will result in leachate to remain below the
final cover at the perimeter of the landfill and as a consequence, the potential for leachate seepage through the
side slope is prevented.

#

Reference to draft EA

Comments & Rationale

Proposed
Action/Solution

How Addressed in the EA

The attached design calculations (that have been stamped by a professional engineer) demonstrate that the
perimeter drain and the proposed finger drain design will control the effects of mounding and potential lateral
seepages.
It is noted that perimeter leachate control systems have successfully controlled releases associated with
leachate mounding in Ontario landfills for decades. This includes the existing leachate control system of the
Old Landfill, which has been operational since 1995 and has effectively controlled mounding and seepages.
Perimeter leachate collection systems have a proven track record and are the preferred solution for existing
sites with a clay base such as the Ridge Landfill. It is noted that the Ridge Landfill is underlain by a clayey silt
till approximately 30 m thick.
Also, a landfill expansion designed by Golder was recently approved in Ontario for a comparable vertical
expansion and leachate seepage controlled by finger drains (Humberstone in Niagara Region).
The Hydrogeological Impact Assessment prepared for the Ridge Landfill expansion was reviewed by the
Hydrogeologist of the MECP Southwest Region (Attachment 5). The reviewer concurred with the assessment
and did not raise concerns with groundwater impacts at the site. He acknowledged the fact that the site’s
favourable hydrogeologic conditions make the leachate collection system of limited value for groundwater
protection. Of particular relevance to the design of the leachate control system of the Old Landfill is the
statement that the main purpose of the leachate collection system is to control breakouts at the surface; we
agree with this statement and it should be noted that it formed the basis for the proposal of a perimeter
leachate control system for the expansion of the Old Landfill area.
In summary, the proposed perimeter drain/finger drain design is considered to be acceptable and is expected
to control mounding and lateral seepages as supported by the attached calculations carried out and stamped
by Ontario Professional Hydrogeologists and Engineers with extensive experience at this site and with similar
undertakings elsewhere in the province.
2

Appendix D6 – Design
and Operations Report,
S.7.8 Leachate Control
System Design for the
West and South Landfills

The thickness of the proposed
drainage blanket at the bottom of
the West and South Landfill
expansion areas varies from 0.15 m
to 0.43 m. As the service life of the
leachate collection system is
assumed to be 100 years,
according to O. Reg. 232/98, the
drainage blanket shall be at
minimum 0.5m thick on the bottom
base and 0.3m on the base side
slopes.

The components of
leachate collection
system for the West
and South Landfills
shall be designed
to meet the criteria
as specified in O.
Reg 232/98.

As specifically contemplated by O.Reg.232/98, the Ridge Landfill has a site-specific design for the leachate
collection system that was previously approved for the Ridge Landfill as per Condition 3.2(2) of the ECA No.
A021601 in accordance with Items 77 through 79 of Schedule ‘A’ (Attachments 6 to 8). For a detailed
discussion and justification as to why the site-specific design is applicable to the proposed expansion, please
refer to the revised Section 7.8 of the Design and Operations Report with tracked changes to facilitate review
(Attachment 1). This site specific design was completed in collaboration with Dr. Kerry Rowe and has been
used for the construction of all cells at the Ridge Landfill since 2011 and most recently the detailed design was
approved by the MECP in 2017.The D & O revisions describing this site specific design will be incorporated
into the final version.

Comment 2 is not
relevant to this peer
review.

Dr. Kerry Rowe

Project No. 18111331
October 21, 2019

Attachments 1 to 8
Note: Attachments 6 to 8 were excluded
because they are not relevant to this peer
review.

Attachment 1
July 2019

18111331

A percolation rate of 150 mm per year was therefore assumed for estimating the leachate generation for the preexpansion and proposed expansion. With a fill area of approximately 131 ha, the approved waste fill area was
predicted to have a long-term average annual leachate generation rate of about 540 m³ per day. With the
expansion bringing the total fill area to about 190 ha, the long-term average annual leachate generation rate of the
approved waste fill area and proposed expansion combined is estimated to be about 780 m³ per day.

7.6

Leachate Control System Design Approach and Rationale

The leachate control system design approach for the existing Old Landfill is and will continue to be different from
the design approach for the existing West and South Landfills. The Old Landfill used a finger drain perimeter
leachate collection system and a recompacted clay cut-off wall to control lateral movement of contaminants
through the weathered zone of the clay till, except for the approved Infill Area and proposed East Infill, which use
a recompacted clay side slope liner to control lateral movement of contaminants through the weathered zone of
the clay till. The design of the West Landfill and South Landfill includes a full, continuous underdrain (drainage
blanket) to collect leachate and a recompacted clay side slope liner to control lateral contaminant migration
through the weathered zone of the clay till.
Modelling was performed to determine the groundwater impacts for the proposed expansion of the Old Landfill.
The modelling determined that a perimeter collector system will continue to be adequate to control downward
migration of contamination to acceptable levels. A recompacted clay cut-off wall or a recompacted clay side slope
liner will continue to be required to control lateral leachate migration at the Old Landfill through the weathered
zone. Therefore, the leachate control system for the expansion of the Old Landfill will continue to consist of a
finger drain system and either a recompacted clay cut-off wall or a recompacted clay side slope liner. Further
detail regarding the modelling results and the expected performance in terms of groundwater protection is
provided in Appendix D7 – Hydrogeological Assessment of the EA Report.
Modelling was also performed to determine the groundwater impacts of the proposed expansion Area A and Area
B. The modelling determined that a leachate collection system and liner design for Area A and Area B similar to
the existing West Landfill and South Landfill design will continue to meet the Reasonable Use Guideline, i.e., a full
continuous underdrain (drainage blanket) constructed over the native clay till soils and a recompacted clay liner
constructed at the side slopes is proposed for Area A and Area B. Further details regarding the modelling results
and the expected performance in terms of groundwater protection is provided in Appendix D7 – Hydrogeological
Assessment of the EA Report.
The proposed leachate control designs are described in the following sections. Compliance of the design with the
Engineered Facilities Guideline is addressed in Section 10.0.

