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MEMORANDUM 
 

Cambium Environmental Inc. 

P.O. Box 325 

52 Hunter Street East 

Peterborough, Ontario, K9H 1G5 

Telephone: (705) 742.7900   1 (866) 217.7900 

Facsimile: (705) 742.7907 

 
 

To: 
 

Bryan Martin 

From: 
 

John Desbiens 

Date: 
 

December 1, 2010 

Copies: 
 

Cambium File, Sadie Bachynski,  

Re: Ruland Request dated November 6, 2010 
Ruby Road Waste Disposal Site Capacity Expansion Environmental Screening 
Cambium Ref.: 07-1219-001 

  
  

As requested, Cambium is providing the following responses to the information request from Mr. Ruland dated 

November 6, 2010 (Ruland Request) that was forwarded by the Golden Lake Property Owners Association in 

correspondence to the Township of Bonnechere Valley dated November 8, 2010.  The answers are provided in 

the same numbering format as the Ruland Request. 

A) Questions About Existing Landfill, Including Monitoring and Impacts 

1) The hydrogeological modeling report provided includes information derived from the existing closed 

landfill.  This report provides valuable insights into the hydrogeology of the area and how the 

contaminant plume from the proposed landfill is expected to move through the groundwater flow 

system. 

2) A review of the following documents may answer your questions: 

a. Site Capacity Study, Ruby Road Landfill (The Greer Galloway Group Inc., July 21, 1999). 

[ATTACHED] 

b. Site Closure and Waste Transfer Facility Operations Plan, Ruby Road Waste Disposal Site 

(Jp2g Consultants Inc., August 2002). [ATTACHED] 

c. Amended Provisional Certificate of Approval Number A411501 [ATTACHED] 

3) Refer to Response A2b.  The downgradient well (BH-1) would have been deemed sufficient to provide a 

representative characterization of the leachate at this closed landfill. 

4) VOC analysis is not included in the monitoring of the currently closed site.  Refer to Response A2b. 
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5) No domestic well sampling has been conducted to our knowledge.  The closest residential wells are 

greater than 500 metres from the existing Ruby Road Waste Disposal Site.  It should be noted that this 

item has been raised in the most recent annual monitoring report review and will be addressed in the 

2011 monitoring program as it is agreed that the sampling would be a valuable precautionary measure 

to confirm the those non-health related parameters believed to be travelling beyond the property 

boundary are not impacting those residential wells. 

6) As the method used for well development and sampling at the Ruby Road site (sample tubing and foot-

valve) disturbs the groundwater environment, a turbid free sample cannot be collected and therefore 

field filtration is required.  The field filtering is also intended to maintain consistency with the historical 

analytical results data for the monitoring well network.  

7) The new wells were established for the purpose of conducting the hydrogeological investigations for an 

expanded site; not for the monitoring of the existing closed site.  The existing background well (BH-2) is 

appropriate and representative of the groundwater entering the existing closed site. 

B) Questions About Design and Operations of Proposed Landfill 

1) The conceptual plan for the landfill development currently does not use trenches. 

2) The final cover material will be identified based on the performance of the landfill at the time of closure; 

however, at this time it may be assumed that a low permeability soil (clay) will be used.  The hydraulic 

conductivity of the soil will be determined by what suitable material is locally or regionally available. 

3) It is proposed that the landfill will be natural attenuation landfill that will not employ leachate collection. 

4) The surface water runoff will be directed to remain on the site and allowed to infiltrate to the subsurface. 

5) The estimated quantity of leachate to be generated by the expanded landfill is based on the recharge 

rate (87.5 mm/yr) and the full area of the waste disposal site expansion footprint (2.5 ha) which equates 

to 2,187 m3/yr.  See Section 6.1.2 and 8.1 of the hydrogeological modeling report. 

6) Operational activities will be detailed in the Design and Operations Report; however, it may be assumed 

that informal inspections will occur on days of operation.  Formal inspections would occur on a quarterly 

basis with special attention to more frequent inspections during the spring season.  In the event of the 

presence of a “leachate spring”, it would be addressed in a manner appropriate for the circumstance 

and conditions. 
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C) Questions About Hydrogeology of Proposed Landfill and 

Surrounding Area 

1) See Response B3. 

2) To date, such a map has not been prepared for this study.   

3) See Figure 7 of the hydrogeological modeling report. 

4) No.  See borehole logs in Appendix A of hydrogeological modeling report. 

5) The issues at the existing closed landfill site will be addressed in the appropriate manner in consultation 

with the MOE regardless of whether an expansion of the disposal capacity at the site occurs. 

6) A slug test was attempted at this monitoring well; however, the water level stabilized too quickly for 

measurements to be obtained.  Subsequently, a bail test was attempted and similarly, the water level 

stabilized almost immediately, making drawdown measurements impossible.  As such, the greatest 

hydraulic conductivity was applied in the hydrogeological model to the localized area at BH-1. 

7) See page 5 of Supplemental Studies for Natural Environment Features of Ruby Road Waste Disposal 

Site dated November 2008 in your possession, “The watercourses of the stream system closest to the 

proposed waste site represented by numbers 77, 78 and 121 are defined as intermittent watercourses 

that do not directly provide fish habitat in the vicinity of the road crossing.”  Further commentary on this 

matter will be provided in the Environmental Screening Report. 

8) The municipality would not own the land to the west of the proposed expansion area.  Therefore: 

a. This is not planned. 

b. This is not planned. 

c. No such time of travel estimate has been calculated since surface and subsurface conditions 

would be such that contamination of the intermittent creek is not anticipated. 

D) Questions About Computer Modelling in Support of the Proposed 

Landfill 

1) The simulated worst-case scenario in the hydrogeological model employs not only an exaggerated 

value for the contaminant concentration, but also employs exaggerated values for other aspects 

affecting the aggregate prediction.  Therefore implications of a chloride concentration realized at a value 
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greater than 300 mg/L in the generated leachate, however unlikely, would be countered by the more 

probable, non-exaggerated values of the other aspects affecting the contaminant transport. 

2) Please refer to section 7.1 of the modelling report.  In the model, the chloride was represented as a non-

reactive, conservative species, which effectively makes it perpetually persistent.  Using vinyl chloride in 

this circumstance has no merit.  Yes, the persistence of vinyl chloride in the environment is well 

documented. 

3) See section 6.2.2 and section 8.5 of hydrogeological modeling report.  Note that a porosity was chosen 

which would best represent the water flow at the overburden-bedrock interface zone where the 

groundwater is observed. 

4) See Section 6.1.2 and 8.1 of the hydrogeological modeling report. 

5) See Response B5.  Given that you have not provided your calculations in your rough estimate, no 

further comment may be provided.  Please provide your calculations and assumptions. 

6) The modeling does not support the hydraulic connection between any shallow groundwater discharges 

to surface at locations west or east of the site.  Therefore these features are localized and independent 

of the bedrock aquifer underlying the unsaturated overburden at the landfill expansion area. 

E) Questions About Monitoring and Contingency Plans for the 

Proposed Landfill 

1) Recommendations have not yet been developed as this will be addressed the Design and Operations 

Report; however, rest assured that several monitor locations will be proposed down-gradient, cross 

gradient, within, and up-gradient of the landfill expansion area.  The frequency of sampling and 

parameters of analysis will be prepared in consultation with the MOE standards, guidelines, and staff. 

2) See Section 10.0 of the hydrogeological modeling report. 

F) Missing Reports on the Proposed Landfill 

1) To correct a misinterpretation, no preliminary hydrogeological assessment report was prepared, nor was 

this ever stated.  The preliminary hydrogeological information was maintained as a growing body of 

work which culminates in the hydrogeological modeling report.  To suggest otherwise is misleading. 

2) Similar to Response F1, the study culminated in the hydrogeological modeling report; no detailed 

hydrogeological study report has been prepared nor was this ever stated.  
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3) The wording in the hydrogeological modeling report has been prepared with the understanding that it 

will support the Environmental Screening Report.  The Environmental Screening Report is still in draft 

format and not available to the public.  Only once the report is completed, submitted to municipal 

Council and approved as final by Council will the report be released.  It is not the practice of the 

municipality to release technical documents in draft format. 

Closing 

Please be advised that the existing publicly available information requested relating to this Environmental 

Screening has been provided.  The Township has endeavoured to answer all questions accurately in as 

transparent a manner as possible.  It is important to recognize that regardless of the schedule you may 

personally have set for your review of the documentation prepared to date, the Township has interpreted your 

request for this information “at the earliest possible convenience” to be that and has responded accordingly.  

Professional and respectful dialogue on this matter is paramount for the process to achieve its full value.  The 

Township is pleased to receive meaningful and honest opinions from the public regarding the progress of the 

Environmental Screening to date. 



Independent Review of Hydrogeological Issues

Pertaining to the Proposed Ruby Road Landfill 

near Golden Lake, Ontario

Prepared for: 

The Golden Lake Property Owners Association

Prepared by Wilf Ruland (P. Geo.)

766 Sulphur Springs Road
Dundas,  Ontario

L9H 5E3
(905) 648-1296

deerspring1@gmail.com

February 18, 2011
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1) Introduction

I am a hydrogeologist, and I have worked as an environmental consultant for 25 years (2 years in 
Germany and 23 years in Canada).  I am a specialist in landfill-related groundwater and surface 
water contamination issues, and have investigated many such issues over the course of my 
consulting career.  

I have given testimony as an expert witness on landfill-related hydrogeological issues before various 
boards, including the Environmental Assessment Board, the Joint Board, and the Niagara 
Escarpment Commission.  A copy of my Curriculum Vitae is available upon request. 

I have been retained as an expert (by the Golden Lake Property Owners Association, or GLPOA) to 
provide independent advice with respect to the potential hydrogeological impacts of an “attenuation 
landfill” which is proposed to be situated near Golden Lake, Ontario.  This review outlines my 
findings, conclusions and recommendations regarding the proposed landfill and its potential 
impacts.  

