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Executive Summary

CMEI has been acting as the watchdog for the Crane Mountain landfill since the original
design and construction started. Recently, in response to the proposal by FRSC to extend
the life of the landfill by adding ninety feet to the height of waste on the pile, CMEI has
contracted with experts to review and analyze the areas of landfill construction and
hydrogeology and have extensively reviewed documentation on the original design and
construction of the landfill.

As aresult of our consultation and reviews, CMEI has identified eight items that are of
serous environmental concern and has provided detailed explanation of the specific issues
and their potential impact. The areas are:

e Landfill Liner

e Construction and Demolition Waste Area

e Testing for PFAS and Microplastics

e Analysis of Bedrock

e Discrepancies in Testing of Monitoring Wells

e Failure to Test Monitoring Wells

e Shortage of Monitoring Wells and Surface Water Stations
e Approvalto Operate

The document identifies the background to the landfill and CME/I’s involvement and
provides an introduction to the remainder of the report. The subsequent sections describe
the specific concerns and issues. As a result of this analysis, CMEI has identified nine
actions which should be started and implemented quickly to protect the local environment
and protect a significant number of residents from potential loss of access to drinking
water with a resultant significant loss of the value of their homes.

The recommendations are described more fully in Section 11. Overall, they consist of the
following actions:

e stop the landfill life extension/height increase projectimmediately or as soon as
feasible. Continue with filling a newly constructed cell for municipal waste
(apparently, cell #9 of 14 has not been started).

e add testing requirements for monitoring wells and leachate to include PFAS, PFOS
and microplastics

e initiate stricter processes for testing monitoring wells, including additional oversight
and initiating actions to analyse and correct anomalies

e ensure all monitoring wells are tested regularly
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perform detailed geological study of the bedrock between the landfill and the
downstream community

install additional monitoring wells downstream of the landfill (this action is
dependent on having the geological study completed

update the Approval to Operate to include these requirements

install a double liner for all future cells

install a liner system under the C&D site; this should also be a double liner system



1. BACKGROUND

Crane Mountain Enhancement Inc. (CMEI) was created by renaming the Fundy Future
Environmental Benefits Council (FFEBC) who were appointed by the Order in Council 96-
849 as one of the conditions imposed by the Minister of Environment for providing approval
for the Fundy Region Solid Waste Commission (FRSWC - now the Fundy Region Service
Commission, FRSC) to construct and operate a regional sanitary landfill at Crane
Mountain. Specifically, the requirement related to the establishment of CMEI stated:

“(l) the Fundy Region Solid Waste Commission shall establish a Community
Environmental Monitoring Committee where membership, terms of reference and
mandate shall be determined in consultation with the Department of the
Environment; the Committee shall be established prior to initiating construction of
the facility; and the Department of the Environment shall have the authority to review
the results of the monitoring programs and make appropriate recommendation”.

The FRSWC established the Fundy Future Environmental Benefits Council (FFEBC — now
CMEI) and an agreement was signed between FRSWC and FFEBC with the approval of the
Minister of Environment.

The agreement defined the mandate of the FFEBC and included the requirement to report
to the Minister of Environment.

The Crane Mountain Solid Waste facility includes two main areas on the site in which waste
is disposed: 1) a disposal area for municipal solid waste which is placed in lined landfill
cells with leachate collection and management, and 2) an unlined C&D (construction and
demolition) disposal area. In this respect the facility is similar to the other regional
containment solid waste sites established within the Province of New Brunswick circa
1990s to regionalize and provide for more environmentally robust waste management.
However, the Crane Mountain landfill is considered unique among the six provincial
regional solid waste landfills in that it is located within a groundwater recharge area,
positioning it upgradient and in relatively close proximity to approximately 1000 potable
water supply wells.

In the agreement with FRSC, the mandate of CMEIl includes among other items, to:

e monitor the Operation of the Facilities;

e ensure thatits members are regularly and fully informed concerning the Operation
of the Facilities;

e reportto the Minister;



e advise the Commission on the views and comments of the council concerning the
operation of any element of the Commission’s solid waste management system
where the operation of such element or elements has a direct impact on the
Operation of the Facilities.

Itis important to note that the Province identified that one of the primary objectives of
CMEI’'s mandate was to ensure that the necessary efforts and measures are assessed and
implemented to protect the groundwater resource on which the community relies to meet
their current and future potable water requirements.

The original design for the site was for a lifespan of twenty-five years (Fundy Solid Waste
Action Team, 1994), based on an estimate of the amount of waste expected. The actual
volume of waste has been approximately half that amount since the landfill started
operation. Through programmes such as collection of recyclable materials over the last
several years, waste diversion efforts have improved municipal and the amount of waste
being added to the main pile is being reduced. This provides a significant extension to the
landfill life cycle extending its lifetime to more than double the original planned timeline —
this extension provides sufficient time to find alternatives to increasing the height of the
landfill, given the dangers introduced by this project.

2. INTRODUCTION TO THIS REPORT

In September 2023, CMEI contracted the engineering company, EXP Services Inc. (EXP -
formerly ADI Limited), to perform a detailed review of the Crane Mountain landfill. CMEI
has been working with EXP for most of the life of the landfill; they have significant expertise
in landfills in New Brunswick and elsewhere and in 2005 (as ADI Group Inc, Engineering
Services) they completed an independent external review of the landfill, and have
continued since that time to provide periodic support to assist CMEI in their ongoing
monitoring and review of various landfill aspects (e.g., construction, monitoring).

As part of their recent work on behalf of CMEI, EXP retained Dr. Kerry Rowe, who is the
current Barrington Batchelor Distinguished University Professor in the Faculty of Civil
Engineering at Queens University in Kingston, Ontario and is the Canada Research Chair in
Geotechnical and Geoenvironmental Engineering. Dr. Rowe has performed extensive
globally recognized and peer reviewed research into landfills with a specific focus on liner



systems. CMEl received a report from Dr. Rowe and it is available on the CMEIl website at
www.cmei.ca.

To implement the monitoring portion of the mandate, CMEI has established a Monitoring
Committee, from among the council’s Board of Directors. The members of this committee
have performed extensive research of various publications and documents, including the
original Environmental Impact Assessment (1994) and including reports from EXP and Dr.
Rowe.

This document identifies several major issues that the Monitoring Committee has
identified with the design, construction, operation and monitoring of the landfill, and the
serious potential effects on these issues with the Height Increase project. These are critical
to assessing the potential impacts of raising the height of the landfill and thereby extending
not only it’s active operational life, but also the active leachate generation life after closure.
The following sections identify those concerns and provide detailed background in each
case.

3. LANDFILL LINER

An engineered containment landfill liner system provides a barrier to contain leachate to
prevent contamination of the surrounding environment and to enable collection of the
leachate for subsequent treatment. The engineered liner for the Crane Mountain landfill
includes a composite clay and geomembrane hydraulic barrier, plus drainage and
protection layers, referred to as a single composite liner system.

At the time of the original design of the Crane Mountain landfill, this single composite liner
was considered satisfactory for containment of the leachate and was designed to provide a
breakthrough timeline of twenty-five years. This breakthrough time, understood to be based
on the assumption of advective transport only through the landfill liner, was identified in
the New Brunswick Department of Environment and Local Government (NBDELG)
Guideline of Landfill Construction document titled April 12,1994 Liner Guidance, which
can be found in Appendix A. ltem r. on page 3 of this document identifies the 25-year
breakthrough. It is important to note that this document is now 31 years old. In the
intervening years, there has been much research in this area.