7.7
7.7.1

Leachate Control System Design for the Expansion of the Old
Landfill Area
Existing Leachate Collection System

The existing leachate collection system at the Old Landfill consists of finger drains with length ranging from 8 m
(26 feet) to 23.8 m (78 feet), spaced approximately 60 m apart and connected to leachate collectors (perforated
pipes embedded in clear stone) located along the perimeter of Mounds 1, 2 and 3 of the Old Landfill. Manholes
are installed along the collectors at approximately 100 m spacing to facilitate maintenance (see Drawing 14).
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Collected leachate is conveyed by gravity to two existing pump stations and then pumped via forcemain to the
leachate storage tank. From the leachate storage tank, leachate is pumped to the municipal forcemain located
along Erieau Road, which conveys leachate to the BWTL for treatment.
The existing compacted clay cut-off wall provides lateral migration control (see Section 7.7.5).

7.7.2

Proposed Leachate Collection System Expansion

The design for the expansion of the existing leachate collection system was prepared to accommodate the
proposed expansion of the Old Landfill area. The main purposes of the leachate collection system are to control
lateral migration of leachate beyond the perimeter of the Old Landfill and to control leachate mounding height
within the waste. The design of the proposed expansion of the Old Landfill area is that it will have neither a base
liner nor an underdrain leachate collection system; rather, it will be an expansion in general consistency and
integration with the existing leachate collection system of the Old Landfill.
The design incorporates a minor infill located on the eastern portion of the Old Landfill. This minor infill is labeled
as the East Infill and will be located within the boundaries of the approved maximum waste footprint limit (Drawing
14). For cross-sections, refer to Drawing 18 and for details refer to Drawing 20.

7.7.3

Proposed East Infill Base

The proposed East Infill will have a base excavated at 3(H):1(V) side slopes and a flat bottom area at elevation
194 m above sea level (mASL). A review of the Borehole Logs prepared for this area (Gartner Lee Limited, 1981)
indicates that the weathered (brown) till zone extends to elevation 194.8 mASL. The flat bottom area of the East
Infill was set at elevation 194 mASL, which will be approximately 0.8 m below the upper extent of the
unweathered (grey) till at this location. The below grade 3(H):1(V) side slopes will have a 0.6 m thick compacted
clay liner over their entire length down to the floor of the cell. The compacted clay liner will provide lateral
leachate migration control (Drawings 15, 18 and 20).

7.7.4

Proposed Perimeter Drain and Finger Drain Design

Superseded by 3.7 m deep, 25 m apart finger drains

It is proposed that finger drains be installed under the existing soil cover of the Old Landfill. These finger drains
will have minimum dimensions of 1 m wide, 3 m deep and 25 m long. The 25 m length was selected as this will
terminate the finger drains at an elevation corresponding approximately to the leachate levels measured on May
16, 2016, i.e., at elevation 202.6 mASL within the Old Landfill (Dillon Consulting, 2018a). The 25 m long finger
drains will be longer than the maximum length of the existing perimeter finger drains, which range from 8 m (26
feet) to 23.8 m (78 feet).
The proposed finger drains will be spaced at a maximum of 30 m. This will be approximately half the distance of
the spacing for the existing finger drains (i.e., 61 m or 200 feet). Modelling confirmed that 30 m spacing will be
adequate to control leachate mounding (Appendix D7 – Hydrogeological Impact Assessment of the EA Report).
Outside the Infill and East Infill limits, the proposed finger drains will be constructed with clear stone and will be
connected to new perimeter collector pipes (perforated pipes), which will discharge leachate to the existing
manholes. The new perimeter collector pipes will provide a redundancy to the existing perimeter leachate
collection system.
Inside the East Infill limits, the proposed finger drains will be constructed with clear stone and will be connected to
a continuous clear stone drainage blanket placed on the below grade 3(H):1(V) side slopes (Drawing 18). At the
bottom elevation of the clear stone drainage blanket will be a 200 mm diameter perforated HDPE pipe along the
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full length of the blanket. A 200 mm diameter solid HDPE pipe will connect to the perforated pipe at intervals in
order to convey the collected leachate to new manholes (Drawing 20). A separate 200 mm diameter solid HDPE
pipe will convey leachate by gravity from the manholes into the existing manholes or Pump Stations.
The performance of the proposed engineered perimeter leachate control systems was evaluated to support the
proposed design. The performance evaluation of the proposed perimeter drain is found in the Ridge Contaminant
Transport Modelling Memorandum attached to the Hydrogeological Impact Assessment Report (Appendix D7 of
the EA Report). A maximum leachate mounding of approximately 17 metres above the landfill base was estimated
at the centre of the Old Landfill expansion. This is an acceptable mounding height since it meets the O.Reg.
232/98/Reasonable Use Guideline. For context, the leachate mounding at the Old Landfill was measured on
February 24, 2017 at a maximum height of approximately 12 metres above base grades, which is approximately 5
metres below the maximum mounding height predicted for the proposed expansion.
The performance of the proposed finger drains was also evaluated. As documented in Sub-Appendix D6-C, the
maximum leachate mounding was calculated as 2.7 m high, measured from the bottom of the finger drains, which
means that leachate is expected to remain underneath the final cover at the perimeter of the landfill and as a
consequence the potential for leachate seepage will be controlled.

In case of a reduced level of performance or failure caused by clogging or other reasons, finger drains can be
replaced in the future as needed. Also, additional finger drains could be installed in the future to reduce the
spacing if needed.