In order to carry out my review work, I have reviewed a series of documents and the most important 
of these are listed as references in Appendix A of this review.  I have also toured the landfill and 
the surrounding area (on Nov. 1, 2010), and corresponded with the Township’s staff and 
consultants.  Appendix B of this review contains my November 6, 2010 letter to the Township 
(which contains a series of questions about the proposed landfill) - the Township’s letter of 
response to my questions (dated December 2, 2010) can be requested from the Township.  

2)  Background on the Proposed Landfill

The Township of Bonnechere Valley is proposing to build and operate a 2.5 hectare “attenuation 
landfill” - this is the term used for a landfill with no facilities for collection or treatment of its 
leachate (the contaminated liquid which forms when rainfall leaches contaminants out of the 
wastes).

If the landfill proposal is approved, the intention is for all of the proposed landfill’s leachate to 
simply be allowed to leak into the ground.  The assumption being made is that the leachate will all 
be “attenuated” (ie. filtered, absorbed, and diluted) on the proposed landfill property, with no off-
site impacts occurring.  

It is my position based on my review of the publicly available information that this assumption is 
not reasonable, and that the proposed landfill is likely to cause extensive and unacceptable off-site 
contamination of groundwater and/or surface water.  A detailed discussion of my reasons for this 
position is provided in Section 6 of this review.  

3)  Description of Site Topography, Geology, Drainage, and Climate

a)  Geographical Setting
The proposed landfill is situated on an 80 acre (32 hectare) property which is part of Lot 27, 
Concession 9, Township of South Algona in the amalgamated Township of Bonnechere Valley in 
Renfrew County.  The proposed landfill property is adjacent to a small, closed landfill which was 
operated by the Township until it was closed at the end of 2003.

The proposed landfill location is on top of a ridge just south of Ruby Road and is less than 2 km 
southwest of Golden Lake.  
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b)  Topography and Geology
The ridge on which the landfill is proposed to be situated is a glaciofluvial kame moraine feature.  
The ridge rises well above the surrounding area, and has steep slopes to the east and north and 
gentler slopes to the west.  The terrain on top of the ridge is gently rolling, though there is a notable 
westward sloping valley feature in the immediate location of the proposed landfill.  The regional 
slope is to the north and east from the area of the proposed landfill towards Golden Lake.

The overburden on the ridge is composed of a 2 to 20 meter (m) thick deposit of mixed sand and 
gravel, overlain by up to 11 m of silty sand.  Underlying the overburden deposits is Precambrian 
bedrock which is described as fractured granite.

c)  Drainage
Drainage from the proposed landfill will be to the west toward an unnamed stream on the adjacent 
property which flows directly into Golden Lake.  This stream flows most of the year, but was 
reported to have standing water only on July 30, 2008.  

Certainly this stream could provide an effective potential pathway for the rapid transport of 
contaminants from the landfill into Golden Lake -  I estimate that travel times would be less than a 
day for any contamination which reaches the creek to be discharged into Golden Lake.

A major shortcoming of the hydrogeological investigation of the proposed landfill is the fact that 
this stream and the role it may play in causing contamination of Golden Lake has not been 
identified or assessed.  This issue is discussed in more detail in the following sections of this 
review.

d) Climate
The proposed landfill is situated in Eastern Ontario.  The climate of this region is characterized by 
long cold winters, with the other seasons relatively shorter. Summers are warm and pleasant.  
Precipitation averages about 900 mm/year. 

4)  The Township’s Investigation of Site Hydrogeology

a) Introduction
The Township has yet to provide the public with a report on the hydrogeology of the proposed 
landfill site, even though detailed knowledge of a proposed site’s hydrogeology is an essential 
prerequisite for any attenuation landfill.

Recall that at an attenuation landfill, there are no provisions for leachate collection.  The design goal 
for the landfill is for all of its leachate leak into the underlying groundwater flow system.  

Off-site groundwater and surface water contamination is an ever-present threat that must be very 
carefully assessed when an attenuation landfill is being proposed -  I am not persuaded that this 
threat has been assessed carefully enough with respect to this landfill proposal for reasons which 
are outlined in detail below. 

b) Missing Hydrogeological Information
As discussed above, the threat of off-site groundwater and surface water contamination must be 
carefully assessed in any proposal for an attenuation landfill.  The only way to do this is to carry 
out a detailed hydrogeological investigation of the property on which the landfill is proposed to be 
situated as well as of the surrounding area.
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Following below is a list of the hydrogeological information which appears to have not been 
obtained for this proposal:

• regional groundwater flow directions and flow divides need to be understood and identified, 
but there are no off-site monitoring wells that would allow the proponent to do so;

• a firm understanding of where groundwater contamination from the proposed landfill would 
be moving once it crosses the downgradient (east and north) property boundaries is needed;

• local domestic wells, significant springs, and larger groundwater users (eg. resorts on Golden 
Lake) which are downgradient of the proposed landfill need to be identified;

• there does not appear to have been any effort to use the case history provided by the nearby 
existing closed landfill, by tracing the off-site contamination plume from that landfill (this 
would provide real-world evidence to compare to predicted groundwater flow directions);

• there has been no effort to properly characterize the leachate from the existing landfill (no 
leachate well and no testing for potentially hazardous contaminants);

• there is no water balance for the proposed landfill site or the surrounding area;

• the extent of the possible perched overburden groundwater flow system to the immediate west 
of the proposed landfill does not appear to have been mapped or characterized;

• the possibility of shallow groundwater flow to the west from the proposed landfill (with 
discharge to a creek which flows into Golden Lake) has apparently not been identified.

c) Misconstrued Hydrogeological Information in Modelling Report
Several aspects of the site hydrogeology appear to have been misconstrued in the computer 
modelling done in support of the proposed landfill:

• The rates of leachate generation being used for the proposed landfill are too low - they have 
been estimated at 8.75 cm/year, when in fact they are likely to be closer to 40 cm/year.  The 
recharge rates being used for the local groundwater flow system are also too low.

• The hydraulic conductivity of the overburden units has been significantly underestimated.

• The porosity of the overburden has been estimated to be a uniform 15% - in fact it will be 
much higher in the overburden (about 25%) and much lower in the bedrock (about 5%).

• The model incorrectly assumes that there is no silty sand overburden layer in the proposed 
landfill area, and does not account for the creek and wetland west of the proposed site.

• The model suggests that interface aquifer groundwater flow is due east - this is not consistent 
with actual water level observations which suggest flow to the northeast and/or east.

d) Summary
The sparse hydrogeology information which has been provided to the public to date by the 
Township does not inspire confidence.  Key aspects of site hydrogeology do not appear to have 
been investigated, and others appear to have been misconstrued. There is nothing to suggest that the 
very detailed knowledge base required for an attenuation landfill has been assembled.  I am 
recommending that extensive further hydrogeology investigations are needed as outlined in 
subsequent sections of this review. 
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5)  My Interpretation of Site Hydrogeology

The key to an accurate assessment of the potential impacts of a proposed attenuation landfill on its 
surroundings is the investigation and description of the site hydrogeology.  The indications from 
the publicly available information are that an inadequate hydrogeological site investigation has been 
carried out to date, as described and discussed in Section 4 above.  

This section of my review provides a synopsis of my interpretation of the site’s hydrogeology 
based on my independent review of the available data.  A more detailed discussion of my 
interpretation of the site’s hydrogeology is provided in Appendix C of this review.

Overall the impression conveyed by my review of the publicly available information material is that 
at present the Township does not have a good understanding of the hydrogeology of the proposed 
attenuation landfill location.  The site hydrogeology is very complex, and this complexity has not 
been adequately discussed in the materials issued in support of the proposed attenuation landfill to 
date.

My interpretation of the site’s hydrogeology is as follows:

a) Complex and Variable Overburden Geology

The limited number of monitoring wells which have been drilled in the area of the proposed landfill 
have revealed that the site’s overburden geology is quite complex and highly variable.  In the 
relatively small 32 hectare area from which borehole information is available, we see the following:

• the thickness of the surficial silty sand layer varies from 2.3 to 11.3 meters;

• the thickness of the underlying gravel/sand deposit is even more variable - ranging in 
thickness from 1.5 to 23.3 meters;

• overall the overburden thickness varies from less than 9 to over 27 meters thickness;

• the bedrock surface elevation varies by over 25 meters.

b) Hydraulic Conductivities

I believe that the computer modelling done for the site has not used overburden hydraulic 
conductivities which will accurately reflect the actual hydraulic conductivities of the overburden 
units in the field.  

Hydraulic conductivities appear to have been underestimated by a factor of over 30 times in the silty 
sand unit (which I estimate has a hydraulic conductivity of about 10-5 m/s) and by a factor of over 
10 times in the gravel and sand (which I estimate has a hydraulic conductivity range of 10-3 m/s to 
10-5 m/s, with an average of about 10-4 m/s).

c) Porosities

The porosity of the overburden was estimated to be 15% throughout the overburden and the 
bedrock.  In my opinion, porosity in the overburden will be considerably higher (about 25%), and 
will be considerably lower in the bedrock (about 5%).
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d) Groundwater Flow Directions

The proposed landfill location is on a ridge from which groundwater potentially flows in several 
directions, and once the leachate has leaked into the groundwater system it will be carried along by 
the groundwater which is flowing beneath the site.  Broadly speaking, the groundwater (and 
leachate) from the landfill area could move in two possible directions:

->  laterally westward from the western parts of the site through the silty sand, 
discharging to the creek just west of the property boundary;

->  vertically downward through the gravel and sand, and then laterally outward to the 
east and northeast in the interface aquifer and the bedrock.

e) Groundwater Flow Rates

I estimate that potential rates of groundwater flow in the proposed landfill vicinity are as follows:
• rate of westward flow (through silty sand) -  about 19 meters per year
• rate of east/northeast flow (through interface aquifer) -  about 275 meters per year
• rate of east/northeast flow (through bedrock aquifer) -  hundreds of meters per year

In the interface aquifer groundwater will likely be moving to the east (where it may discharge from 
springs at the base of the ridge) and/or the northeast toward Golden Lake.  Flow rates in the 
interface aquifer are likely to be quite rapid (in the 100s of meters per year).