Due to the extension of the lifespan of the landfill as identified in Section 1. Background,
CMEl is concerned that twenty-five years minimum breakthrough is no longer sufficient to
protect the surrounding environment and specifically, the 1000 private wells downstream



of the landfill. This concern is further justified in light of the significant advances in
understanding of containment liner systems, including aspects such as contaminant
transport processes, the significant limitations of a single composite liner design and the
new chemicals e.g. micro plastics and PFAS. For example, in Dr. Rowe’s study for CMEI, he
has noted that:

(i) “All landfill liners leak” and references several published studies including Giroud
and Bonaparte 1989a, b; Giroud 2016; Rowe 1998, 2005, 2012, 2018, 2020; Beck
2015. (The full list of references can be found in Appendix B)

(ii) The actual leakage is likely to be substantially more than originally considered using
historical design assumptions, due to holes in wrinkles (as specified in Rowe 1998,
2012, 2020) and due to desiccation of the interface between the geomembrane and
compacted clay liner (Rowe 2018).

(iii) The lack of a well-documented construction quality process that involved
documentation of the time of day that the liner was covered and any particular
actions that were taken to minimize wrinkles, sun exposure, trampolining, or any
other adverse conditions affecting liner integrity during construction.

Dr. Rowe identifies three primary factors affecting the effectiveness of this composite liner:
(a) the area of wrinkle with holes,
(b) the hydraulic conductivity of the clay, and
(c) the interface transmissivity between the gecomembrane and compacted clay.

Dr. Rowe has also identified problems with:
(a) the lack of a well-documented construction quality process,
(b) the service life of the geosynthetic components of the liner system,
(c) the potential for desiccation of the clay liner below the geomembrane, and
(d) the absence of knowledge of PFAS, a more recent emerging contaminant of concern,
or consideration of its potential environmental impact

As a result of his work on liner systems, Dr. Rowe recommends the use of a double liner
system and Quarterly testing for PFAS in Leachate. There is currently no testing for PFAS.

Regarding the dated liner design used in the Crane Mountain landfill’s original, current and
presumably future cells Dr. Rowe summarizes his collective concerns in the statement:
“What was approved about 25 years ago and is being done now is no longer appropriate.
As facts change, so must the design.”

For the complete report by Dr. Rowe refer to CMEI’s website: www.cmei.ca.



In 2005, ADI Limited (now EXP) completed an independent external review of the Crane
Mountain Landfill. This review was requested by CMEI in response to a 1994 Environmental
Impact Assessment Registration (NB EIA #1025) to increase the height of the landfill. The
review recommended (among several others) that a double liner be used in the
construction of future cells (see Appendix B). Since its initial review, this recommendation
was communicated clearly by CMEI to FRSC and was repeated in an update to the EXP
review completed in 2009. This recommendation (see Appendix B) was rejected by FRSC
and this rejection has never been justified. The research by Dr. Rowe points to significant
threats of leakage into the bedrock under the liner and CMEI has major concerns regarding
the integrity of the liner under the existing cells, especially if the liner will be stressed with
increased height and weight. The failure by FRSC to adopt the significantly more robust
double composite liner design is particularly problematic given that the Crane Mountain
landfill is located in a much more sensitive hydrogeological setting than other engineered
landfills constructed in the Province of New Brunswick that changed to a double liner
design and construction very early in their mandate. The continued use by FRSC of a single
liner is further inexplicable in that the NBDELG landfill construction guidelines as early as
1988 stated that their primary objective was to “..insure that all sanitary landfill facilities
are designed and constructed to meet state-of-the art environmental standards”. As stated
elsewhere in this brief and clearly demonstrated and stated in Dr. Rowe’s review, the
continued use of a single liner in a site setting such as the Crane Mountain landfill falls
significantly short of this NBDELG objective. To add even more waste on top of an already
deficient design cannot be justified in light of the current understanding of containment
liners and state-of-the art landfill construction practice.

Dr. Rowe also examines the effects on the liner of extending the life of the landfill by adding
“height to the top of the landfill. He identifies significant concerns with this extension
including an exponential increase in the time span of post-closure monitoring
requirements.

One of the significant concerns of the height increase, follows from the issue with the
twenty-five-year breakthrough timeline — as the landfill life extends further beyond this
timeline, the plan for the height increase is to peel the top cover off each successive cell to
add more waste on top. With the cover removed, the original liner will again be exposed to
new leachate production as rainfall filters through the existing waste pile and the new
waste on the top. By the time the last of the existing cells is exposed, the age of the liner
will be well in excess of twenty-five years. Indeed, if the last cell to be exposed is Cell #1,
the liner could be forty years old or more. This issue was completely ignored in the EIA
Registration document for the life extension project.



4. CONSTRUCTION AND DEMOLITION AREA

The Construction and Demolition (C & D) area is separate from the main waste pile.
Because the area is away from the waste pile, there is no liner that was designed or
constructed under the site.

Over the last several years, there is significant literature that suggests certain compounds
of significant concern regarding potable groundwater quality (e.g., PFAS, microplastics)
can be even more elevated in C&D leachate than in MSW waste leachate; these
compounds in leachate can significantly exceed Health Canada Guidelines for Canadian
Drinking Water Quality.

The fact that the C & D site is unlined and has no leachate collection but relies solely on
infiltration and natural attenuation to mitigate groundwater impacts, suggests this aspect
of the facility warrants further rigorous and comprehensive environmental assessment. The
natural flow of groundwater from the landfill area is either into the local streams and from
there into the Wolastoq (St. John) River and into the Bay of Fundy, into the deeper
groundwater flow system that supplies the approximately 1000 downgradient potable
water supply wells, or both. This document includes Section 6. Analysis of Bedrock, which
suggests that the leakage of leachate from the C & D site poses a significant threat to the
1000 private wells downstream of the landfill.

As identified in Section 1. Background, the lifespan of the landfill is now significantly longer
than originally designed. This suggests that, whereas in the original landfill design there
was only limited concern for contaminants from C & D waste, the concerns should now be
two-fold, based on the expected lifespan of the landfill and on the developing
understanding of the significant health effects and risks dangers of microplastics and PFAS
in drinking water.

Currently there is no requirement in the Approval to Operate for any liner under the C & D

site. CMEI recommends that this requirement should be added to that document as soon
as possible and immediate action be taken to rectify the lack of a liner. Further, in light of

the increasing concern with C&D disposal site leachates, the nature and quantity of C&D
waste disposed at the site warrants significant clarification.

By extending the life of the landfill, by adding height to the main municipal waste pile, the
issue with a lack of liner under the C & D waste pile extends this problem for the longer
lifespan.



5. TESTING FOR PFAS AND MICROPLASTICS

o Lack of testing of Leachate and Monitoring wells for PFAS (a contaminant now
restricted at the federal level). The expert consulted by EXP, Dr. Kerry Rowe, has
identified in his report, that a serious chemical contaminant commonly presentin
the leachates of landfills (and also by Health Canada, Reports and Publications,
Environmental Contaminants Please Reference the Government of Canada, Health-
Canada website: https://www.canada.ca/en/health-

canada/services/environmental-workplace-health/reports-publications/water-
quality/guidelines-canadian-drinking-water-quality-summary-table. html#t2 (refer to
Poly and Per-Flouroalkyl Substances (PFAS) in the table), is not being analyzed or
characterized in the monitoring data of the Crane Mountain Landfill leachate and
Monitoring Wells. Dr. Rowe’s studies have shown that landfills are a large
concentration (expected average landfills range are 1500 parts per million, ppm) of
Poly or Per-Fluoro-Alkyl substances (PFAs), Perfluoro Octane Sulfonates (PFOS) and
microplastics, and these chemicals are ever-present in the leachate. In Dr. Rowe’s
studies(Dr Kerry Rowe RKRI report, RKRI Memo Expansion Issues, Crane Mountain
Landfill Capacity Augmentation and Life Extension, 2024-12-09 available on the
CMEI website). The studies have also identified that the leachate containing these
chemicals also cause breakdown or chemical attack of the synthetic geomembrane
liner, its related components (e.g., geotextile, geonet) and the clay liner. A
breakthrough of the leachate to the groundwater would cause a serious chemical
contamination to the groundwater and subsequently would pose a significant risk to
the well water supply to approximately 1000 domestic wells located downstream in
the discharge area from the landfill site. The US EPA has set an extremely low
maximum allowable concentration of these contaminants in drinking water
standards (Reference the US EPA website: https://www.epa.gov/ground-water-and-

drinking-water/national-primary-drinking-water-regulations, for the table on US EPA