7.7.5

Lateral Control Measures

A perimeter clay cut-off wall exists at the perimeter of the Old Landfill, except for the Infill area. The existing
perimeter compacted clay cut-off wall is a low-permeability barrier that was designed to control lateral movement
of groundwater into or leachate out of the landfill through the weathered zone of the clay till. The existing cut-off
wall consists of native clay till recompacted in a trench 1.2 m wide, completely surrounding the landfill as well as
the pumping stations, forcemains and header pipes. The compacted clay cut-off wall is keyed into the
unweathered clay till to a minimum depth of 0.6 m (Drawing 18). The compacted clay cut-off wall can be replaced
in the future if needed.
Lateral control at the Infill and East Infill will be achieved with a 0.6 m thick recompacted clay liner installed over
the full length of the below grade 3(H):1(V) side slopes down to the floor of the cell (Drawing 18).
The
recompacted side slope liner construction will be monitored with a testing program for compacted density,
moisture content and hydraulic conductivity of the recompacted clay.
Since the recompacted clay side slope liner consists of native clay soils, its service life is expected to be greater
than the contaminating life span of the landfill.

7.8

Leachate Control System Design for Expansion of the West and
South Landfills (Areas A and B)

The base contours of Areas A and B are discussed in Section 4.4.2. The leachate collection system for Areas A
and B expansions will consist of a full underdrain (continuous drainage blanket), consistent with the leachate
collection system of the existing West and South Landfills. In 2011, the profile of the leachate collection system
was redesigned and approved by MECP for a portion of the existing West Landfill and for the entire existing South

25

July 2019

18111331

Landfill. The continuous drainage blanket thickness was reduced while still meeting the 100-year minimum
service life target.
Typical sections of the proposed leachate collection system design are shown on Drawings 19 and 21.
A leachate collection header pipe along the toe of the excavation side slopes along the entire perimeter of Areas
A and B will convey the collected leachate to sumps located at the low points where the leachate will be extracted
for treatment.
The proposed leachate collection system for the Areas A and B consists of the following components:
Leachate collection lateral pipes oriented in the east-west direction on both sides of the base central ridge.
The leachate collection lateral pipes will be 200 mm diameter perforated high density polyethylene (HDPE)
DR11 pipes, spaced 50 m apart, located at each valley of the base. The drainage path before leachate
intercepts a collection pipe has a maximum length of 31.5 m (Drawing 21, Detail 1). To accommodate
settlement of the landfill subgrade under the weight of the waste fill, the ridges and valleys will be graded at
1.2% under the area where the final cover 4(H):1(V) side slopes will be located and at 1% under the area
where the final cover 5% top slopes will be located. Note that tThe structural integrity of the pipes was
reviewed. The existing pipes for the South Landfill vertical expansion and the proposed pipes for the lateral
expansion are designed to withstand the design load, with factors of safety well above (i.e., by 70% to 185%)
the recommended factors of safety (Sub-Appendix D6-D);
Leachate collection header pipes located at the toe of the side slopes. A leachate collection header pipe
along the toe of the cell excavation side slopes along the entire perimeter of Areas A and B will collect
leachate from lateral pipes and convey leachate from the lateral pipes to sumps located at the low points
where the leachate will be extracted for treatment. The leachate collection header pipes will be 200 mm
diameter perforated HDPE DR11 pipes. The header pipes will be graded at 0.5% minimum and connect to
the leachate collection lateral pipes;
Non-perforated 200 mm diameter HDPE DR11 riser pipes will extend from the lateral pipes and headers, up
the below-ground 3(H):1(H) side slopes to clean-out ports above ground surface at the edge of the fill area.
The riser pipes allow for maintenance activities such as insertion of cameras for visual inspection and
hydraulic jets for cleaning;.
Four low points (denoted “L.P.” on Drawings 12 and 13) were designed to collect leachate and allow the
installation of sump pumps to extract collected leachate. A low point was designed at each of the following
locations: west side of Area A, east side of Area A, west side of Area B and east side of Area B;
450 mm diameter perforated HDPE extraction pipes at each sump. A redundant extraction pipe will be
included to each sump as a contingency;
On the floor of the cells, aA 50 mm nominal diameter clear stone drainage layer consisting of a continuous
blanket 0.15 m thick at the drainage divide between collection pipes (ridges) and 0.43 m thick at the
collection pipes (valleys) will be constructed. On the below-ground 3(H):1(V) side slopes, tThe 50 mm clear
stone drainage layer will be 0.3 m thick. along the below-ground 3(H):1(V) side slopes. This drainage
blanket geometry is part of a site-specific design approved by the MECP in 2011 for all future landfill cells of
the Ridge Landfill (see below for site-specific design discussion and additional details);
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Two non-woven geotextiles, one laid at the bottom and another laid at the top of the 50 mm clear stone
drainage layer; and
A 0.2 m thick sand protective layer above the drainage layer; .and
Leachate will flow by gravity from the lateral pipes to the header pipes. Once collected at the header pipes,
leachate will flow by gravity to the low points of Areas A and B, where Ssump pumps will be installed to
pump leachate from the low points of Areas A and B to the leachate storage tank via forcemains. From the
leachate storage tank, leachate will be pumped by the on-Site transfer pump that connects with the off-Site
municipal forcemain to convey the Ridge Landfill leachate blended with municipal wastewater to the BWTL
for treatment.
Non-perforated 200 mm diameter HDPE riser pipes extend from the lateral pipes and headers, up the belowground 3(H):1(H) side slopes to clean-out ports above ground surface at the edge of the fill area. The riser pipes
allow for maintenance activities such as insertion of cameras for visual inspection and hydraulic jets for
cleaning.In 2011, a site-specific design for the drainage blanket of the leachate collection system was approved
by MECP for the construction of future cells under Condition 3.2(2) of the ECA No. A021601. This ECA Condition
approved the site-specific drainage blanket of future cells in accordance with the information provided in Items 77
through 79 in Schedule A of the ECA. Items 77 through 79 of the ECA Schedule A are attached (Sub-Appendix
D6-E) and discussed below.
Item 77 of the ECA Schedule A (Cover Letter, Application Form and Report):. On December 16, 2010 a
cover letter, ECA amendment application form and a report supporting the application for approval of a sitespecific design was submitted to MECP. The report supporting this application, entitled Ridge Landfill – Leachate
Collection System Amendment and dated November 2010 (herein referred as Report) is summarized below.
The purpose of the application was to obtain approval for a site specific, optimized design of the drainage blanket
that meets or exceeds the minimum standards for a 100-year service life outlined in O.Reg. 232/98 (Schedule 1)
and on which the Ridge Landfill expansion groundwater impact assessment was based. O.Reg. 232/98 permits a
site specific design that uses alternative design criteria where shown to be appropriate (Section 4.5 of the Landfill
Standards Guideline).
The 100-year service life of a leachate collection system presented in O.Reg.232/98 for a generic design is known
to be conservative. The service life calculation presented in O.Reg. 232/98 is based on a method developed by
Dr. Kerry Rowe in 1994. The Report used the same method to calculate the service life of the drainage layer as
that in Schedule 1 of O.Reg. 232/98. The Report, including the site-specific design calculations of the service life
and conclusions was reviewed by Dr. Kerry Rowe (see Appendix A of the Report for confirmation).
Schedule 1 of O.Reg. 232/98 requires a maximum drainage path length of 50 m. The drainage path length to the
collection pipes in the Ridge Landfill leachate collection system averages 25 m (either 18.5 m or 31.5 m). This
reduced drainage path for the Ridge Landfill helped with the thickness reduction of the drainage layer while
achieving the 100-year service life.
In addition, the Ridge Landfill leachate collection system has a 200 mm sand protective layer above the clear
stone drainage layer (separated by a geotextile), which enhances the performance of the leachate collection
system as it will help protect against migration of fines from the waste into the clear stone drainage layer.