Factors that may cause a deflection of groundwater flow directions downgradient of the proposed 
landfill area include surface springs and large volumes of human groundwater use (eg. intensively 
used domestic wells, farm wells, and resorts on Golden Lake).

f) Water Balance

For the purpose of this review I am providing a rough estimate of water balance parameters.  The 
water balance of a landfill can be expressed as follows:

precipitation  =    evaporation  +  runoff   +  leachate generation

Precipitation in the area of Golden Lake is about 900 mm/year.  Of this amount on a landfill site 
with no vegetation about 400 mm/year will be lost to evaporation, and about 100 mm/year will run 
off the site during rainfall events and spring runoff.  This leaves about 400 mm/year which will 
infiltrate into the landfill wastes and generate leachate. 

g)  Summary

My interpretation of the site hydrogeology is described above.  It differs significantly from the 
interpretation of site hydrogeology provided in the Township’s information materials.  

There are significant implications arising from this disagreement - namely the answer to the 
question of whether or not the proposed landfill site could be suitable for an attenuation landfill.  
Overall, I am concerned that this site is not nearly as suitable for an attenuation landfill as has been 
publicly suggested, and may in fact be unsuitable.  This issue is discussed in more detail in the 
following sections of this review.
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6) Potential Impacts of the Proposed Township Landfill

a)  Introduction

The Township is proposing to build an “attenuation landfill” - this is a euphemism for a landfill 
with no leachate collection or treatment.  The design goal is for all of the landfill’s leachate to leak 
into the ground.  The assumption being made is that the leachate will all be “attenuated” 
(ie. filtered and absorbed) on the proposed landfill property, with no off-site impacts occurring. 

In practice, it appears that constructing an attenuation landfill at this location could cause two major 
problems:

• off-site contamination of the downgradient groundwater flow system to the northeast;
• off-site contamination of surface water in the creek to the west of the site, with the 

contaminants flowing downstream into Golden Lake.

To gain an understanding of the implications of the potential problems posed by this leaky landfill 
site design, it is important to first consider in more detail the subject of landfill leachate. 

b)  The Nature of the Proposed Landfill’s Leachate

“Leachate” is the term for the contaminated liquid which is generated inside a landfill, when water 
seeping into the landfill (from rainfall or melting snow) comes into contact with the landfill’s wastes 
and “leaches” chemicals from the wastes.  A landfill’s leachate directly reflects the contents of the 
landfilled wastes.

Leachate derived from modern municipal waste streams contains thousands of chemicals (Cherry et 
al, 1987).  Many of these chemicals are harmless, but some are problematic if they get into the 
environment, and a few may be hazardous if present even in minute amounts.  Thus landfill leachate 
is a noxious liquid which should not be ingested, and which should be prevented from coming into 
contact with plants, fish or animals in the natural environment.

It is interesting that despite proposing a landfill which by design would leak all of its leachate into 
the natural environment, the Township has not provided the public with a detailed description of 
what kinds of contaminants can be expected to be leaking from the landfill.

Experience at other Ontario landfills has shown that the following types of contaminants can be 
expected at any landfill:

• common inorganic parameters including salts such as sodium and chloride, and nutrients 
such as ammonia and nitrate;

• heavy metals such as arsenic, lead, cadmium, chromium and mercury - many of which are 
toxic or neurotoxic and which pose significant threats to aquatic life forms due to 
bioaccumulation if they get into surface waters;

• organic chemicals found in petroleum hydrocarbons such as benzene (a known carcinogen), 
and toluene (a neurotoxin), both of which are problematic contaminants in groundwater;

• organic chemicals found in solvents such as trichloroethylene (a known neurotoxin and 
suspected carcinogen), which is an especially problematic contaminant in groundwater.

It would be naive to assume that these types of chemicals which are common at other Ontario 
landfills will not also be present in leachate from the proposed attenuation landfill.  However to date 
there has not been detailed information provided to the public by the Township of potential leachate 
quality and the implications for contamination of groundwater and/or surface water from the 
proposed landfill.
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As is discussed in more detail below, it is my expectation that an attenuation landfill at this location 
will develop a groundwater contamination plume which will cross the boundaries of the proposed 
landfill property and cause off-site exceedences of the Ministry of the Environment (MOE) 
Reasonable Use Policy.  It is also possible that there would be contamination of the creek to the 
west of the proposed landfill location, with rapid flow of contaminants to Golden Lake.  

c)  Landfill Leachate Generation Rates

Landfill leachate is formed when precipitation (rain or melted snow) comes into contact with a 
landfill’s wastes, thus the total amount of leachate which may be generated in a given year is 
determined by the amount of precipitation in that year and by the size of the waste footprint.  

For example, the proposed Township landfill is to have a waste footprint of 2.5 hectares (which 
equals 25,000 square meters).  As discussed earlier, average annual precipitation in the Golden Lake 
area is about 900 mm/year,  and a reasonable estimate is that about 400 mm (or 0.4 meters) will be 
seeping into the wastes to form leachate.  

Thus the total leachate generated by the proposed landfill can be calculated as follows:

      leachate generation rate  =    0.4 m  x 25,000 square meters   
  =   10,000 cubic meters per year

=  10 million liters of leachate per year.

It should be noted that the information materials made available to the public by the Township have 
suggested that the rate of leachate generation will be only about 2.2 million liters per year -  over 
75% less than what I am estimating.  The basis for this estimate is an unrealistically low infiltration 
rate of 87.5 mm, but this is figure is not consistent with the experience at other Ontario landfills.

The proposed landfill will have no leachate collection facilities, thus the 10 million liters per year of 
leachate being generated will cause contamination of the groundwater flow systems beneath and 
downgradient of the site.  The possible pathways for leachate leakage are discussed in more detail in 
the next section of this review.

d)  Leakage of the Landfill Leachate

Leachate will be leaking into the groundwater flow system from the proposed Township landfill 
from the time it opens (if it goes ahead).  Since the landfill is on a high point of land from which 
groundwater potentially flows in several directions, once the leachate has leaked into the 
groundwater system it may start moving in several directions carried by the groundwater which is 
flowing beneath the site.  

Broadly speaking, the leachate leaking from the landfill area could move in two directions:
->  laterally westward through the silty sand;
->  vertically downward through the gravel and sand, and then laterally outward to the 

east and/or northeast in the interface aquifer and the bedrock.

Westward Leachate Movement in the Silty Sand
Just 100 meters or so to the west of the proposed landfill, there is a creek which flows by 
from south to north and ultimately discharges into Golden Lake.  So certainly at that 
location the water table is at the ground surface. This may be a “perched” water table in the 
silty sand.  It is quite possible that at least some leachate from an attenuation landfill at the 
proposed location would either run overland or flow to the west through the silty sand and 
discharge to this creek, from where it would flow quickly to Golden Lake.  
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Northeastward Leachate Movement in the Interface Aquifer
Leachate will also be leaking downward from the landfill into the interface aquifer at the 
base of the sand and gravel aquifer at the bedrock surface. From here leachate will be 
moving to the east and/or northeast toward Golden Lake.  Flow rates in the interface and 
bedrock aquifers are likely to be quite rapid (in the 100s of meters per year).

Factors that may cause a deflection of leachate flow directions include surface springs and 
large volumes of human groundwater use (eg. for intensively used domestic wells, farm 
wells, and resorts on Golden Lake).

I do not believe that the proposed landfill property is sufficiently large that the leachate 
plume would be contained, and I anticipate exceedence of the Ministry of the Environment 
(MOE) Reasonable Use Policy and unacceptable off-site groundwater quality impacts.

It must be remembered that leachate leakage from the proposed landfill is not unexpected -  it is 
inherent in the design of the landfill.  So the question is not whether there will be contamination of 
groundwater, but whether the contaminated groundwater will mostly remain confined to the 
proposed landfill property - and what will happen if it doesn’t.  In considering this question the 
case history of the nearby closed landfill offers some useful information.

7)  Case History of the Nearby Closed Landfill

The Township’s nearby closed landfill provides a case history which is instructive from a number 
of perspectives:

• the closed landfill provides some real world evidence of how leachate will move through the 
local groundwater flow system;

• the Township’s handling of the contamination issues pertaining to the closed landfill 
provides some insight into its possible handling of similar issues pertaining to the proposed 
landfill.

These issues are discussed in turn below.

Leachate Movement from Closed Landfill
The nearby closed landfill was in operation since the 1970’s, and closed in 2003.  
Landfilling was carried out using trenches in the early years, and a modified area method in 
the years before closure.  Waste burning was carried out on an occasional basis. 

Based on the available information, I would estimate that about 20,000 cubic meters of waste 
and ash were disposed of at the landfill over the time it was in operation.  Monitoring wells 
have been installed at 3 locations, with a well nest (with one overburden and one bedrock 
well) at the downgradient BH1/BR1 location.

A plume of leachate contamination is present in both the downgradient overburden (BH1) 
and bedrock (BR1) wells, though the contaminant levels are considerably higher in the 
overburden well.  Leachate contaminants which are present include conductivity, TDS, 
chloride, alkalinity, hardness, nitrate, and boron.  The landfill is not in compliance with the 
MOE Reasonable Use Policy, and off-site contamination of private property is occurring.