Drinking Water Standards, as defined in the National Primary Drinking Water
Regulations - NPDWR, 2025), due to their health effects and ability to accumulate
in an organism. Accumulation in an organism is not solely through ingestion, but
also through absorption. As stated in the Environmental Impact Assessment
Registration #1617, June 21, 2023 (cite EIA Registration #1617, Pg. 8) “the project
would add capacity for an additional 2.4 million cubic meter tonnes, essentially
doubling the existing capacity of the Landfill.” The doubling of the landfill waste will
have the effect of doubling the PFAS and microplastic concentration in leachate and
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will extend the presence (or production) of these contaminants for hundreds of
years.

Health Canada has recently established limits on concentrations of PFAS. The
US EPA has already set a drinking water standard guideline restriction for the
chemical identified as PFAs, or also known as, the Forever Chemical, because the
chemical does not readily break down into less harmful compounds. World-wide
recognition of this contaminant has identified its health effects and realized the
seriousness of it making its way into the drinking water stream. Similarly noted for
its toxicity and carcinogenic effects, there is another chemical compound labelled
PFQOS, used for fire retardants in everything from clothing to furniture and building
materials. Studies have determined that PFOS and PFAs are cumulative in an
organism and cause health effects such as cancers of the liver and kidneys, and
reduced growth in fetuses, infants and juveniles. Due to the bioaccumulation of
PFAs, the EPA has recognized that the maximum allowable concentration of this
contaminantin drinking water is very low (9 ng/L). Guidelines for Canadian Drinking
Water Quality have only recently caught up to the US EPA. Therefore, it is negligent
for the Landfill operating authority to ignore analysis of the leachate and
groundwater samples for these contaminants, knowing their serious health effects
on people and aquatic life, and that guidelines will be requiring the Crane Mountain
Landfill to monitor them. Other chemical analysis parameters on leachate samples
indicate a strong possibility that the contaminants of concern are present.

Leachate removed from site is not tested prior to transport to Lancaster
Wastewater Treatment Facility (LWTF). Due to the disfunction of the Crane
Mountain Landfill Operation to fulfill its obligation to pretreat leachate prior to
release, (reference: Crane Mountain EIA Approval Conditions 1995, Pg.1, Item 6) all
leachate is trucked offsite (commonly twice daily in a full-size tanker transport
trailer, ~30,000 liters per load) to the City of Saint John’s Lancaster Wastewater
Treatment facility (LWTF). According to the Crane Mountain Annual Environment
Reports (reference: Environmental Monitoring Program, 2008 & 2009, Crane
Mountain Landfill, Monitoring Report (January to June 2008) (Final Report) and
Annual Report 2009), there are no separate samples and analysis for the truckloads
of Leachate. There is, however, sampling and analysis of the leachate pond on a
routine basis. In other environmental monitoring requirements for different waste
stream generators, a cumulative and composite sample would be generated
representing a periodic sample for analysis. For example, a titer, or a sample size
determined from the ratio of the truck volume to the total volume discharged in a
defined period, such as a week, from a trailer load sample would be added to a
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composite sample retained for a 1- or 2-week composite sample submitted for
analysis).

LWTF is primarily a sedimentation process. Sewage Lagoons typically rely on an
oxidation (aeration and bioreaction) and settling process for treatment of sewage
prior to release to the environment. The process is dependent on a bacterial
breakdown of sewage solids and pathogens where an abundance of oxygen in the
treatment pond facilitates this action. The broken-down solids are settled out
(sedimentation) and the clear liquid (supernatant) above the settling pond flows out
and is usually disinfected using chlorine or hypochlorite addition. As wonderful as
this process can be to help reduce our human waste footprint on the environment, it
is not the suitable type of treatment necessary to remove PFAS, PFOS and
microplastic contaminants. Researchers globally have looked for methods to
remove these chemical contaminants from drinking water sources. To date, most
methods discovered are costly and restrictive, relying on high heat and lon Exchange
filtration treatment, none of which has been suitable with sewage treatment.

PFAS, PFOS and microplastics are not subject to sedimentation and remain
suspended in water. As the sewage treatment method is not effective to remove
these chemical contaminants, they remain in solution and carry through to the
effluent, or, as discovered in the State of Maine, USA, it bio-accumulates in the
lagoon sludge (settled material solids). In error, several American states, including
the state of Maine allowed the use of sewage treatment sludge to be used as
farming fertilizer (Most recent information
https:kffhealthnews.org/news/article/pfas-forever-chemicals-tainted-water-
maine/). Now PFAs have been detected in the food chain (vegetables and livestock
which fed on fertilized fields of hay).

Impact

PFAS and microplastics are draining into The Bay of Fundy via the Saints Rest Marsh
Estuary, therefore causing off-site impacts which have never been considered in
landfill design, operations and monitoring. The Environmental Impact Assessments for
the original Landfill and the Landfill Height Extension Project did not include the Lancaster
Wastewater Treatment Facility or the Bay of Fundy aquatic life as a projected impact. The
leachate treatment failure of the Crane Mountain Landfill treatment facility (Xenon water
treatment plant) very early in the life of the landfill has added an unplanned consequence
to the Landfillimpacts. With the Landfill Extension Project, the reliance on the Lancaster
Wastewater Treatment Facility is far greater, and will continue to be a repository of PFAs
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and microplastics. Just as itis being learned from American and Quebec Landfills with
PFAS contamination with agricultural food streams
(https://www.theguardian.com/environment/2025/jan/14/pfas-sewage-fertilizer and

https://www.cbc.ca/news/canada/montreal/quebec-pfas-forever-chemicals-
management-plan-1.7486757), our local aquatic food chain is therefore now further at
serious risk (bioaccumulation in shell fish and sea fish) as a result of changes to the
landfill’s leachate management operations.

6. ANALYSIS OF BEDROCK

The possible travel paths for the leachate that will escape from Crane Mountain are of
primary concern to the residents of Martinon and Morna that are down stream from the
landfill. There are approximately 1,000 houses and buildings in the effected area whose
residents rely on water from individual wells.

The initial EIA performed by Gemtec/Neil and Gunter/Fiander-Good Associates Ltd. in 1994
discusses the geology but does not make any conclusions as to the probability of leachate
leaking from the facility and estimates for the time it would take for contaminants to reach
the impacted communities. There is very minimal field work (seismic, bore holes, ground
penetrating radar, etc.) done in the area of concern between the landfill and the impacted
communities.

The EIA was reviewed by hydrogeologists employed by the Department of Environment. In a
January 26,1994 internal memo the hydrogeologists in the department stated:

“On the basis of the site situation and of the specific hydrogeological information
presented in the report, the Department’s hydrogeologists have unanimously
expressed concern regarding the potential danger to groundwater supplies.”

In a subsequent memo on October 12,1994 the hydrogeologists conclude (the risky site is
the Crane Mountain site and the alternative site was Paddy’s Hill).

“Conclusion

Relatively much less effort was apparently expended on the Paddy’s Hill site than on
Crane Mountain, even after our identification of major potential problems with the
latter site............. Existing domestic wells in Lorneville would not be affected by
even a catastrophic release of contaminant at the proposed site. | find it remarkable
that so much effort has been expended on a risky site when there is easily available
and apparently low-risk site that is reasonably economical and probably has
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significantly greater potential for future expansion. | believe the way forward here to
a solution of Saint John’s waste problem is very clear.”