27

July 2019

18111331

The Ridge Landfill site specific design meets or exceeds other requirements of Schedule 1 of O.Reg. 232/98 such
as stone gradation, stone thickness below and above the pipes and minimum 0.5% grade toward the leachate
collection pipes.
One of the key parameters for the service life calculation equations is the calcium concentration dissolved in
leachate. The 10-year average calcium concentration at the Ridge Landfill leachate at the time of the Report
preparation was 328 mg/L (2000-2009), which was significantly lower than the 1,500 mg/L concentration used in
the calculations of the Schedule 1 of O.Reg.232/98. The laboratory analytical results for calcium in leachate
samples from 2010 to 2018 were reviewed, and ranged from 130 mg/L in 2016 to 470 mg/L in 2012, i.e. have
remained comparable with the values used in the Report and significantly lower than the 1,500 mg/L
concentration used in the calculations of the Schedule 1 of O.Reg.232/98. The leachate quality for the landfill
expansion will be comparable to current and historical leachate quality because the type of waste and the
maximum waste thickness (for lateral expansion) will not change and therefore the site-specific drainage layer
design applies to the proposed expansion. All other parameters used in the design service life calculations, i.e.,
geometry and porosity of the drainage blanket and infiltration of 150 mm/year will remain unchanged for the
proposed expansion, which supports the conclusion that the site-specific design approved for the West and South
Landfills is applicable to the proposed lateral expansion of Areas A and B and the minor vertical expansion of the
South Landfill.
Item 78 of the ECA Schedule A (MOE Review Letter): On March 28, 2011, the MOE provided comments on the
application and requested additional drawings showing the locations where the collection system was not yet
constructed (i.e., where the site-specific design would be applicable) and a revised final contour plan showing
changes as a result of the reduced thickness of the drainage blanket. Note that these requests were to submit
clarifications and indicated the initial acceptance of the site specific design.
Item 79 of the ECA Schedule A (Letter to MOE and Attachments): On April 11,2011, a cover letter providing
background and the requested drawings were provided to the MECP reviewer.
The ECA amendment was issued by MECP shortly after the submission of the additional information noted above.
For convenience, Items 77 to 79 of the ECA Schedule A are provided in Sub-Appendix D6-E. Seven (7) cells have
been constructed using the approved site-specific design, i.e., Cells 4B East, 4A, 4B, 5A, 5B, 6 and 7.
The site specific design contemplated under O.Reg. 232/98 and approved by Condition 3.2(2) of the ECA No.
A021601 is applicable to the proposed lateral expansion of the West and South Landfills, which includes a minor
vertical expansion of the South Landfill.

7.8.1

Lateral Control Measures

A recompacted clay liner is proposed for the side slopes of Areas A and B, consistent with the existing West and
South Landfills. This proposed compacted clay liner will be constructed with native clay material to control the
lateral movement of groundwater into or leachate and LFG out of the landfill through the weathered zone of the
clay till. The recompacted clay side slope liner will be 0.6 m thick, will extend from the top to the base of the
3(H):1(V) side slopes and will enclose the leachate collection, header, riser and extraction pipes of the underdrain
leachate collection system. The cross-sections shown on Drawings 19 and 21 illustrate the recompacted clay
side slope liner.
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1.0

Cathy Smith, Project Manager, Ridge Landfill EA, Waste Connections
Robin Kell, Hydrogeologist, Dillon Consulting Limited
Bill Allison
July 9, 2019
Ridge Landfill Contaminant Transport Modelling
15-2456

Introduction

Contaminant transport modelling was completed to predict potential groundwater impacts
resulting from the proposed landfill expansion. The computer program POLLUTE was used to by
simulating the movement of contaminants to predict groundwater quality in time and space as
contaminants migrate from the landfill into the groundwater environment. The simulations
incorporate the performance of the leachate control system and the hydrogeologic setting.