Groundwater movement is to the northeast, and this is confirmed by the fact that there is no 
leachate present in the other observation wells to the northwest and southeast of the waste 
footprint.
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The Township’s Handling of Current Contamination Issues
The Township’s track record in the handling of contamination issues associated with its 
nearby closed landfill has not been proactive or precautionary.  I say this for the following 
reasons:

i) There has been no effort made to fully characterize the leachate from the closed landfill. In 
particular, there has been no testing to see if potentially hazardous volatile organic chemicals 
(VOCs) are present in the landfill leachate.

ii) The leachate plume from the closed landfill clearly goes off-site, however there is no way 
of knowing how far it extends and the Township has made no effort to find out.  Given the 
direction of groundwater flow, it is a certainty that the contaminant plume from the closed 
landfill extends under Ruby Road and onto one or more private properties to the northeast.

iii) Given the fact that the closed landfill has a plume of unknown extent extending off-site 
to the northeast, the Township has a responsibility to ensure that no domestic water supplies 
are affected by the leachate plume.  There is no evidence that the Township has acted to 
fulfill that responsibility.

iv) The 2009 Monitoring Report on the closed landfill states the following about the off-site 
plume:

“Based on the 2009 Monitoring Program, Cambium provides the following 
conclusions regarding the Ruby Road waste disposal site.

• Concentrations of the general water quality indicators TDS, hardness, 
nitrate, and alkalinity, at the downgradient monitor BH1 reported greater 
than the reasonable use criteria determined for the Ruby Road site. The 
RUC for nitrate is preliminary, and is based on only 2 years of data. Given 
the proximity of BH1 to the property boundary, the Site is considered non-
compliant with the Reasonable Use policy in 2009 (MOE Guideline B-7). As 
there are no downgradient groundwater users in the direction of 
groundwater flow and the water quality is expected to improve with time, it 
is recommended that no direct action is required.

• As there are no downgradient groundwater users in the direction of 
groundwater flow and the water quality is expected to improve with time, no 
direct mitigative actions are considered necessary.”

There is a similar statement in the 2008 Annual Report.

v) The problem with the above statements is that they appear to be incorrect.  There are two 
domestic wells (one of which is shown on Figure 4 of the September 20, 2010 Modelling 
report) about 570 meters to the northeast of the closed landfill.  A precautionary and 
conscientious approach to managing the off-site leachate plume would have resulted in these 
wells being tested for potential leachate impacts years ago.

vi) On December 2, 2010 I received the following response to my specific question about 
this matter from the Township’s consultants:

“No domestic well sampling has been conducted to our knowledge. The closest 
residential wells are greater than 500 meters from the existing Ruby Road waste 
disposal site.” 

 vii) Landfill leachate plumes are known to have travelled distances of much further than 500 
meters through various groundwater flow systems around the province. There is an urgent 
need to immediately sample these downgradient wells for leachate contaminants.
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8) Viability of an Attenuation Landfill at the Proposed Location

In 1993 I co-authored a report on attenuation landfills (Ruland, Schellenberg, and Farquahar, 1993) 
which was commissioned by the Ministry of the Environment.  That report included suggested 
guidelines for Attenuation Landfill Sites, and those guidelines have been reproduced in 
Appendix D of this review.  Comparison of the criteria in the guidelines to the Township’s 
attenuation landfill proposal reveals serious deficiencies, including the following:

Monitoring Network is Inadequate
The understanding of the hydrogeology of the proposed landfill property and surrounding 
area is not as good as it needs to be - there are not enough on-site wells and there are no off-
site monitoring wells.  At proposed attenuation landfill sites a detailed and proven 
monitoring network must be in place - that is not the case for this proposed landfill.

Inadequate Understanding of Local Hydrogeology
The understanding of the hydrogeology of the surrounding area is not as good as it needs to 
be - there is virtually no information available on the off-site hydrogeology.  Two issues in 
particular are poorly understood:

• The fact that the water table is at the ground surface just to the west of the proposed 
landfill footprint is inconsistent with the conceptual model for the site and has not 
been satisfactorily explained.

• Groundwater and contaminant flow paths in the interface and bedrock aquifers 
downgradient of the proposed landfill (to the east and northeast) are unknown.

The Hydrogeological Setting is Problematic
The presence of the gravel and sand layer beneath the silty sand poses major problems, as 
leachate will flow straight downward through the gravel and sand to the high hydraulic 
conductivity interface and bedrock aquifers - where attenuation will be minimized and flow 
paths are irregular and unpredictable.

East/northeastward movement of the contaminant plume in the interface and bedrock 
aquifers will be rapid (my estimated flow rate is 100s of meters per year) and unpredictable.

The aquifers proposed to be used for leachate attenuation currently have excellent water 
quality and are a viable groundwater resource (ideal sites for attenuation landfills are ones 
where the groundwater quality is naturally poor).

The Township Does Not Control the Downgradient Groundwater Flow Path
There is private property within less than 200 meters downgradient of the proposed 
attenuation landfill, and it is my expectation that groundwater contamination will cross the 
downgradient property boundaries at levels exceeding regulatory limits.  If contamination of 
adjacent properties occurs there may be massive remedial costs imposed on the Township, 
and it is possible that the landfill will be closed by the Ministry of the Environment.

 
Water Balance Needed for the Proposed Landfill

The unrealistically low estimate provided by for leachate generation rates suggests that a 
detailed water balance calculation has not yet been carried out.  This is required for any 
proposed attenuation landfill.
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9)  Discussion

The Township is proposing to construct an attenuation landfill on Ruby Road, upgradient and 
upstream of Golden Lake.  I have no particular knowledge of these matters, but my understanding is 
that the primary motivation for the proposal is that the proposed attenuation landfill is perceived by 
the Township to be the least expensive of the available waste management options.  

The full costs of an attenuation landfill at the proposed location are currently unknown, but certainly 
significant further costs will be incurred to determine whether the proposed location is even feasible.  
Moreover mitigation measures such as purge wells, leachate collection/treatment, downgradient 
property acquisition, and clay landfill cover need to be explicitly identified and budgeted. 

Overall I am concerned that this site is not nearly as suitable for an attenuation landfill as has been 
suggested in information made available to the public, and that it may in fact be unsuitable.  The 
hydrogeological investigation which has been carried out to date is incomplete and inadequate, and 
does not provide the information needed about the local hydrogeology to determine whether the 
proposed location is suitable for an attenuation landfill.

The groundwater model appears to be based on an incomplete and/or incorrect understanding of the 
local hydrogeology and water balance, and I am concerned that its predictions are not reasonable 
because of a variety of inappropriate input parameters which were the basis for the modelling.  In 
particular it is my interpretation that the following major issues are skewing the modelling results:

• the hydraulic conductivities used for the silty sand layer and for the underlying gravel and 
sand layer are unrealistically low;

• the recharge rates being used for the local groundwater flow system are too low;
• the rates of leachate generation being used for the proposed landfill are too low;
• the model incorrectly assumes that there is no silty sand overburden layer in the area of the 

footprint of the proposed landfill;
• the model does not account for the creek and wetland immediately west of the proposed site.

As a result the model appears to miss the (possibly perched) water table at the ground surface just 
west of the landfill, and the potential for a westward flow and discharge of leachate to the creek just 
west of the landfill footprint.

It is not possible at this point to quantify the extent of the potential impacts on off-site groundwater 
(which would be to interface and bedrock aquifer quality east/northeast of the proposed site) and on 
off-site surface water.  This is because the impact assessment which has been carried out does not 
even identify the potential for surface water impacts west of the proposed landfill, and because the 
amounts of leachate which the landfill would generate have been underestimated by over 80%.

But the landfill will be generating about 10 million liters of leachate a year, and the only places that 
these 10 million liters of leachate can be going under the attenuation design philosophy which is the 
basis for the landfill proposal is into the surface water flow system or the groundwater flow system

• The risk of unacceptable impacts to Golden Lake is much higher if there is a significant 
amount of leachate moving west in the silty sand and getting into the creek west of the 
proposed landfill footprint (the creek provides a very effective pathway for contaminants to 
quickly reach Golden Lake - travel time would likely be under a day).

• On the other hand, if most or all of the leachate is flowing downward to the interface and 
bedrock aquifers then it will be carried rapidly off-site to the east/northeast.  This scenario 
raises the risk of unacceptable impacts to groundwater quality on adjacent private properties 
and to domestic wells downgradient of the proposed landfill.

It is my professional opinion based on the available information, that without major mitigation an 
attenuation landfill will not be viable at this location because it will cause unacceptable off-site 
impacts on groundwater and/or surface water quality.  
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The currently available information about the landfill proposal has provided little disclosure about 
possible mitigation measures.  The only explicit reference to possible mitigation measures I could 
find in public information made available by the Township is on page 31 of the September 20, 2010 
Modelling report.  The report simply lists the following possible mitigation measures:

- acquisition of additional land;
- applying a low-permeability clay cover to parts of the site which have reached final contours;
- installing a collection system consisting of purge wells and/or leachate collection pipes.

There is no information or discussion about the potential costs of these mitigation measures, and 
their likelihood of success.  Acquisition of additional land is likely to be costly and controversial, 
and if property owners downgradient of the proposed landfill do not wish to sell then the Township 
may resort to making use of its expropriation powers.  Applying a low-permeability cover will not 
be possible until near the end of the landfill’s life, and will be costly.  Leachate collection measures 
will  also be costly, and unless they are built into the design from the outset their likelihood of being 
successful in preventing/mitigating off-site impacts is not very high.

I expect that if mitigation measures as described above are required then the costs of this proposal 
will escalate to the point where it is more expensive than the alternatives.  Thus it is critically 
important for the Township to gain a better understanding now of whether such measures will be 
needed.  As discussed earlier, it is my opinion is that major mitigation measures will be needed.

Further research and field investigations are urgently needed and should be carried out before any 
decision is made on whether or not to proceed with the proposed landfill site.  Further research and  
field investigations which are urgently needed include the following:

• A water balance should be prepared for the proposed landfill, with the explicit goal of 
developing the best possible estimate of leachate generation rates for the landfill.  Likewise, a 
water balance for the study area should be developed with the goal of determining a 
reasonable estimate of infiltration rates across the study area.