From the information in this document. it is very clear that the Environment

departmentignored its own experts and pushed the approvals through despite the
risk.

A subsequent report was prepared by engineers at FRACFLOW CONSULTANTs INC in
September, 1997 entitled “Review of Environmental Impact Statement, Regional landfill at
Crane Mountain”. In this document it is stated:

“The proposed Crane Mountain landfill has been sited in the worst possible location
within the drainage basin, namely in the main recharge area for the drainage basin.
Furthermore, it is underlain by intensely fractured rocks whose hydraulic
conductivities have been poorly characterized. In a large measure, the acceptance
of the site, including part of the risk assessment, has been based on the results of
numerical flow and transport modelling. We find that this numerical modeling is
deficient and incomplete in a number of areas ...”

There is a significant lack of complete analysis of the fracturing of the bedrock which in
turn creates a knowledge gap regarding the potential paths of leakage into the groundwater.

Gemtec, in their 2006 report on the Bedrock Hydrogeology concluded that an engineering
group should:

“Carry out a more detailed bedrock-mapping program in the area down gradient of
the landfill. The mapping should focus on surface outcrops and include fracture
orientation, trace length, aperture and spacing. The information will aid in better
assessing groundwater flow directions and velocities.”

EXP did a review brief, in December 2024, where EXP addressed the deficiencies in the
assessment of the ongoing analysis of the hydrogeology since 2006. EXP had developed a
more recent groundwater model referenced by Gemtec in their ongoing analysis of the site
hydrogeology and the recent plan by FRSC to increase quantity and height of waste.
However, regarding Gemtec’s use of this work EXP stated that:

“Other significant deficiencies of the submission include reliance on the EXP
numerical modeling study; EXP was not consulted and has reservations concerning
the use of the model to justify the proposed increase in waste loading on the liner
and with the watershed. The numerical model and conceptual model on which it
was based are subject to several simplifying assumptions and limitations, for which
the recommendations for additional field assessment have not been implemented

13



orcompleted. The EXP study is not, as stated by Gemtec, a “comprehensive”
numerical model and does not address the NBELG requirement for detailed
hydrogeological assessment, particularly for a proposed significant modification to
the facility inherent in the planned significant increase in waste quantity and height.

»

The external reviews by experts in the field of hydrogeology. demonstrate the inadequate
assessment of the hydrogeological conditions in this area of highly fractured bedrock.
Opinions from three different professional groups including the Department of
Environment themselves, do not support the conclusions being reached by Crane
Mountain and its consulting firm.

There is an attempt to hide behind the monitoring wells as protection for those who are on
wells downstream of the landfill. These wells may or may not detect discharges from Crane
Mountain as the identified highly fractured bedrock could provide paths that would
completely miss the wells that have been drilled (see Sections 8 and 9 below).

Gemtec performed a desk top study for their EIA related to the height increase at Crane
Mountain. They performed no further studies or field investigations on the fractured
geological conditions at the site or between the site and the adjacent communities which
are downstream of the Crane Mountain landfill. As stated above, the creators of the model
that Gemtec quotes as “comprehensive” have stated that it is not adequate for this
purpose. Crane Mountain and their consultant Gemtec are basing their EIA on an
incomplete model with a lack of adequate seismic, bore hole, GPR, and field investigation.
This invalidates the EIA and puts the downstream communities at significant risk.

7. DISCREPANCIES IN TESTING OF MONITORING WELLS

e Discrepancies in the test results of the monitoring wells that are not properly
explained and with no potential remediation provided; Inthe Compliance
Monitoring Program, July to September 2023, Crane Mountain Landfill, Saint John,
New Brunswick, (GEMTEC Project: 4662.09 — R58), Section 3.2, “Groundwater
Results” it is stated with regards to analysis “For ammonia, mercury, vanadium and
cobalt it was not possible to determine whether the concentrations exceeded
applicable guidelines, as their respective laboratory method detection limits
exceeded the guideline concentrations. Historically, these detection limits have
been greater than their applicable guidelines with the exception of mercury.”
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The report did not provide an alternate analysis technique nor was a laboratory with
adequate analysis technique employed. It was stated in Section 4.0 “Conclusions
and Recommendations” “For future sampling events it is recommended to discuss
with the laboratory the possibility of lower detection limits for ammonia, vanadium,
cobalt and mercury in surface water and groundwater to allow for comparison to the
applicable guidelines.”

As per common industry practice, if a contracted laboratory cannot meet expected
analysis limits, then it is the end of a contract with that laboratory and a new
laboratory is contracted that is capable. Furthermore, Gemtec is not the
responsible hiring party of the lab and is not in any position to provide such
statements. As stated in Section 1.0 “Introduction”, a disclaimer stated by the
engineering firm regarding the laboratory: “GEMTEC was not involved in the
selection of the analytical laboratory.”

Annual Monitoring Report identifies some anomalies, e.g:

— “Concentrations of [analytes] manganese exceeded” the Canadian
Drinking Water Quality Guidelines for Drinking Water (CDWQ). In the
Monitoring Report for January to June 2008 (Final Report) as required by the
Environmental Monitoring Program and Approval to Operate 2015? Section
2.2.1 Monitoring Wells states the aluminum concentration in samples
obtained from monitoring wells... exceeded the guideline of 100 ug/l, and,
same stated for the analytes arsenic, iron, and manganese. These
exceedances were explained as “consistent with historical levels” or “are
aesthetic Objectives and do not indicate a health hazard.”

The CDWQ Guidelines classifies manganese as an aesthetic objective but
also states manganese is a health hazard, especially for breastfeeding
infants.

— “A new maximum?” concentration, or “greater than their applicable
guidelines”, or “historic highs” for concentrations. In the Environmental
Monitoring Program Fourth Quarter and Annual Report 2023, Crane Mountain
Landfill, Saint John, New Brunswick, (GEMTEC Project: 4662.09 — R59),
Section 4.4.1, “Groundwater Results”, in reporting about concentrations of
zinc in Monitoring Well MW31S (shallow) provided results that were a “new
high” compared to Atlantic RBCA Ecological Guideline (>10m from surface
water) limit of 70 ug/L. There is no further discussion of remediating this “new
high” result such as resample or more analysis of related parameters. To re-
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iterate here; the Atlantic RBCA (Risk Based Corrective Action) Ecological
Guideline was not a guideline standard agreed upon in the Conditions for
Approval, it appears Gemtec decided to choose the guidelines to their own
desire. The Atlantic RBCA Guideline is to be referenced for remediation of
sites impacted by petroleum hydrocarbons and other contaminants
(https://atlanticrbca.com)

“Turbidity exceeded the [Canadian Drinking Water Guidelines] at 28
monitoring well locations”. In the Environmental Monitoring Program Fourth
Quarter and Annual Report 2023, Crane Mountain Landfill, Saint John, New
Brunswick, (GEMTEC Project: 4662.09 — R59), Section 4.4.1, “Groundwater
Results”, it was stated “Elevated turbidity exceeding the GCDWQ Aesthetic
Objective (AO) of 1.0 NTU was observed at 28 monitoring wells”. It only
explained the high result as being “consistent with historical data.” And
“sampling techniques” may have caused the result by rapid removal of water.
There were no re-sampling results offered and no discussion if the sampling
person’s qualification provided sufficient training to not cause this problem.

No explanation is provided for these discrepancies and no remediation
suggested.