2.0

Reasonable Use Guideline

To determine the significance of an impact on groundwater quality the Ministry of the
Environment and Energy (MOEE) developed Guideline B 7, the Incorporation of the Reasonable
Use Concept into MOEE Groundwater Management Activities. The essence of this guideline is to
establish site specific groundwater quality criteria based on criteria established for the
"reasonable use" of the groundwater and background concentrations. These criteria are
applicable at the site boundary. The Reasonable Use for groundwater at the property boundary
is drinking water and thus groundwater at the site boundary must meet criteria calculated using
the Reasonable Use Guidelines.

2.1

Reasonable Use of Groundwater

The guideline states that the Reasonable Use of groundwater in most cases will be drinking
water. This is the case for Layer 3 (the basal / bedrock aquifer) which is the principal water
supply aquifer in the area of the site. Therefore, the “reasonable use” of groundwater at the
site is drinking water.
Critical contaminants are defined as contaminants that due to a combination of a high
concentration in leachate, a low allowable concentration and high mobility in the groundwater
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environment have a higher potential for causing unacceptable impacts than other
contaminants.. O.Reg 232/98 defines eight critical contaminants for landfills:
•

Benzene

•

Cadmium

•

Chloride

•

Lead

•

1,4 Dichorobenzene

•

Dichloromethane

•

Toluene

•

Vinyl Chloride

2.2

Background Concentrations

Of all of the critical contaminants, chloride is the only contaminant that occurs naturally in the
subsurface. Chloride levels vary from 45 mg/L to 400 mg/L with a median value of 125 mg/L.
For the other specified critical contaminants, background concentrations have been assumed
to be zero since they do not occur naturally in the subsurface and were not detected in the
groundwater quality sampling conducted at the site.

2.3

Allowable Concentrations
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Table 1: Allowable Concentrations

3.0

POLLUTE Model Description

The computer program POLLUTE was used to simulate contaminant transport in time and space.
This program is a finite layer contaminant transport model which is based on one-dimensional
advection-dispersion equation for porous media (Rowe et al, 2004). In general, POLLUTE is
applicable where the hydrostratigraphy can be conceptualized as being horizontal layers with soil
properties being the same at any given layer. The hydrostratigraphy of the Ridge Landfill is ideally
suited for the POLLUTE program. The model considers a slice of one metre width through the
landfill in the direction of principal groundwater flow. The model simulates the contaminant
source (i.e., the waste within the landfill) as a finite mass. The finite mass approach assumes that
the mass of any potential contaminant within the landfill is finite and the process of clean water
infiltration through the landfill cover coupled with leachate collection removes contaminants
from the waste, thereby resulting in a decrease in leachate concentrations with time. Loss of
contaminants through the landfill base and biological/chemical decay process, if applicable, are
calculated within the program and also decrease the finite mass and reduce leachate
concentrations with time.
Transport mechanisms simulated by POLLUTE are advection, dispersion (which includes
mechanical mixing and diffusion), adsorption and biological / chemical decay. Advection is a
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process whereby the solute is transported as a result of groundwater movement. Dispersion is a
mechanism where the solute is transported due to a concentration gradient (the diffusion
mechanism where a contaminant moves from an area of high concentration to an area of low
concentration) and due to the mixing of groundwater due to small scale heterogeneities in the
size and geometry of the soil pore space (the hydrodynamic mechanism). Due to the very low
groundwater velocities through Layer 2 hydrodynamic dispersion is considered to be negligible
(Rowe et al, 2004). Adsorption onto soil particles and biological/chemical decay are transport
processes which remove solute from the porewater phase and thereby decrease the net rate of
migration. Linear adsorption was considered for the metal parameters cadmium and lead.

3.1

POLLUTE Model Input Parameters

The hydrogeological input parameters are detailed in Section 5 of the main hydrogeological
assessment report and are summarized in Table 2.
Table 2: Hydrogeological Input Parameters
Parameter

Value

Layer 2 (Unweathered Till)
Hydraulic Conductivity
Porosity

10-10 m/s
0.3

Layer 3 (Basal / Bedrock Aquifer)
Hydraulic Conductivity
Porosity
Hydraulic Gradient
Length Along Groundwater Flow Path

10-6 m/s
0.3
0.0005
1000 m

Leachate, landfill and engineered system input parameters are summarized in Table 3, Table
4 and Table 5, respectively,

Table 3: Leachate Input Parameters
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Initial Source
Concentration
(mg/L)1

Mass as a
Proportion of
Total (wet)
Mass of Waste
(mg/kg)1

Half-Life in
Leachate
(yrs)1

Organic Carbon
Partitioning
Coefficient
Koc2

Partitioning
Coefficient
Kd 2
foc = 0.65%

Benzene

0.02

0.014

25

60

0.39

Cadmium

0.05

0.035

-

-

30

Chloride

2500

1800

-

-

-

Lead

0.6

0.42

-

-

72

1,4 Dichlorobenzene

0.01

0.007

50

616

4.0

Dichloromethane

3.3

2.3

10

110

0.72

1

0.7

15

140

0.91

0.055
0.039
25
56
Vinyl Chloride
1
2
Source: Table 1, O.Reg 232/98; Soil Screening Guidance, USEPA /540/R95/128.