• Additional monitoring wells should be installed off of the proposed landfill property to the 
west (at least two nests of wells completed in the silty sand and the gravel and sand layers), to 
the north, to the northeast, and to the east.

• Additional monitoring wells should be installed on the proposed landfill property in the 
northwest of the property, in the center of the proposed landfill footprint, on the east property 
boundary, and in the south half of the proposed landfill property.

• All new wells should be surveyed in, and be incorporated into a quarterly water level 
monitoring program which is synchronized with that of the wells from the nearby closed 
landfill -  the existing wells on the proposed landfill property (MW4-08, MW5-08, MW6-08, 
and MW7-09) should also be incorporated into this monitoring program.

• A leachate well should be installed in the existing landfill, and tested for major ions, metals, 
and volatile organic chemicals (VOCs).

• Downgradient wells should be installed to the northeast and east of the nearby closed landfill, 
using the leachate contamination plume from the landfill as a tracer to try to confirm the 
model predictions of flow rates, flow directions, and contaminant transport.

• Downgradient domestic wells to the northeast of the nearby closed landfill site should be 
tested for the possible presence of leachate indicator parameters and volatile organic 
chemicals (VOCs), both for use in assessing groundwater flow directions and as a matter of 
protection of public health and safety.
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10) Conclusions

1) It is my professional opinion based on my review of the Township’s documents and information 
materials listed in Appendix A of this review, that these do not provide a complete or adequate 
description, study or assessment of the potential impacts of the proposed Township of Bonnechere 
Valley landfill on downgradient groundwater and downstream surface waters as is required for 
Steps 4 and 6 of the Environmental Screening Process under Ontario Regulation 101/07.

My concerns about the hydrogeological investigation and impact assessment conducted by the 
Township are outlined in Sections 4, 6, 8, and 9 of this review.

2) It is my professional opinion based on my review of the Township’s documents and information 
materials listed in Appendix A of this review, that these do not provide complete or adequate 
impact management (mitigation) measures for the potential impacts of the proposed landfill on 
downgradient groundwater and downstream surface waters as is required for Step 7 of the 
Environmental Screening Process under Ontario Regulation 101/07.

There has been little disclosure by the Township about possible mitigation measures.  The only 
explicit reference to possible mitigation measures I was able to find simply lists the following:

- acquisition of additional land;
- applying a low-permeability clay cover to parts of the site which have reached final contours;
- installing a collection system consisting of purge wells and/or leachate collection pipes.

There is no information about the advantages and disadvantages of these mitigation measures, their 
potential costs, and their likelihood of success.  There is also no indication of whether there is any 
commitment by the Township to pursue any mitigation measures if they prove to be needed.  When 
mitigation was needed at the nearby closed landfill, the Township simply closed the landfill.

3)  It is my professional opinion based on my review of the Township documents and information 
materials listed in Appendix A of this review, that the proposed landfill could have significant 
negative impacts (ie. net effects) on downgradient groundwater and/or downstream surface waters 
outside of the identified property boundaries.  My professional concerns about the proposal have 
not been resolved by the documentation/information provided to date by the Township.  

I estimate that the proposed landfill will be generating about 10 million liters of leachate a year, and 
under the attenuation design philosophy which is the basis for the landfill proposal this leachate will 
be leaking into the surface water flow system and/or the groundwater flow system.

• The risk of unacceptable impacts to Golden Lake is much higher if there is a significant 
amount of leachate moving west to the creek west of the proposed landfill footprint.

• On the other hand, if most or all of the leachate gets into the groundwater flow system then 
unacceptable impacts to groundwater quality on adjacent private properties and to domestic 
wells downgradient of the proposed landfill become much more likely.

4)  Under Step 9 of the Environmental Screening Process under Ontario Regulation 101/07 
significant net effects and/or unresolved concerns should trigger additional studies and assessment 
of net effects and impact management measures.  

5) I have detailed recommendations about further research and field investigations which should be 
completed in order to provide a better understanding of the proposed landfill and its potential 
impacts on off-site groundwater and surface water features, and these recommendations are 
summarized in Section 11 of this review.
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11) Recommendations

1) This matter should not be moved forward in the Environmental Screening Process under Ontario 
Regulation 101/07 because Steps 4, 6, and 7 of the Screening Process have not been adequately 
completed - as discussed in the Conclusions in Section 10 of this review.

2) I have significant unresolved concerns about this proposal. It is my professional opinion based 
on the currently available information that the proposed landfill will have unacceptable net effects in 
the form of unacceptable off-site impacts on groundwater and/or surface water quality (including 
possible contamination of Golden Lake via the creek to the west of the proposed landfill location).  

3) Step 9 of the Environmental Screening Process under Ontario Regulation 101/07 indicates that 
significant net effects and/or unresolved concerns should trigger additional studies and assessment 
of net effects and impact management measures.  The following further research and field 
investigations should be carried out before any decision is made on whether or not to proceed with 
the proposed landfill site:

• A water balance should be prepared for the proposed landfill, with the explicit goal of 
developing the best possible estimate of leachate generation rates for the landfill.  Likewise, a 
water balance for the study area should be developed with the goal of determining a 
reasonable estimate of infiltration rates across the study area.

• Additional monitoring wells should be installed off of the proposed landfill property to the 
west (at least two nests of wells completed in the silty sand and the gravel and sand layers), to 
the north, to the northeast, and to the east.

• Additional monitoring wells should be installed on the proposed landfill property in the 
northwest of the property, in the center of the proposed landfill footprint, on the east property 
boundary, and in the south half of the proposed landfill property.

• All new wells should be surveyed in, and be incorporated into a quarterly water level 
monitoring program which is synchronized with that of the wells from the nearby closed 
landfill -  the existing wells on the proposed landfill property (MW4-08, MW5-08, MW6-08, 
and MW7-09) should also be incorporated into this monitoring program.

• A leachate well should be installed in the existing landfill, and tested for major ions, metals, 
and volatile organic chemicals (VOCs).

• Downgradient wells should be installed to the northeast and east of the nearby closed landfill, 
using the leachate contamination plume from the landfill as a tracer to try to confirm the 
model predictions of flow rates, flow directions, and contaminant transport.

• Downgradient domestic wells to the northeast of the nearby closed landfill site should be 
tested for the possible presence of leachate indicator parameters and volatile organic 
chemicals (VOCs), both for use in assessing groundwater flow directions and as a matter of 
protection of public health and safety.

4) Once this information has been obtained, the site impact assessment and modelling should be 
redone in order to obtain a more comprehensive and accurate assessment of potential impacts of the 
proposed landfill.  If the revised site impact assessment indicates that there will be unacceptable off-
site impacts (and I expect that they will), then detailed information will be required about the 
necessary mitigation measures including an explicit discussion about advantages and disadvantages, 
costs, and their likelihood of success.
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Appendix B

November 6, 2010 Information Request

Sent to the Township of Bonnechere Valley

My November 6, 2010 letter to the Township (which contains a series of questions 
about the proposed landfill) is reproduced in this Appendix.

The Township’s letter of response to my questions (dated December 2, 2010) can be 
requested from the Township. 
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Mr. Bryan Martin
Township of Bonnechere Valley
49 Bonnechere St. West
P.O. Box 100
Eganville, Ontario
K0J 1T0

November 6, 2010

Dear Mr. Martin, 

I have not been able to find the following information pertaining to site hydrogeology in the 
documents which you have provided to my clients for my review, and thus would like to ask that you 
convey the following information request to the Township's consultants. 

Please provide the following information at your earliest convenience: 

A) Questions About Existing Landfill, Including Monitoring and Impacts

1) Please confirm your agreement that the existing landfill represents a “case history” which can 
provide valuable insights into the hydrogeology of the area, including insights into how the 
contaminant plume from the proposed landfill might move through the groundwater flow system.   

2) Was the waste in the existing (closed) landfill disposed of in excavated trenches?  If so, then how 
deep were those trenches?  How much waste is in the closed landfill?

3) Why is there no leachate well in the existing landfill to test the actual raw leachate composition and 
to check for leachate mounding? 

4) Why has the impacted downgradient well (BH-1) at the existing (closed) landfill not been tested for 
VOCs (volatile organic chemicals)? 

5) Given that the contaminant plume from the existing landfill has been shown to be leaking from the 
property and the location of the plume front is not known, has there been any precautionary testing 
of downgradient domestic wells to the east and northeast of the existing landfill site for leachate 
contaminants? 

6) Why are groundwater samples being filtered before analysis?  Won’t this reduce the levels of 
various contaminants which may be present in the samples?

7) Why is the existence and the data from the 4 new monitoring wells not disclosed in the landfill’s 
Annual Reports? The new wells could be useful in providing bigger-picture groundwater contour 
maps, as well as reliable background monitoring locations. 

page 18



B) Questions About Design and Operations of Proposed Landfill

1) Will the waste in the proposed landfill be disposed of in excavated trenches?  If so, then how deep 
will those trenches be? 

2) What final cover material is proposed for the new landfill?  What will the hydraulic conductivity of 
the final cover be?

3) Are any measures being planned to contain or collect leachate from the proposed landfill? 

4) The land surface in the area of the proposed landfill slopes to the west.  Please confirm where 
surface water runoff from the proposed landfill will be diverted to? 

5) How much leachate is estimated to be generated by the proposed landfill on a yearly basis? 

6) It appears that the proposed landfill will have a high, steep slope on its western side.  Given that the 
underlying soils are likely to be less permeable than the wastes themselves, this would be a likely 
location for leachate springs to develop - how often will there be inspections for leachate springs, and 
if found how will such leachate springs be handled?

C) Questions About Hydrogeology of Proposed Landfill and Surrounding Area

1) My understanding is that an attenuation landfill is proposed, with no effort being made to contain 
or collect leakage of leachate into the groundwater flow system - is this correct?