Impact. In any case of exceeded acceptable concentrations there is no other discussion of
remediation to the results stated. It would be expected practice of due diligence for an
Approval holder to resample and verify the exceeded results, as well as performing other
analysis to provide further explanation or insight (pH, conductivity, variance in trends that
may indicate a contamination). With the Height Extension project doubling the volume-
mass of waste, it should be anticipated to take actions for anomalies in results from
analysis that require further investigation to mitigate possible leakage effects on

groundwater, especially considering the doubled amount of waste will require an extended

amount of monitoring (greater than 100 years, per Dr. Kerry Rowe’s report).

“Unknown whether the readings are problematic. Requires improved statistical
analysis of recent and long term data to determine if “trends” are present.” In the
Environmental Monitoring Program 2008, Crane Mountain Landfill, Monitoring
Report (January to June 2008) (Final Report), File 658.98 — R02, October 2008,
Section 2.2.1, “Monitoring Wells”, reporting on sulfate concentration in MW34S, it
was stated “”’The cause for the increase in sulfate remains unknown and the trend
data at this well location should continue to be monitored.” And similarly, in a
preceding discussion on manganese concentrations exceeding the CDWQ
Guideline in MWS36S, it was stated “The cause for the increase in manganese and
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cadmium is not known and the trend data at this well location should be closely
monitored.”

8. FAILURE TO TEST MONITORING WELLS

The Crane Mountain administrators have, as stated previously, tried to calm concerns by
pointing to monitoring wells as being the line of defense that would provide early detection.
That mitigation, depending on where leachate is discovered, could be very difficult or
impossible to implement in a financially viable manner. The alternatives of bringing water
from Saint John via new water lines would result in tens of millions of dollars that the city
cannot afford given its financial constraints. The land values for the community would take
a serious decline (or become un-sellable) and the pollution of the Saint John River would
be devastating for aquatic life in the river and would impact recreation (swimming) for
those who live in the area.

There are currently a minimal number of landfill monitoring wells and surface water
stations between Crane Mountain and the communities of concern. In the Gemtec 2023
report (Compliance Monitoring Program, July to September 2023, Crane Mountain Landfill,
SaintJohn, New Brunswick, December 12, 2023) it is stated that:

“Samples were not collected in July nor September 2023 from the following
monitoring wells: MW39S, MW46U, MW47L/S/U, and MW50U. Monitoring well
MW39S has not been sampled since at least 2011, although it remains a sampling
requirement on the Approval. MW39S was visited in 2022 and while no damage was
observed the monitoring well has been consistently dry. Monitoring wells MW46U
and MW50U could not be sampled due to damaged (warped) well casings. In
addition, two new monitoring wells were added to the sampling rotation: MW57S
and MW57D. These monitoring wells were installed in September 2022,
approximately 30 m to the east of MW47L/S/U to replace these wells.”

Refer to Appendix C, for diagrams showing the location of the Monitoring Wells identified in
this section.

The fact that one well has not been sampled since 2011 (a requirement under their permit
to operate) is alarming and shows the lack of concern for a robust sampling program. While
MW 47 has been decommissioned, the MW57 has been drilled to replace that well cluster.
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The monitoring wells offsite, namely MW46U and MW50U, not being sampled is again
alarming. There are not enough wells offsite as itis and having two inoperable is
completely unacceptable.

Offsite monitoring wells are those located outside the Crane Mountain facility property and
located between Highway7 (main route from Saint John to Fredericton) and the
communities whose personal wells may be impacted, namely, Martinon, Morna, Ketepec,
and Acamac.

The closure statement provided by Gemtec is particularly alarming given that Crane
Mountain defends its position by pointing to a robust monitoring program. The closure
statement (provided here for reference) is:

“This report has been prepared for the sole benefit of our client, Fundy Regional
Service Commission. This report may not be relied upon by any other person or

entity without the express written consent of GEMTEC Consulting Engineers and
Scientists Limited and Fundy Regional Service Commission.

Any use that a third party makes of this report, or any reliance or decisions made
based on it, is the responsibility of such third parties. GEMTEC Consulting Engineers
and Scientists Limited accepts no responsibility for damages, if any, suffered by any
third party as a result of decisions made or actions based on this report.

GEMTEC Consulting Engineers and Scientists Limited personnel did not observe or
oversee the collection of any samples or field measurements. GEMTEC Consulting
Engineers and Scientists Limited provides no verification of the accuracy of the
results, adherence to standard field sampling procedures, or compliance with field
sampling procedures stipulated in the Approval with regard to sampling completed
by Saint John Laboratory Services Ltd.”

The fact that Gemtec has issued this report and made numerous conclusions and
observations yet has never witnessed and approved the sampling methodology is
problematic. Itis difficult to draw accurate conclusions unless you witness and approve
that process. This potentially indicates a lack of thoroughness and technical integrity. Third
parties, the communities that could be impacted, do rely on the reports provided by Crane
Mountains consultants, and while this language is often provided by professional firms to
minimize exposure and liability for the firm, the statement with regards to sampling
methodology and field implementation creates issues with the report’s observations,
statements, and conclusions.

As stated in Section 6 of this submission the above observations again invalidate the EIA
expansion submission from Gemtec as submitted for their client Crane Mountain.
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9. SHORTAGE OF MONITORING WELLS AND SURFACE WATER
STATIONS

The current monitoring system for the Crane Mountain landfill demonstrates an
inadequacy in monitoring well placement and density, particularly in the downstream
direction where approximately 1,000 private potable wells are situated. This represents a
significant gap in the environmental monitoring and protection framework and raises
concerns about the ability to detect potential contamination before it reaches residential
water supplies. This problem is further exacerbated by the nature of the flow system
intended to be adequately monitored, i.e., a complex fractured bedrock aquifer in a potable
water setting.

Issues of particular concern include but are not limited to:

e the factthat only three monitoring wells are positioned downstream from the landfill
facility;

e theyare spaced such that the gaps between them are large;

e and they are vertical wells only which minimizes the potential to intersect discrete
fractures within the bedrock.

This limited number of monitoring points is inadequate for effective surveillance of a site
with such complex geology and significant potential for environmental impact. The
protection of these 1,000 private potable wells must be considered a paramount priority, as
they provide essential drinking water to numerous residents in the surrounding
communities of Martinon, Morna, Ketepec, and Acamac.

The current monitoring configuration creates several critical vulnerabilities in the
environmental protection system. Firstly, as detailed in Section 6 of this report, thereis a
lack of comprehensive knowledge regarding fractured paths in the bedrock underlying and
surrounding the landfill site. This geological uncertainty makes it highly probable that
potential leachate leakage could entirely bypass the limited monitoring wells currently in
place. The bedrock has been previously identified as “highly fractured” with both horizontal
and vertical fracture patterns, yet no significant analysis has been performed to accurately
map these potential contamination pathways, if at all possible, unless more monitoring
wells are created.

Secondly, there is a complete absence of established groundwater-stream interaction
monitoring protocols. This represents a serious deficiency in the monitoring program,
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particularly given the importance of understanding how contaminants might travel
between groundwater and surface water systems in this hydrogeological complex area.
This deficiency necessitates enhanced surface water monitoring at locations where
groundwater wells are adjacent to surface water sampling locations to properly understand
the exchange dynamics between these interconnected pathways.

Furthermore, as indicated in Section 7 of this report, there are ongoing issues with the
monitoring wells that are currently in place. The inability to sample certain wells due to
damage, dryness, or other factors further compromises the already insufficient monitoring
network. When combined with the geological complexities of the site, these operational
deficiencies create an unacceptable level of uncertainty regarding the potential migration
of contaminants from the landfill.

The numerical groundwater flow model that was recently developed for this site was based
on limited field data and broad assumptions about site conditions. Despite this, there is no
evidence that annual monitoring data is being systematically incorporated into this model
to refine and improve its predictive capabilities. This represents a missed opportunity to
enhance understanding of the site's hydrogeology based on available data. Continuous
refinement of the groundwater model would provide valuable insights into potential
contaminant migration pathways and could help identify optimal locations for additional
monitoring wells.