0.36

Contaminant

Toluene

Table 4: Landfill Size Parameters

Area (m²)

Waste
Volume
(M m³)

Tonnage
(tonnes)

Tonnes/
ha

Reference
Height of
Leachate,
Hr (m)

West Landfill + 'A'

874,400

27.5

24,774,300

283,329

20.4

South Landfill +'B'

430,800

12.2

11,018,700

255,773

18.4

West Landfill + 'A' and South
Landfill + 'B'

1,305,200

39.8

35,793,000

274,234

19.7

Old Landfill +Infill + Vertical
Expansion + East Infill

552,000

14.6

13,167,900

238,549

17.2

3,162,400

94.2

84,753,900

268,005

19.3

Expansion Area

Total
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Table 5: Engineered Systems Parameters
Parameter

Value

Drainage Length between Perimeter Drains
West Landfill + 'A' and South Landfill + 'B'
Old Landfill +Infill + Vertical Expansion + East Infill

600 m
620 m

Depth of Excavation
9m
8m

West Landfill + 'A' and South Landfill + 'B'
Old Landfill +Infill + Vertical Expansion + East Infill

0.15 m³/m²/year

Leachate Generation Rate
Average Leachate Head on Landfill Base During Operation of
Underdrain Leachate Collection System
West Landfill + 'A' and South Landfill + 'B'
Service Life of Underdrain, West Landfill + 'A' and South Landfill
+ 'B'

3.2

0.3m
100 years

Total Waste Porosity

0.5

Field Capacity of Waste

0.25

Equations for Performance of Engineered Systems

Leakage through the landfill base through the un-weathered till (Layer 2) is calculated using
Darcy’s Law, via

Where:
: Darcy flux through till
: Hydraulic conductivity of the un-weathered till
: Leachate pressure head on landfill base (m)
: Pressure head at bottom of Layer 2, equals he pressure head in Layer 3 (Basal/Bedrock
Aquifer) equals 22 m (based on a piezometric head of 177 m.a.s.l in Layer 3 and the surface of
Layer 3 at 155 m.a.s.l)
: Thickness of Layer 2 beneath the landfill (m); taken as the surface elevation (199 m.a.s.l
minus the depth of excavation minus the surface of Layer 3, 155 m.a.s.l)
The head increase on the landfill base after the assumed failure of the leachate collection
system is calculated using the following equations:
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Where:
:
:
:
:
(m/a)
:
:

Head on landfill base (m)
Leachate generation rate per unit area (m3/m2/year)
Perimeter drain collection rate per unit area (m3/m2/year)
Darcy flux through Layer 2, determined by Darcy’s Law as above, based on hw(t)
Waste porosity (0.5)
Field capacity if waste (0.25)

The collection via the perimeter drain (qperimeter) can be calculated by using the Hooghoudt
equation (Wesseling, 1972):

Where:
:
:
:

Waste hydraulic conductivity (2 x 10-4 cm/s = 64 m/a; USEPA, 1984)
Distance between perimeter drains (m)
Distance between the landfill base and invert perimeter drain (m);

assumed to equal the depth of excavation.
and:

and:

where:
: Radius of collector pipes (0.1m).
Table 6 and Table 7 summarize the results of the calculations using these equations that are
used as input into the POLLUTE simulations
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Table 6: Results of Calculations
Horizontal Expansion of West Landfill/Area A and South Landfill/Area B Engineered Systems
Parameters

Time Period
(years)

Head on
Landfill Base
(m)

Darcy Flux from
Leachate Collection Darcy Flux in Layer
Landfill Base
Rate (m³/m²/year)
3 (m/year)
(m/year)

0-100

0.30

0.0012

0.1488

0.4211

101-105

2.08

0.0014

0.0000

0.4650

106-110

5.05

0.0017

0.0000

0.5555

111-120

9.43

0.0021

0.0121

0.6888

121-130

13.81

0.0025

0.0722

0.8224

131-140

15.97

0.0026

0.1145

0.8881

141-150

16.87

0.0027

0.1343

0.9156

151-200

17.37

0.0028

0.1457

0.9307

201-5000

17.43

0.0028

0.1472

0.9326

Table 7: Results of Calculations
Vertical Expansion of Old Landfill
Time
Period
(years)

Head on Landfill
Base (m)

Darcy Flux from
Leachate Collection Darcy Flux in Layer
Landfill Base
rate (m³/m²/year)
3 (m/year)
(m/year)

0-5

1.49

0.00137

0.0000

0.4726

6-10

4.46

0.00164

0.0000

0.5526

11-20

8.82

0.00204

0.0132

0.6854

21-30

13.22

0.00244

0.0694

0.8195

31-40

15.52

0.00265

0.1108

0.8895

40-5000

17.24

0.00281

0.1467

0.9421
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Results

Contaminant concentrations were calculated using the contaminant transport model, POLLUTE,
at specified times and depths at and below the land ll base. These results were used to assess
potential impacts on groundwater quality. The predicted increases are compared with the
increase in concentration allowed in the Reasonable Use Guideline (RUG) referred hereafter as
the Reasonable Use Concentration (RUC) and the increase which would result in meeting the
Ontario Drinking Water Objective (hereafter referred to as the Ontario Drinking Water Objective
Increase).
The results of the contaminant transport modelling is summarized in Table 8. This table
summarizes the maximum concentration predicted in the modeling, the time at which that
maximum occurs and the allowable Reasonable Use Concentration (from Table 1). The table
includes model results of the horizontal expansion of the West and South Landfills and the
vertical expansion of the Old Landfill. Due to biodegradation, the organic contaminants (Benzene,
1,4 Dichlorobenzene, Dichloromethane, Toluene and Vinyl Chloride) have virtually no impact in
the Layer 3. The predicted impacts for cadmium and lead are always below that allowed by the
RUG and, because of adsorption, the maximum is predicted to occur more than 5000 years from
present. Figure 1 shows predicted chloride concentration in Layers for the Horizontal Expansion
of West Landfill/Area A and South Landfill/Area B simulation while Figure 2 is a similar graph for
the vertical expansion of the Old Landfill.
Maximum chloride concentrations are predicted to be always below allowable concentrations
and occur more than 3000 years from present.
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Table 8: Predicted Maximum Concentrations
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FIGURE 1: PREDICTED CHLORIDE CONCENTRATIONS IN LAYER 3 - HORIZONTAL EXPANSION OF
WEST AND SOUTH LANDFILLS SIMULATION