2) At attenuation landfills, ownership of downgradient properties is an important consideration as 
these are at heightened risk of becoming contaminated.  Please provide a map showing property 
ownership within a 2 km radius of the proposed landfill. 

3) Please provide a groundwater contour map showing water levels for all 8 monitoring wells for 
April 10, 2010. 

4) Is there a perched water table in the overburden unit? If so, then could it provide a pathway for 
off-site contaminant movement? 

5) The existing (closed) landfill cell is already in violation of the MOE Reasonable Use Policy. How 
will this liability be dealt with in the context of the proposed expansion? 

6) Why was a hydraulic conductivity not calculated for BH-1? 

7) Is it possible that the creek west of the site (represented by locations 77, 78, and 121 in the Initial 
Natural Environment Impact Study) provides fish habitat anywhere along its length?  
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8) a) Please provide an explanation for the stripping of vegetation from the wetland and 
regrading/rerouting of the creek to the immediate west of the proposed landfill?

b) Please indicate what impacts the vegetation stripping in the wetland and the regrading/rerouting of 
the creek (including the high turbidity observed downstream on the date of the site tour) might have 
on the downgradient aquatic ecosystem in the creek?

c) Please provide an estimate of travel time of contaminants in the creek - from the point closest to the 
proposed landfill to Golden Lake?

D) Questions About Computer Modelling in Support of the Proposed Landfill

1) Please provide an explanation of the implications for the landfill proposal if the 300 mg/L of 
chloride (used as the simulated "worst-case" contaminant concentration) proves not to be conservative 
in terms of future critical leachate contaminants and/or concentrations? 

2) Please explain why an organic contaminant like vinyl chloride was not used to model potential 
groundwater impacts of the proposed landfill?  Are you aware that vinyl chloride has been shown to 
be persistent over many hundreds of meters in leachate plumes in Ontario?

3) Please provide justification for the assumed porosity of 0.15 which is used throughout the model?  
Why not a value of 0.25 to 0.4 in the overburden, and a value of <0.1 in the bedrock (as suggested by 
Freeze and Cherry, 1979)? 

4) The assumed recharge used in the model (8.75 cm/year) seems very low - please provide all lines 
of field evidence which were considered in deciding on this assumed recharge rate?

5) My initial rough estimate of the amount of leachate which would be generated by the proposed 
landfill (which is to have an area of 2.5 hectares) is on the order of 8 to 10 million liters of leachate 
per year -  why is the model only assessing the groundwater impacts of 2.2 million liters per year?

6) How does the model account for the observed groundwater discharges to springs which feed 
wetlands and creeks to the east and west of the proposed landfill?

E) Questions About Monitoring and Contingency Plans for the Proposed Landfill

1) Have recommendations been developed yet for on-site and off-site groundwater and surface water 
monitoring of the proposed landfill (and if so, please provide the proposed locations, frequencies, and 
parameter lists)? 

2) In the event that the computer modelling proves to be inaccurate, what contingency plans are 
proposed to deal with a stronger than anticipated plume that goes off-site to the east or north east and 
onto neighbouring properties? 
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F) Missing Reports on the Proposed Landfill

1) Please provide the Preliminary Hydrogeology Assessment report (which was described as being 
completed on page 18 of the presentation materials for the second 2008 Public Consultation Event). 

The report is said to include: 
• the findings from 3 additional monitoring wells installed to better understand groundwater 

dynamics at the subject property; 
• completed preliminary mass balance calculations using worst-case scenario concentrations of 

typical leachate indicators; 
• concentrations of typical leachate indicator parameters. 

 

2) Please provide the Detailed Hydrogeological Study which was said on page 26 of the presentation 
materials for the 2nd 2008 Public Consultation Event to be "in progress". 
 

3) Please provide the Environmental Screening Report, which is cited on page 5 of the 
Sept. 20, 2010 Modelling Report, and is said to have been "completed by Cambium".  

The report apparently discusses "the proposed volume and operational life" of the proposed landfill 
"in detail, suggesting a 25 year site life". 

_______

Mr. Martin, I am not trying to be difficult.  But the documentation provided to my clients to date is 
simply not adequate to support an attenuation landfill of up to 100,000 m3 of waste at the proposed 
location.

With this information request I am hoping to obtain the additional information which I need to 
properly assess the landfill proposal for my clients.  

Thank you in advance for your assistance with this matter, 

Yours sincerely, 

Wilf Ruland (P. Geo.)

766 Sulphur Springs Road
Dundas,  Ontario
L9H 5E3
tel:  (905) 648-1296
deerspring1@gmail.com

P.S. It is not clear to me whether your consultants are working from any sort of guidelines for 
attenuation landfills in designing and assessing impacts of the proposed landfill.  I have in my 
possession a set of suggested guidelines for attenuation landfills which were developed for the 
Ministry of the Environment by myself and 2 co-authors.  These may prove helpful in the further 
work on this proposal.  Please let me know if you would like me to send you a copy.

page 21



Appendix C-  My Interpretation of Site Hydrogeology

The key to an accurate assessment of the potential impacts of a proposed attenuation landfill on its 
surroundings is the investigation and description of the site hydrogeology.  The indications are that 
an inadequate hydrogeological site investigation has been carried out to date, as described and 
discussed in Section 4 of this review.  

In this part of my review, I will provide my interpretation of the site’s hydrogeology based on my 
independent review of the available data.  Overall, I have found that the current understanding of the 
site hydrogeology as presented to the public by the Township appears to not be very good.  

Some information on site hydrogeology can however be gleaned from sifting through information 
found in a number of sources, including:

• information materials from the Township’s 3 public consultation events about the proposed 
landfill;

• a September 2010 modelling report done in support of the proposed landfill;
• an April 2002 evaluation of the nearby small landfill which was operated by the Township 

until it was closed in 2003;
• the annual reports for the closed landfill;
• observations from my tour of the site and surrounding area.

Overall the impression conveyed by review of this information material is that at present there is not 
a good understanding of the hydrogeology of the proposed attenuation landfill location.  The site 
hydrogeology is very complex, and this complexity has not been adequately discussed in the 
documents issued in support of the proposed attenuation landfill to date.

a) Hydrostratigraphy of Proposed Landfill Area

There are 3 major hydrostratigraphic layers which will influence the directions of leachate 
movement from the proposed landfill:

i. the surficial silty sand layer;
ii. the underlying sand/gravel;

iii. the fractured granite bedrock.

i) The Surficial Silty Sand Layer
There is a surface layer of silty sand of highly variable thickness present across the site.  
The sandy silt extends from the ground surface down to depths of between about 2 meters 
and 11 meters below the ground surface.  

The site borehole logs show the following approximate thicknesses for the silty sand layer:

Location Thickness of Silty Sand

BH1/BR1   6.5 meters
BH2 11.3 meters
BH3   9.0 meters
MW4-08   6.1 meters
MW5-08   2.3 meters
MW6-08   6.1 meters
MW7-09   9.1 + 8.6 meters
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The silty sand layer is thickest on the northeast side of the ridge in the area of BH2, BH3, 
and especially MW7-09.  At MW7-09 there are two thick layers of silty sand, separated by 
a 1.6 meter gravel/sand layer which is sandwiched between them.  The silty sand layer is 
much thinner (just a couple of meters thick) on the east slope of the ridge in the area of 
MW5-08.

The hydraulic conductivity of the silty sand is clearly much lower than that of the underlying 
sand and gravel deposits.  It is possible that a perched water table may develop in the silty 
sand layer - certainly the water table is at the ground surface in the silty sand within 100 m 
to the west of the proposed landfill in the stream which runs west of site.  

In areas where there is a perched water table, lateral groundwater movement within the silty 
sand will likely tend to follow the topography in a westerly direction from the proposed 
landfill location toward the stream to the west of the proposed landfill.

ii) The Underlying Gravel/Sand Deposit
There is an underlying deposit of gravel and sand beneath the surficial layer of silty sand 
which is extremely variable in thickness - ranging from less than 2 meters to over 20 meters 
thick.  

The borehole logs show the following approximate thicknesses for the gravel/sand deposit:

Location Thickness of Gravel/Sand

BH1/BR1 19.0 meters
BH2 16.7 meters
BH3 17.5 meters
MW4-08   5.4 meters
MW5-08 23.3 meters
MW6-08   1.5 meters
MW7-09   1.6 meters

The gravel/sand deposit is thickest on the east side of the ridge in the area of BH1/BR1, 
BH2, BH3 and MW5-08.  The gravel/sand deposit is much thinner on the west side of the 
ridge in the area of MW4-08, MW6-08 and MW7-09.  At MW7-09 there is only a 1.6 m 
thick gravel/sand layer sandwiched between thick layers of silty sand.  

Groundwater flow directions in the gravel/sand deposit will be downward to the interface 
aquifer at the base of the gravel/sand deposit, and then laterally outwards following the 
direction of hydraulic gradients to the east and/or northeast toward Golden Lake.

iii) Overburden Thickness
Overburden thicknesses do not appear to have been determined.   This is a significant 
omission, given that the key to a successful attenuation landfill is a comprehensive 
understanding of the overburden beneath the site.

Overburden thicknesses are highly variable, and tend to increase from west to east, with a 
total overburden thickness at MW6-08 on the west side of the proposed landfill property of 
only 8.6 meters vs. a thickness of 27 meters or more on the northeast side of the ridge in the 
vicinity of the nearby closed landfill. 
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iv) Bedrock Surface Elevations
Bedrock surface elevations do not appear to have been determined.  