Given the identified presence of potentially critical contaminants of concernin the
leachate, including PFAS and microplastics, the need for a robust monitoring network
becomes even more urgent. These contaminants pose long-term environmental and health
risks, with documented persistence in the environment and potential for bioaccumulation
in organisms, including humans.

In light of these geological and contaminant concerns, the current monitoring well network
falls short of what would be considered adequate due diligence for a facility of this nature,
particularly one situated upstream of so many residential water supplies that rely on a
fractured bedrock aquifer. The limited number of downstream monitoring wells cannot
reasonably be expected to provide early warning of potential contamination events, which
undermines the fundamental purpose of having a monitoring system in the first place.
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10.APPROVAL TO OPERATE

The Approval to Operate for the Crane Mountain landfill demonstrates significant
deficiencies and has become increasingly outdated and insufficient to address modern
environmental concerns. The original framework and resulting landfill design, developed
approximately thirty years ago as part of the original EIA and approval to build and operate,
fails to account for numerous critical factors that have emerged in the intervening decades,
leaving gaps in environmental protection requirements.

A fundamental issue with the current Approval to Operate is its notable deficiency in
specifying comprehensive remediation protocols. As detailed in Sections 6 and 7 of this
report, there is a pronounced lack of knowledge regarding fractured paths in the bedrock
underlying the landfill site. This geological uncertainty creates a significant risk that
leachate leakage could go undetected by the sparse monitoring network. Despite this well-
documented vulnerability, the current Approval to Operate does not adequately address
this risk nor provide detailed remediation protocols should contamination be detected.

The Approval to Operate has been subject to only minimal updates over the years, failing to
incorporate significant advancements in several key areas. Most notably, it does not reflect
technological advances in testing methodologies that could provide more accurate and
comprehensive monitoring of potential environmental impacts. Modern analytical
techniques allow for the detection of contaminants at increasingly lower concentrations,
providing earlier warning of potential environmental concerns. However, the current
Approval to Operate does not mandate the use of these advanced methodologies and their
specific analytes of concern, leaving a critical gap in the monitoring framework.

Furthermore, the Approval to Operate does not address our growing understanding of
emerging pollutants such as microplastics, Polyflouro-Orthosulfates (PFOS) and per- and
polyfluoroalkyl substances (PFAS), commonly referred to as "forever chemicals." These
compounds present substantial long-term environmental and health risks, with
documented persistence in the environment and potential for bioaccumulation in
organisms, including humans. Despite the growing body of scientific evidence regarding
the environmental and health impacts of these compounds, and the increasingly stringent
regulatory frameworks being established by agencies such as the US EPA, Health Canada
and being developed by the Canadian federal Department of Environment, the current
Approval to Operate contains no requirements for monitoring or mitigating these critical
contaminants of concern. Furthermore, recommendations from ADI (now EXP) from their
2005 independent review have not been fully integrated into the operational requirements.
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The current Approval to Operate demonstrates no consideration for significant advances in
waste disposal technologies and methodologies that have been developed over the past
three decades. Modern landfill design incorporates multiple layers of environmental
protection, from enhanced liner systems to comprehensive leachate collection and
treatment processes. These technological advances have significantly reduced the
environmental footprint of modern waste disposal facilities, and can ifimplemented
properly provide for significant improvement in mitigating potential subsurface impacts.
However, the Crane Mountain landfill continues to operate under outdated standards that
do not reflect these advancements, potentially exposing the surrounding environment to
unnecessary risks; for example, the landfill containment liner is at best representative of

the past century’s “state-of-the-art” standard and falls far short in meeting what would be
considered recent “state-of-the-art” design.

As well, climate change considerations are absent from the current Approval to Operate.
The document fails to account for the impact of changing climate conditions on the landfill
design and operation. Climate change is projected to alter precipitation patterns,
potentially increasing both the frequency and intensity of extreme weather events in New
Brunswick. These changes could affect everything from precipitation patterns to
groundwater flow to the integrity of containment systems to the composition, amount and
temporal generation of leachate.

Another concerning aspect of the current Approval to Operate is the absence of
information regarding how landfill operators are establishing a long-term financial reserve
to handle the implications once the site is finally closed. This represents a gap in financial
planning for the inevitable post-closure monitoring and maintenance that will be required
for decades, if not centuries, after the landfill ceases operations. The extensive research by
Dr. Kerry Rowe, as detailed in Section 3 of this report, indicates that the contaminating
lifespan of this facility may extend to 960 years under current conditions. Without adequate
financial provisions, the burden of long-term monitoring and potential remediation could
fall to future generations and taxpayers.

The cumulative effect of these deficiencies in the Approval to Operate is a regulatory
framework that is inadequate to address the modern environmental challenges posed by
this facility, particularly given its proximity to approximately 1,000 residential water
supplies. The document requires revision to incorporate modern environmental standards,
advanced monitoring requirements, emerging contaminant considerations, and long-term
financial planning to ensure adequate protection of human health and the environment.
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11.RECOMMENDATIONS

As aresult of the above analysis, the CMEI Monitoring Committee is recommending that
significant changes are required to the design and operation of the landfill. The issues
identified in this document are not trivial and require considerable action as soon as

feasible. Some actions can be taken immediately, others will require planning to
implement. CMEI has prioritized the recommendations.

Immediately cease any activities related to increasing the amount of waste
disposed in the single composite lined landfill cells beyond the amount that was
approved in the original EIA

PFAS, PFOS and microplastics are known threats to health and strict limits are being
placed on their permitted concentrations in drinking water. Testing for these
contaminants must be added to the requirements for testing of monitoring wells
and leachate.

Regulations around the processes for testing monitoring wells need to be increased.
These includes stricter oversight of the testing process and ensuring that when
anomalies in the results are discovered, there is action taken to analyse the results,
to identify potential corrective actions and to ensure that suitable corrective actions
are taken.

When defects in monitoring wells are discovered, the defects need to be corrected
quickly to ensure that all monitoring wells are tested regularly.

The fractured bedrock between the landfill and the downstream community needs
detailed geological study to determine the most likely paths of any leakage from the
landfill. This study should include, but not be limited to seismic analysis, drilling of
bore holes, and use of ground penetrating radar.

Following the geological study identified above, additional monitoring wells need to
be installed downstream of the landfill to ensure monitoring can occur of the most
likely leakage paths.

update the Approval to Operate to include these requirements

The analysis of liner systems needs to be undertaken and a redesign of the liner
system performed to, as a minimum, require the installation of a double composite
liner for all future municipal solid waste disposal cells.

A detailed study of the location of the Construction and Demolition site is required
and a liner system needs to be installed under the area. Based on the analysis of
liner systems identified above, it is most likely that this should also be a double
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composite liner system, with the leachate collected and treated in an appropriate
mannetr.
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APPENDICES

APPENDIX A LANDFILL LINER DESIGN GUIDELINES
A1. LINER GUIDANCE

The following shows the NBDELG 1994 Liner Guidance document.

SANITARY LANDFTLL LINERS :
STANDARDS FOR CONSTRUCTION AND TESTING

Apnl 12, 1994

“The construction methods adopted &) peavide for 4 high level of covirenmental piotection.
The requitetnents will be descnibed tn detadd in the projecrs Coavisonmenwl Protection Plan
which will he an inearal pam of e conmact documents.

TERMS AND CONDITIONS:
1. The Owner in the construenan of the sanitary 1apdfill shall fllow:

1.  Construction perachces. designs. specificanons and instrucoons thar will adbere
o al] =xisting apphicabte unicipal. Froviecal and Federal laws

b Al commuoniczicns. borh wriken apd verbal, received o daee fram the
Depamment o the Envimnment thmugh s represenagyes in the Cperacons Branch.
Solid Wasie and Beevclioe Sscuon: mchudioe, but nor limieed o, the specifie
ingtrucoons iwmized in thi tollowine tecms and conditions,

c. Any changes tr shese 1erms and conditiens will requice price approval of the
Minister of the Envircoment.