Chloride Concentration in Layer 3
Horizontal Expansion of West and South Landfills
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FIGURE 2: PREDICTED CHLORIDE CONCENTRATIONS IN LAYER 3 - VERTICAL EXPANSION OF
OLD LANDFILL SIMULATION

Chloride Concentration in Layer 3
Vertical Expansion of Old Landfill
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Sensitivity Assessment

A sensitivity assessment was completed on the various model parameters for all critical
contaminants. The intent of this assessment is to provide insight into the relative sensitivity of
input parameters used in the simulations. The sensitivity discussion is divided between sensitivity
to hydrogeologic input parameters and landfill related input parameters. Since chloride has the
largest predicted increases for the expanded site, it is used exclusively in the sensitivity
assessment.
The results of the sensitivity assessment are summarized in Table 9. All sensitivity simulations
predicted maximum chloride concentrations less than the allowable concentration of 188 mg/L.
Decreasing the thickness of Layer 2 overburden beneath the landfill base by 2.8 m (based on the
lowest sump elevation) increased the maximum predicted chloride concentration by only 10
mg/L. Assuming a lower groundwater elevation in Layer 3 (thereby increasing the hydraulic
gradient through Layer 2) increased the maximum predicted concentration by just 15 mg/L.
Two sensitivity values of the leachate generation rate were also simulated. A higher leachate
generation rate results in a lower predicted maximum chloride concentrations due to a decrease
in the contaminating life span of the leachate source, while the opposite occurs if there is a
decrease in leachate generation rate. A perimeter drain spacing of 700 m was used in the
sensitivity simulations which slightly increased the predicted maximum concentration by 10
mg/L. An analysis of the effects of the service life of the leachate underdrain system was also
completed by assuming that the underdrain was not present and leachate would be allowed to
build-up on the landfill base and eventually collected in a perimeter collection system. This
simulation predicted a maximum chloride concentration of 137 mg/L, still below the allowable
concentration of 188 mg/L. The simulations indicated that maximum concentrations are more
sensitive to reductions in leachate generation rates, but remained below the allowable
concentration in all scenarios.
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Table 9: Summary of Sensitivity Assessment

Sensitivity Case

Maximum
Predicted Chloride
Concentration
(mg/L) in Layer 3
188

Allowable Concentration
Horizontal Expansion of West Landfill/Area A and South Landfill/Area B
Base Case

111

A Layer 2 thickness of 32.2 m instead of 35 m (difference between lowest sump
elevation of 187.2 m and average base elevation of 190 m)

119

Leachate Generation Rate of 0.2 m³/m²/year instead of 0.15 m³/m²/year

87

Leachate Generation Rate of 0.1 m³/m²/year instead of 0.15 m³/m²/year

160

Perimeter Drain Spacing of 700 m instead of 600 m

121

Assuming that the Underdrain does not function at all compared to the predicted
service life of 100 years

137

Assuming a Layer 3 groundwater level elevation of 175 m instead of 177 m

122

Assuming a Layer 3 groundwater level elevation of 173 m instead of 177 m

126

Vertical Expansion of Old Landfill
Base Case

129

A Layer 2 thickness of 31.7 m instead of 35 m (difference between deepest base
elevation in Mound 3 of 186.7 instead of average base elevation of 190m)

150

Perimeter Drain Spacing of 700 m instead of 620 m

139

6.0

Contaminating Life Span

O.Reg. 232/98 states that "contaminating life span" means,
a) in respect of a landfilling site, the period of time during which the site will produce
contaminants at concentrations that could have an unacceptable impact if they were to
be discharged from the site, and
b) in respect of a landfilling site and a contaminant or group of contaminants, the period of
time during which the site will produce the contaminant or a contaminant in the group at
concentrations that could have an unacceptable impact if they were to be discharged
from the site.
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The contaminant transport modelling indicates that chloride is the only contaminant that has
predicted concentrations relatively near (but below) the allowable concentration determined by
the Reasonable Use Guideline. The modelling results also indicate that Layer 3, the drinking
water aquifer, is protected with predicted maximum chloride concentrations below the allowable
concentration of 188 mg/L with the maximum concentration of 103 mg/L not occurring for over
3,000 years. The modelling also indicated that even if the leachate underdrain system in the
horizontal expansion areas did not function at all and leachate was allowed to build-up on the
landfill base immediately, predicted contaminant concentrations remain below allowable
concentrations. However, a perimeter leachate collection system is required to prevent landfill
seeps at on the landfill side slopes and protect surface water features and the shallow Layer 1
groundwater.
Figure 3 graphs the predicted chloride concentrations in leachate with time. As indicated in this
figure, the contaminant transport model predicts that chloride concentrations will be below the
allowable concentration of 188 mg/L in 380 years. The analysis indicated that the underdrain
leachate collection system is not needed to achieve compliance with the drinking water aquifer
(Layer 3). Leachate collection from a perimeter leachate collection is required from the vertical
expansion of the Old Landfill and the new fill areas after the underdrain leachate collection
system ceases to function for the duration of the contaminating lifespan.
FIGURE 3: PREDICTED CHLORIDE CONCENTRATIONS IN LEACHATE
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As shown in the attached cross-sections we have:
qINF

= steady state infiltration rate through final cover = 0.15 m3/m2/y

L

= horizontal distance between the perimeter drain and central peak of the landfill = 400 m

QINF

= total infiltration per unit width over the horizontal distance L (m3/y)
= qINF x L x 1 m (unit width)
= 0.15 m/y x 400 m x 1 m
= 60 m3/y

H

= vertical distance between the bottom elevation of the finger drains to the maximum top
elevation of finger drains = 6 m

qLAT

= lateral flux collected by the finger drains (m/y)
= QINF / (H x 1 m) = 60 m3/y / (6 m x 1 m) = 10 m/y

The mounding between the finger drains can be calculated as follows (Ref. 1):
H

= 0.5 l

q
k

where,
HMAX
l
kW

= maximum height of mounding (m)
= distance between the finger drains = 30 m
= hydraulic conductivity of waste = 1 x 10-3 cm/s = 315 m/y (Ref. 2 and 3)
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HMAX is less than the 3 m depth of the finger drains and therefore the mounding between finger drains will
remain beneath the final cover.