However consideration of topographic contours and the borehole logs allows estimation of 
the approximate elevations of the top of the bedrock, which are shown below in elevations of 
meters above sea level (masl):

Location     Bedrock Surface

BH1/BR1 187 masl
BH2 188 masl
BH3 189 masl
MW4-08 197 masl
MW5-08 189 masl
MW6-08 212 masl
MW7-09 198 masl

These bedrock surface elevations suggest that the topographic ridge on which the proposed 
landfill is to be situated has a bedrock ridge at its core, and that just as the ground surface 
elevations along the ridge rise to the south so too do the bedrock elevations rise to the south 
- with a marked bedrock high for the monitoring well borehole logs being shown at 
MW6-08.

Drilling records from the site indicate that the granite bedrock is fractured, becoming more 
competent with depth.  Water movement within the bedrock will be through the fractures, 
with much bedrock groundwater flow occurring within the upper few meters of the bedrock.

Groundwater flow directions in the granite bedrock will generally follow the direction of 
hydraulic gradients to the east and/or northeast toward Golden Lake.

v) Summary of Hydrostratigraphy
The limited number of monitoring wells which have been drilled in the 32 hectare area of the 
proposed landfill have nonetheless revealed that the site’s overburden geology is quite complex and 
highly variable.

In the small 32 hectare area from which borehole information is available, we see the following:
• the thickness of the surficial silty sand layer varies from 2.3 to 11.3 meters;
• the thickness of the underlying gravel/sand deposit is even more variable - ranging in 

thickness from 1.5 to 23.3 meters;
• overall the overburden thickness varies from less than 9 to over 27 meters thickness;
• the bedrock surface elevation varies by over 25 meters in the small area from which borehole 

information is available.

Given this variability in thicknesses and depths of hydrostratigraphic units, predicting and 
monitoring the movement of groundwater at this proposed landfill site would be very challenging. 

Significant further investigations involving drilling new boreholes and installing monitoring wells 
will be required off of the proposed landfill property to the west, north, northeast and east in order 
to provide information about regional trends in hydrostratigraphy and groundwater flow directions.  

Further on-site investigations are also required including new boreholes outfitted with new 
monitoring wells which are needed in the northwest of the property, in the center of the proposed 
landfill footprint, on the east property line, and in the south half of the proposed landfill property.
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b) Hydraulic Conductivities of Hydrostratigraphic Units

The rate at which groundwater (and contaminants) can move through the subsurface in the area of 
the proposed landfill is mainly dependent upon the hydraulic conductivities of the 
hydrostratigraphic units.  Thus characterizing this parameter is a critically important part of the site 
investigation and description.

The hydraulic conductivities (often abbreviated as K) of the hydrostratigraphic units have been 
characterized as shown in Table C-1 below:

_______________________________________________________________________ 

Table C-1 -  Hydraulic Conductivities in proposed Landfill Area

Hydrostratigraphic Unit   Township K Estimate         My K Estimate
(from computer model)

   surficial silty sand           3.1 x 10-7 m/s 1 x 10-5 m/s

   gravel and sand           8.8 x 10-6 m/s 1 x 10-4 m/s

   upper bedrock 6 x 10-5  to 2 x 10-6 m/s     no issue

   deeper bedrock 5 x 10-7 m/s     no issue 

_____________________________________________________________________________

I believe that the computer modelling done for the site has not used overburden hydraulic 
conductivities which accurately reflect the actual hydraulic conductivities of the overburden units in 
the field.  Hydraulic conductivities appear to have been underestimated by a factor of over 30 times 
in the silty sand unit and by a factor of over 10 times in the gravel and sand.

The reason for my opinion can be found in a table in a standard reference text on Hydrogeology 
(Freeze and Cherry, 1979).  Table 2.2 of that text shows ranges of hydraulic conductivity values for 
various geologic materials as follows:  

Silty Sand
The range of hydraulic conductivity values indicated for silty sand in Table 2.2 is from 
around 10-7  m/s to 10-3 m/s -  based on my inspection of this sand in the field, I anticipate 
that the midpoint of this range (10-5  m/s) is a reasonable estimate of that unit’s hydraulic 
conductivity.

It should be noted that in the Township’s Open House handout materials a hydraulic 
conductivity value of 10-4  m/s to 10-6 m/s was used to describe the surficial layer (the silty 
sand).  This range supports my estimate of 10 -5 m/s, but is inconsistent with the much 
lower hydraulic conductivity of 3.1 x 10-7 m/s used in the computer model.
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Gravel and Sand
The range of hydraulic conductivity values indicated for gravel and sand in Table 2.2 is from 
around 10-5  m/s to about 1 m/s -  based on my inspection of this gravel and sand unit in 
the field, I anticipate that a hydraulic conductivity just below the middle of this range 
(ie. 10-3 m/s to 10-5 m/s, with an average of about 10-4 m/s) is a reasonable estimate of that 
unit’s hydraulic conductivity.

The hydraulic conductivity of the gravel/sand has been estimated to be about 9 x 10-6 m/s, 
which seems to be much too low.  Using this hydraulic conductivity estimate for the 
gravel/sand deposit will tend to underestimate the potential for groundwater (and 
contaminant) movement in the area of the proposed landfill.

The underestimation of hydraulic conductivities of the overburden units has significant 
implications for the computer modelling and the impact assessment which was done for the 
proposed attenuation landfill, as discussed in Section 9 of this review.

It should be noted that the above discussion about hydraulic conductivity pertains to the immediate 
landfill area only, where information is available from the wells installed by the Township.  
Hydraulic conductivity is a highly variable parameter, and can change by orders of magnitude even 
within the same geologic formations.  It is quite possible that hydraulic conductivities are quite 
different outside of the immediate 32 hectare proposed landfill property - the only way to determine 
whether this is the case is to install and test more wells.

It is critical that additional monitoring wells be installed off-site to the east and northeast, in the 
anticipated direction of deeper groundwater flow.   Other wells are also needed - this issue is 
discussed in more detail in Section g) below

c) Porosity

The porosity of the overburden was estimated to be 15% throughout the overburden and the 
bedrock.  This is the figure provided on page 26 of the September 20, 2010 report on the computer 
modelling in support of the proposed landfill.

The report’s authors state that their assumed porosity was “determined from the literature”
and cite Freeze and Cherry (1979) as the source.  Review of the discussion of porosity in Freeze 
and Cherry (on pages 36 to 38) does not however support the 15% figure given in the September 
20, 2010 modelling report.

Porosity in the overburden will be considerably higher (about 25%), and will be considerably lower 
in the bedrock (about 5%).

 

d) Groundwater Flow Directions

The proposed landfill location is on a ridge from which groundwater potentially flows in several 
directions, and once the leachate has leaked into the groundwater system it will be carried along by 
the groundwater which is flowing beneath the site.  

Broadly speaking, the groundwater (and leachate) from the landfill area could move in two 
directions (which are discussed in more detail below):

->  laterally westward through the silty sand;
->  vertically downward through the gravel and sand, and then laterally outward to the 

east and northeast in the interface aquifer and the bedrock aquifer.
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Potential Westward Groundwater Movement in the Silty Sand
Just a 100 meters or so to the west of the proposed landfill, there is a creek which flows by 
from south to north and eventually discharges into Golden Lake.  So certainly along the 
path of the creek the water table is at the ground surface. This may be a “perched” water 
table in the silty sand, or it may be that the creek and surrounding wetland mark the actual 
water table elevation in that area.  

It is quite possible that there is a westward component of groundwater flow in the silty sand 
in the area of the proposed landfill, especially in the western part of the proposed landfill 
footprint.

East and Northeast Groundwater Movement in the Interface and Bedrock Aquifers
Rainfall onto the much of the area of the proposed landfill currently seeps into the ground 
and flows downward through the silty sand and into the interface aquifer at the base of the 
sand and gravel aquifer (at the bedrock surface). In the interface aquifer and in the 
underlying bedrock aquifer groundwater will likely be moving to the east (where it may 
discharge from springs at the base of the ridge) and/or the northeast toward Golden Lake.  
Flow rates in the interface and bedrock aquifers are likely to be quite rapid (in the 100s of 
meters per year).

Factors that may cause a deflection of groundwater flow directions downgradient of the 
proposed landfill area include surface springs and large volumes of human groundwater use 
(eg. for intensively used domestic wells, farm wells, and resorts on Golden Lake).

e) Groundwater Flow Rates

The rate of groundwater movement can be estimated using Darcy’s Law as follows:

rate of groundwater movement  =  (hydraulic conductivity  x  hydraulic gradient) / porosity

Solving for this equation using average parameter values for various units and flow directions in the 
vicinity of the proposed landfill yields the following estimated rates of groundwater flow:

• rate of westward flow (through silty sand) -  about 19 meters per year
• rate of east/northeast flow (through interface aquifer) -  about 275 meters per year

f)  Water Balance

A water balance should be prepared for the proposed landfill.  I am providing a rough estimate of 
water balance parameters for the purpose of this review, but a more detailed water balance 
calculation needs to be carried out. 

The water balance of a landfill can be expressed as follows:

precipitation  =    evaporation  +  runoff   +  leachate generation

Precipitation in the area of Golden Lake is about 900 mm/year.  Of this amount on a landfill site 
with no vegetation about 400 mm/year will be lost to evaporation, and about 100 mm/year will 
runoff the site during rainfall events and spring snowmelt.

This leaves about 400 mm/year which will infiltrate into the landfill wastes and generate leachate. 
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g)  Summary

My interpretation of the site hydrogeology is described above.  It differs significantly from the 
interpretation of site hydrogeology provided by the Township in the information materials which 
have been presented to the public.

I disagree with the Township’s information materials about many of the fundamental aspects of the 
site hydrogeology.  There are significant implications arising from this disagreement - namely the 
answer to the question of whether or not the proposed landfill site could be suitable for an 
attenuation landfill.

Overall, I am concerned that this site is not nearly as suitable for an attenuation landfill as has been 
suggested, and may in fact be unsuitable.

The groundwater model appears to be based on an incomplete and/or incorrect understanding of the 
local hydrogeology, and I am concerned that its predictions are not reasonable because of a variety 
of inappropriate input parameters which were the basis for the modelling.