2. In addition v che reoms and conditions i oowmber 1 above the {ollewine condioons shall
ke adhered a:

a.  The test pad for the recompacied soil licer will be constructed adjacent o te )
lcation of che proposad saniezry landtill ceil. The =atl wsed 2 construc che rest pad
will be of the same 1vpe 25 will be nsad o cangtreer the cell liner, )i

b, The size of the ese pad wilb be o length E2 cimes the width of the roiler and a
width & 1mes ke widih of ihe rotler,

c.  The methods and stendards used for e construction and wesing of e wse pad
shall be applied w the canstructien aod resong of the aodfill cell liner.

d. For both the w4l pad and the =anitary lapdfil] ceil, the site wilk be escavaed m
the elevations desizned 1 mainaia a nipirum af 1.5 wm of in-sim all. As well, the
subprade will ke imspreted amd apy granelar seams Wil be over escavated and
compacied oo densiy ot 2023 kgem? or greater with a madern 1builc since 13857,
self-propelled vhravery padfoar compactar with chacacterisics approsching an 847

New Pr -
Nouwvesu 323 Brunswiclc
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April 12, 1994

wide drum. drurm module soane weight of 6300 k2, dmom applied centrifugal force of
230 Kiloneweon

e The subprade and vach Kicar il of the tes pod apd the sandeary [ardfill cell will
be compacted 1o a dry densicy in excess of 2025 kprmr', The densicy must be at least
a2 o ihe imodifizd prociar densicy and at least 98 of the standard procior densicy.
The till {1t sy have & moismre content of between § and 15 percent.

I The lift thickness af the till Tl for bach the esr pad and sannary landfall cell
will b2 sized ro allow full penctration of the lift by the roller pads.

i For both the test pad and sanitary iandfilt ceil. stone in excess of 100 mm will
he removed prior o compaction of exch i

. For boh the west pad and samacy landfill cell. prier 1o beginning the compaction
SF each LML, three samplos of W Gl Gl will be weken for lebomisrr lestine o
Jetermine grain stz diswiburion. Atterbere Limies and molsure conicht.

i An accorate and eocrecty calibraed noclear density aauge will be nscd 10 ensure
that the minimum feld density of 2025 keim’ is achievad.

] Muclear Density Gauge T2sts will be performed an a 10 meere orid. afer
compaction of cach Tift. 10 confirm the depsine of the soil. 2

% A werjes of sand conc wsts will be performed on ecach 10t to condainm the 1o si
Jensity cesulis of the ouclear density gauge,

I Two Air-Emry Permesmeter Tests will be performed omeach 117 o comiimm the
Twwdraulic condustivity of the soil.

m. For bowh the eest pad and sanicary landfilt cell, all siomes in excess of amm will
he rermoved from the serace of the final Lift prior @0 compaction with 1 smoot drum
raller,

n. A Double Rine lncilrometer Test will be perlormed on the smoath surtace of
the corplered st pad b ovenily e the requited hydraule conductiviny has been
achieved for the snii liner,

o, If the Bouble Ring infiltrometer Test perfomed on the smaath surfaze of the
rest pasl and all of the Nuclear Density Gauge Tests and Air-Entry Permeameter Tests

How ,
Som &L Brunswiek

[}

26



Apnl 12, 1804

periormed on cach lift of the st pad indicmas a hydraulbe condectiviey of less than
1 x 107 cm/sec. the saniany landfill celt Bner system will consist of ap 80 mil HDPE
liner with 600 mm at recompacted il placed over & mininn of .5 moaf m-sim )l
If this is e case, e saniary [aadfll cell liner will be consiructied i the same
manner 45 the test pad and wiil be tested as outlined in sections b. |, k and ] above o
ensure that this bydraviic condoctivity is maintaned throughoot the diner,

p. I the Double Ring Infillromerer Test perioomed on the smooeh surface of the
test pad and all of the Muclear Densiry Fauge Tests and Alr-Entry Parmeameier Tesis
performed on each Iift of the wst pad indicates 1 hydraulic conduetivity of less than
2 x |07 cov'sec but preaier chan 1 x 107 cmfsec then the sanitary landfll cell liner
shall be the same s ocwlined in section 2. above with the excepnon that he
recompacted il liner wilf he ipgeeased 1o 730 mm. 1t this 95 the case. the saniary
Jandhl] cell linee wifl be constructied 10 (he S3me manhee as the st pad and wiil be
testedd 25 ourlimed o osections h. fo koo | oabove weoensore that this Bydrauiic
conduslivity i maintained throughout the limer.

. IFthe Doukle Rinp Infilromerer Test performed on the smook sirface of the
test pad and all ot the Muclear Censity Guuge Tests and Air-Entry Permeamaer Teses
performed on each Jift of the test pad indicates 3 hydmwlic conductivity of greawer than
2 X 107 crmw'sec. . bemeniee will be towotilled into the wop [50 mm of the eor pad.
fnirial applicatien rate wiil be determined by taboratory testing and confirmed by the
uce of a rest pad. Spreadiog af the benionite will be by a mechanical means which
wil] ansure the uniform epreading of the bemonite pver the entire surface of the cell
ithe use of a farm lime spreader may be appoopraie). The beotonie shall be
rorotilled in each direction to cosure uniform mixing. Bemenite addition will be
ircreascd until tescing with the double ring infiltromercr and alr-cROy prrmeimerer
indicatcs a hydraulic conducdvity of | x 10-8 cmfsce. ar less. I a bemonice. soil
mdxere is necessary, the sanitary Jandfil 2ell ner will consist of 1.3 moof in-sim nll,
430 mm of recomgpaceed dll, |30 sum of benmonite/soil mixmere and 2 S0 mil HDPE
lingr. If this is the case, the sanjtary fandfill cel lipare will be construceed in e same
manper 1% the casr pad and w31l he resed as cutlined in sections b, j, K and [ ahowve w0
ensure that the hydroolic comductivity achieved in the test pad 36 maimtained
throwghear the 430 mm o recompacted Lines.

T. Which ever vate is indicated by she wes pad, the sanitary landfill licer sysem
shall have o leachate break throush time of ot least 25 yvears.

i [tegardless of wheiher the test pad mdicaes the siwation ouilioed 3 seetions o,

p. or q above, all test results fram the canscruction of the test pad must be forerarded

Maw o
Noweew 33 Brunswick
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April 12, 1994

o the Deparmmen of the Environment far approval prae o imilinting the constuction
of the sanieary landfil] ceil liner.

1. The 20 mil HDPE liner w4100 b2 s2amed viing eqiipment ta produce o dooble
seam with an enclosed air space (doubls fasion welding).

. Each seam shall be air Pressure tested in accordance wah "Guoomdle Quality
Assurance Manwal For The [nstablation Of Polyedhylzne Lining Systems”

v.  Samples of the HDPE liner seams shalt be pulled at intervais af one sample for
cvery SO0 Imedr fest of weld and subiect £0 3 destructive test as preseribed by the
Manuiachurer.,

w. For the 80 mil HDPE liner. all olher manutacmter’s gquality assurance
procedures shall be adhered 1o.