Cross section showing proposed finger drain and vertical expansion.

Cross section A-A’ showing mounding between two finger drains.

https://golderassociates.sharepoint.com/sites/34627g/technical work/ridge landfill - mounding between finger drains.docx
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Attachment 5

MEMORANDUM
TO:

Carolyn Lee
Special Project Officer
Environmental Assessment and Permissions Branch
Ministry of the Environment, Conservation and Parks

FROM:

Mark Harris, P.Geo
Hydrogeologist
Southwest Region
Ministry of the Environment, Conservation and Parks

DATE:

August 15, 2019

RE:

Ridge Landfill.
Hydrogeological Impact Assessment, July 2019.

I have reviewed the Hydrogeological Impact Assessment that was prepared by Dillon
Consulting, as part of the Environmental Assessment being conducted for expansion of the Ridge
Landfill Site. The report is dated July 2019 and was included as Appendix D7 in the Draft
Environmental Assessment report.
I do not have any major concerns with respect to ground water at the site. As this is the
expansion of an existing landfill site, significant site characterization and monitoring has already
been completed. The existing information was supplemented by additional site analysis to further
support the current proposal.
Background
The existing and proposed landfill footprints are underlain by over 30 m of fine-grained material,
classified as clayey silt till. The upper few metres of the till are more heavily fractured; a
condition that is commonly observed in similar settings in southern Ontario. However, the
majority of the thickness of this material is unfractured and has been shown to exhibit values of
hydraulic conductivity in the order of 10-10 m/sec.
Upon consideration of the local hydrogeology, the report identified two possible pathways for
local ground water to become contaminated. The first is through the lateral flow of ground water
in the uppermost 4-5 m of the clay till, which is known to be more heavily fractured. The second
is via downward migration to the local contact aquifer, which is encountered at the interface
between the overburden and the underlying bedrock. Most local wells are supplied by the
contact aquifer.
In both situations, ground water is expected to be protected. In section 5.1, shallow ground water
is expected to be diverted around the waste due to the side wall liners. Further protection is
afforded by the leachate collection system, which is designed to maintain landfill liquid levels
below the surrounding ground water table. This will create a gradient towards the leachate
collection system, rather than the other way around.

In the event that leachate is able to migrate beyond the leachate collection system, it would have
only a limited potential to contaminate deeper ground water. Despite the presence of a
downward hydraulic gradient, the very low hydraulic conductivity means that downward
migration of ground water can be expected to be in the order of about 1 cm per year. Modeling
results calculated that it would take about one thousand years for a conservative (non-reactive)
contaminant to reach the local supply aquifer. More reactive contaminants will experience much

Transport of contaminants through the subsurface can be expected to be very slow, and take
several thousand years to impact the underlying contact aquifer. Modeling suggests that the
critical contaminants at this site will remain below the Reasonable Use Criteria.
In addition, the proposal is to include the construction of leachate collection systems, which may
add further ground water protection. It is acknowledged that the local hydrogeological
conditions make the leachate collection system of limited value for ground water protection. Its
main purpose is to control liquid levels to prevent breakouts at surface.
Action Items
I agree that the risk to ground water resources at this site can be expected to be low. However,
there are several outstanding items that should be addressed for the final EA document.
1. Figure D7-17 depicts a somewhat irregular pattern for ground water flow, including an
isolated depression around well 63-A. Water levels are known to recover very slowly
following sampling/purging from wells in a fine-grained formation. Might the water
table surface have been constructed using water level measurements from wells that had
not stabilized after sampling? If this were the case, would it make a difference to the
proposed plan?
2. The report would benefit from the inclusion of a new figure that portrays ground water
protection strategies at this site. For example, Figure D7-7 illustrates the subsurface
stratigraphy and shows the position of the landfill. A diagram like this could be enhanced
by showing the presence of the leachate collection system and/or clay liner.
3. As an alternative, a new diagram could be used to place the landfill, geology, leachate
collection system, property boundaries and off-site wells within context. This could be
either a schematic, or a drawing made to scale to provide a sense of perspective for the
reader. This provides a more visual depiction of the possible pathways from the landfill
to receptors, while at the same time illustrating and annotating the various risk reduction
factors that are asserted to occur at the site. The proponent should consider including a
figure like this either in hydrogeological report or in the main EA report.
4. The report should clearly identify that the monitoring program (and contingency plan) is
intended to be fluid, and that it may need to be modified at any time in the future to
respond to unforeseen conditions.

5. Appendix D7-G reports on Contaminant Transport Modeling. In Table 6, the leachate
collection rate in the horizontal expansion area is shown to decrease to 0.0 m3/m2/year
after 100 years, coinciding with the expected service life of the leachate collection
system. However, this rate is shown to begin to rise again 11 years later. In Table 7, the
leachate collection rate in the vertical expansion area is reported as 0.14 m3/m2/year from
40 to 5000 years after construction.
I would expect that that leachate collection rate should remain at 0.0 m 3/m2/year after the
collection system has failed. The tables should either be revisited and adjusted
accordingly, or, the text should be modified to explain how the numbers can exceed 0.0
m3/m2/year. The last paragraph on page 14 appears to refer to this issue, but is not clear.
6. Since the spatial extent of the landfill is being expanded, so too should the area in which
off-site private wells are monitored. Are there any wells that will become much closer to
the landfill after the expansion? For example, wells associated with properties just south
of the southern tip of the property. If the landfill will encroach on them at the same
distance as it does to the private wells that are currently monitored, efforts should be
made to add them to the monitoring program.