Further research and field investigations are urgently needed and should be carried out before any 
decision is made on whether or not to proceed with the proposed landfill site.  Further research and  
field investigations which are urgently needed include the following:

• A water balance should be prepared for the proposed landfill, with the explicit goal of 
developing the best possible estimate of leachate generation rates for the landfill.  Likewise, a 
water balance for the study area should be developed with the goal of determining a 
reasonable estimate of infiltration rates across the study area.

• Additional monitoring wells should be installed off of the proposed landfill property to the 
west (at least two nests of wells completed in the silty sand and the gravel and sand layers), to 
the north, to the northeast, and to the east.

• Additional monitoring wells should be installed on the proposed landfill property in the 
northwest of the property, in the center of the proposed landfill footprint, on the east property 
boundary, and in the south half of the proposed landfill property.

• All new wells should be surveyed in, and be incorporated into a quarterly water level 
monitoring program which is synchronized with that of the wells from the nearby closed 
landfill -  the existing wells on the proposed landfill property (MW4-08, MW5-08, MW6-08, 
and MW7-09) should also be incorporated into this monitoring program.

• A leachate well should be installed in the existing landfill, and tested for major ions, metals, 
and volatile organic chemicals (VOCs).

• Downgradient wells should be installed to the northeast and east of the nearby closed landfill, 
using the leachate contamination plume from the landfill as a tracer to try to confirm the 
model predictions of flow rates, flow directions, and contaminant transport.

• Downgradient domestic wells to the northeast of the nearby closed landfill site should be 
tested for the possible presence of leachate indicator parameters and volatile organic 
chemicals (VOCs), both for use in assessing groundwater flow directions and as a matter of 
protection of public health and safety.

Once the research and field investigations are carried out, they should be used as the basis for 
further work which is needed in order to obtain a more comprehensive and accurate assessment of 
potential impacts of the proposed landfill.  
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Appendix D

Suggested Guidelines 

for Attenuation Landfill Sites

The Guidelines on the following pages are taken from Appendix C of a report prepared 
for the Ministry of the Environment in 1993, entitled:

“The Fate of Landfill Leachate in Waste Water Treatment Plants and in 
Groundwater at Attenuation Landfills.  Report prepared for the Ontario Ministry 
of Environment and Energy”, 

by Ruland, W.W.,  Schellenberg, S.S.,  and Farquhar, G.  1993.  
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Appendix D:  Suggested Guidelines for Attenuation Landfill Sites

By definition, attenuation landfills are designed to allow the migration of 
leachate from the landfill into the surrounding groundwater environment.  At 
such landfills, the natural attenuating mechanisms of the local groundwater 
flow system are relied upon for leachate treatment (Cherry et al, 1987).

The siting of attenuation landfills is made difficult by two major areas of 
uncertainty pertaining to leachate and the local environment of such sites:

-> the types and concentrations and trends over time of chemicals in the 
landfill leachate are difficult to predict;

-> the types and attenuative mechanisms which will act on the leachate in 
the groundwater flow system at a given site, and the effectiveness of 
those mechanisms, are very difficult to predict.

Nonetheless, there are situations where an attenuation landfill will appear 
to provide the most appropriate or effective method of leachate treatment.
In such cases, there are a number of basic requirements which should be met 
if a particular location is to be used as the site of an attenuation 
landfill:  

1) The hydrogeology must be suitable for leachate attenuation.

i) The preferred type of hydrogeology for an attenuation landfill 
site will be one where the processes of attenuation are maximized.
A deposit of silty sand with some clay and some organic carbon is 
one possible example of a desirable site, but is not necessarily 
the only type of deposit suitable for an attenuation landfill.

ii) High hydraulic conductivity geologic deposits (such as sandy
gravels and highly fractured bedrock) should usually be avoided, 
because these are generally good quality aquifers and because the 
high flow rates in such deposits may decrease the effectiveness of 
some attenuative mechanisms (Barker et al, 1986).

iii) Geologic deposits with very low hydraulic conductivity (such as
clays) where problems with leachate mounding are likely to arise 
should generally be avoided (Bagchi, 1987), unless it can be 
convincingly demonstrated that mounding will not be a problem.

iv) Geologic deposits where groundwater flow paths are irregular and
unpredictable should generally be avoided.  The Joint Board under 
the Consolidated Hearings Act, in its decision on the siting of a 
new landfill in halton Region, emphasized the Board’s wish that 
the hydrogeology in the vicinity of any new landfills be 
comprehensible to the Board (Joint Board, 1989).

v) It is preferable that the local groundwater resource be naturally
of such quality that the attenuation of leachate would be a 
reasonable use for that groundwater.

vi) Since the design will allow for a certain amount of groundwater 
contamination to take place, detailed site specific studies are
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required to “prove” a site’s suitability for the location of an 
attenuation landfill.

2) There must be a clear understanding of the hydrogeology of the site,
based on both a review of all pertinent published materials and a 
detailed field investigation.

i) There should be a general understanding of the regional
hydrogeological setting of the site.  This should include 
knowledge of the following:

- directions and rates of groundwater flow;

- flow divides, recharge and discharge areas;

- background groundwater quality;

- all known wells and groundwater uses in the area.

ii) There should be a detailed understanding of the site hydrogeology.
This should include knowledge of the following:

- the site’s overburden and bedrock geology;

- the hydraulic conductivity of the major geologic units 
underlying the site;

- all potential pathways for leachate to escape from the 
landfill;

- hydraulic heads and gradients across the entire site;

- leachate heads within the landfill, measured in leachate 
monitoring wells;

- background (pre-landfill) groundwater quality on-site;

- background (pre-landfill) surface water quality on-site, in 
particular the water quality of the receiving water body;

- detailed knowledge of that portion of the groundwater flow 
system which is expected to provide leachate attenuation;

- any special characteristics of the groundwater flow system
which will affect the attenuation of leachate (eg. the 
presence or absence of clay and organic carbon).

3) A water balance should be established for the landfill, and rates of 
loading of contaminants to the aquifer should be calculated.

Dilution will be the most important attenuative mechanism in the 
vicinity of a prospective attenuation landfill.  It thus appears 
reasonable that a detailed investigation be carried out, to try to 
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determine both the capacity of the groundwater flow system for 
providing dilution and the expected rate of mass loading of 
various contaminants to the system from the landfill.

4) Migration of leachate from the landfill must take place in accordance 
with the landfill design, in a controlled fashion.

It must be convincingly demonstrated during the design stage, and 
confirmed through subsequent monitoring, that leachate migration 
will follow the anticipated flowpath(s) and that escape of 
leachate from the landfill along undesirable pathways can be 
prevented from occurring.

5) The landfill owner/operator should control the entire groundwater
flowpath, from the landfill downgradient to the area of discharge.

The uncertainty inherent in hydrogeological predictions may cause 
even the best estimates of attenuative capacity to prove 
inaccurate, and may lead to unexpected but unavoidable 
contamination of a property situated downgradient of an 
attenuation landfill.

MOE Reasonable Use Policy guidelines for groundwater must be met 
at all property boundaries of the landfill.  Cherry et al (1987) 
indicate that for attenuation landfills it is unreasonable to 
expect that attenuation will prevent off-site groundwater from 
becoming unpotable.  As a result it appears imprudent to situate 
an attenuation landfill upgradient of a neighbouring property, 
unless a groundwater “easement” has been obtained for that 
property.

Only in rare cases where it has been clearly and convincingly 
established that the attenuative capacity of the groundwater flow 
system by far exceeds the anticipated rates of mass loading to the 
system, should applications to site attenuation landfills 
upgradient of neighbouring properties be entertained.

6) The assimilative capacity of the surface waters which are to receive the
discharge of attenuated leachate must not be exceeded.

MOE Provincial Water Quality Objectives (PWQOs) must be met at the 
landfill’s downstream property boundary.  If it appears likely 
that PWQOs will not be met by groundwater discharging from the 
attenuation zone, then the leachate-contaminated groundwater 
should be collected and treated before being discharged to surface 
waters.

The use of passive treatment systems, such as those provided by 
either pre-existing or specially constructed on-site wetlands, may 
prove helpful in such situations.
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7) The groundwater flow system being used for leachate attenuation should 
have little or no value as a groundwater resource.

The groundwater flow system being used for leachate attenuation 
must not be a regionally, provincially, or nationally significant 
aquifer.  The use of locally significant aquifers for leachate 
attenuation can only be justified if it can be convincingly 
demonstrated the future off-site Reasonable Uses of groundwater 
will not be impaired.

8) A detailed and proven monitoring network must be in place.

The detailed hydrogeological investigation of a proposed 
attenuation landfill site will require the installation and 
sampling of considerable numbers of groundwater monitors.

These monitors, together with any additional monitors which may be 
required to fill gaps in the monitoring network, should be 
incorporated into the monitoring network for the landfill.

A regular and thorough monitoring program is required for all 
attenuation landfills. Any monitors which are part of such a 
program and which are found to not be functioning should be 
replaced immediately.

9) Complete and detailed contingency plans must be in place.

These plans should demonstrate that the landfill owner/operator is 
prepared for any unexpected failures in the predicted functioning 
of the landfill or the groundwater attenuation system.  Such plans 
may involve the installation of purge wells or other types of 
hydraulic barriers, and they may involve the collection and 
subsequent on-site or off-site treatment of leachate.

A contingency plan should, at a minimum, include consideration of 
the following issues:

- alternative plans for a given contingency;

- time required for implementation of the contingency plan;

- any MOE approvals which might be required before the 
contingency plan can be implemented, and the time required 
to obtain such approvals;

- the possible environmental consequences of implementing the 
contingency plan;

- the anticipated costs and the economic feasibility of 
implementing the contingency plan;

- the feasibility and chances of success of the contingency 
plan.
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