%.  The Proponem shall engage o thied party inspector, agrecable to the Departmem
of the Envirommettt. 10 enswre the proper ingtallation of the 80 mit HDPE linzr. This
inspeceor shall produce o reper on the qualily control of the lincr msailation. The
report shall conmain bur not be limited to: the oumbcr of wesis, test Tocarion and
whather the cesult of the 12s was positive or negacive. if the resuh of the st was
negative whar was done as a result. ewc. This completed Quadiny Assucance/ Quality
Conteol report shall e forwardad to the Depsrment of the Eaviconment no later than
three weeks aiter the completion of the MDPE liner insallanan,

¥. A (uality ConirolfChuality Asserance report covenng the censtrucnon of e
cutite lner sysem. inchuiding all westing performed duning constmucrion. will be
forwardrd o the Deparment of the Environment mo laer than three weeks afier the
comptetion of the sanicacy landfill liner sysiem.

z. Catien exchange capacicy feld vafues will he obtained from the site and included
in the Qualicy Controliuality Assurance report to confirm assumprions made during
tie caloulation of attenuation raes {10meq)! 100e of sail).

aa.  Under the leachite siorage pond. the in-siw wll shall be compacied as deseobed
previously for waste dispasal cells {sectians ¢ and d above!, o addition a iR of we-
compacted tiil, 200 mm minimur with a conductiviey of 1 X 1F or less shall be
placed oo the in-sm dll and beneath the drainage layver asd 80 mil HDPE linee, The
in-sitw il will be retamed at a minimey depdy of 1,500 raro.

How f
M & Brunswick
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april 12, 1994

bb.  The Envimnmental Pruection Blan. sceron U1560 shall b adiered o,

cc.  The groundwater mamtonng program shall be develop=d as per the reguirements
of Deparment the Environmene's bydroeeclogists.

dd.  The approval tor construction of a waste disposal celf shall be issued for sach
ote-vear phase ard c=hall be restricted to che pormion specifted in vhe conpace
docurients referenced in e approval.  Liner desion requirements acd construetion
procedures listed i the approval may change far subsequent conswuerton phases
foflowing the analysis of Field data collecied during constuction.

New

M auvean :.'[4"‘;. Brlmswick

n
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APPENDIX B - REPORT REFERENCES
B1. REFERENCE DOCUMENTS:

The following is a list of references taken from Dr. Rowe’s report for CMEI. For the complete
report refer to www.cmei.ca.

Beck, A., A. Available technologies to approach zero leaks. In Proc., of Geosynthetics
2015 Conf. Roseville.CA: Industrial Fabrics Association International.

Giroud, J. P. 2016. Leakage control using geomembrane liners. Soils Rocks 39 (3): 213—

235.

Giroud, J. P. and Bonaparte R. Leakage through liners constructed with geomembranes
— Part I: Geomembrane liners. Geotext. Geomembr. 1989a, 8 (1): 27-67.
https://doi.org/10.1016/0266-1144(89)90009-5.

Giroud, J. P. and Bonaparte, R. Leakage through liners constructed with geomembranes — Part
II: Composite liners. Geotext. Geomembr., 1989b, (2): 71-111.
https://doi.org/10.1016/0266-1144(89)90022-8

Rowe, R.K. (1998). “Geosynthetics and the minimization of contaminant migration through
barrier systems beneath solid waste”, Keynote paper, Proceedings of 6% International
Conference on Geosynthetics, Atlanta, 1: 27-103.

Rowe, R.K. Long-term performance of contaminant barrier systems, 45™ Rankine
Lecture, Geotechnique, 2005, 55 (9): 631-678.

Rowe, R.K Short and long-term leakage through composite liners. The 7t" Arthur
Casagrande Lecture. 2012. Can. Geotech. J. 49(2):141-169.

Rowe, R.K. (2018) “Environmental geotechnics: looking back, looking forward” (16%

Croce Lecture), Italian Geotechnical Journal, 2018(4):8-40,
dx.doi.org/10.19199/2018.4.0557-1405.008

Rowe, R.K. Protecting the environment with geosynthetics - The 53™ Karl Terzaghi
Lecture, 2020b, ASCE J Geotech. Geoenviron., 146(9):04020081.

10.1061/(ASCE)GT.1943-5606.0002239

B 2. ExtractfromIndependent External Review of Crane
Mountain Landfill, November 2005, by ADI Limited:

Leachate Management
8. Implement a strategy of progressive landfill closure.

9. Reduce the leachate level in the cells or consider double liner in future cells.
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https://doi.org/10.1016/0266-1144(89)90022-8

| 0. Consider automatically pumping leachate to the Surge Pond, upgrade the liner
to a double liner and possibly pre-treat the leachate before discharge.
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APPENDIX C - MONITORING WELLS
C1. LOCATION OF MONITORING WELLS:

Hotted: Feb 28, 5033 0324 Pl = By ANIREW DEMERCHANT = File: riorjects\dE000552 0606 draftingMBE30908_mw plan,teg

For legend and inset see next page

32



i LEGEND
'S & MONITORING WELL
(SURVEYED 2022)

e MONITORING WELL
! (SURVEYED PRIOR TO 2022)

: ; MONITORING WELL TO BE
™ '@ DECOMISSIONED
LT (SURVEYED PRIOR TO 2022)

+, DECOMMISSIONED COR
"~ DESTROYED MONITORING WELL

R !
WY
A 5
DRAWN BY CHECKED BY
2022 SURVEYED MONITORING WELLS AGSD cwW
NAME EAS'I'INE-‘- NORTHING |TOP OF PVC ELEV| GROUND ELEV CALCULATIONS BY CHECRED BY
MWEL 2522249.868 | 7363523.583 76.964
MW315 2522249.832 | 7363523582 75.589
(R 2522246005 | 7363523508 78270 DATE
MW3ZU1 2522633364 | 7363756.288 68.443 67.282 FEB, 2023
MWE2U2 | 2522634.004 | 7363757327 66,146 67.208
VW335 2572732.091 | 7363720662 66,365 £5.502 PROJEGT
[EED] 2522732046 | 7363710534 66385 B5.548
MW34S 2522755728 | 7363668425 85733 £4.604 ENVIRONMENTAL MONITORING
W34 2522754.532 | 73636B7.435 65.397 64.779 PROGRAM
MW3sL 2522791.324 | 7363600.597 64.443 §4.041 CRANE MOUNTAIN LANDFILL
MW3I5SS1 | 2522790.648 | 7363602.101 64513 4,165
MW3ES2 | 2522789.758 | 7363603.684 64.788 B4.270
MW3TS 2522832440 | 7363782138 62,846 61.881 DRAWING
MUWIEL 2522844 _TRE T363748.257 63.377 62440
MW385 2522845339 | 7363747.768 63.508 62463
NIW3EL 2577844761 | 7362748322 63408 £2.440 MONITORING WELL LOCATIONS
MW3DAA/2/3 | 252087487 | 7363660.134 51.341 60.847
MW395 2522870562 | 73BI6TL6TS 82711 B1.717
MW435 2522721.596 T362683.403 71.835 71.254
[TE] 2522722321 | 7362664507 71.705 71158 SCALE
MWAEL 2523395.091 | 7363118.097 58678 57.908
MWAEL 2623305853 | 7363118.658 58835 57.850 1:10000
MW51S1 2522832.630 | 7363522.872 64,359 m
NMWS1S2 | 2522833.273 | 7363520.578 64.865 64.283
MWSZ0 | 2622479.378 | 7362965.975 77.348 77.348 0 200 400 600m
MNE2S 2522482018 | 7362067.328 78239 77237 EILE NO. DRAWING
MWS3D 2522118717 TIGZTIE.402 102_564 101.912 46620908 FIGURE 1
MWE4S 2522846577 | 7363425990 §5.807 65.018
MIWG4L 2527845076 | 7363424.888 65778 £5.042 P
MWE5S 2522925559 | 7363290242 £4.303 63.690 )
MWESS | 2522043388 | 7363224.005 56.214 i ‘ A
MWSTS 2523210777 7353852 681 53.084 52.288
MWV570 2523211832 | 7363662.940 52450 52.460 TiNG ENGINEERS
AND JCIENTISTS
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