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Executive Summary 
This document provides a technical and environmental assessment of the use of extruded 
polystyrene (XPS) and expanded polystyrene (EPS) foam materials in the foundation systems 
required for the Peterborough–Ottawa segment of the proposed Alto High-Speed Rail (HSR) corridor. 
Based on the experiences in other jurisdictions, these materials are essential components of cold-
climate HSR subgrade engineering, yet their quantities, costs, long-term environmental footprints, 
and end-of-life liabilities have received no discussion in Alto’s public documentation to date. 
This analysis estimates material volumes for routes chosen through both corridors currently under 
consideration, with particular attention to soft-ground treatment requirements driven by Leda clay 
deposits, wetland crossings, and organic soils. The environmental impact of styrene-based foam 
materials is assessed across three phases: manufacturing, operational service life, and 
decommissioning. The findings indicate that any roue through the southern corridor would require 
substantially more EPS geofoam than one chosen through the northern corridor, carrying a 
corresponding increase in environmental liability, lifecycle cost, and waste management complexity. 
 

 Key Findings 
A route through the southern corridor is estimated to require 2.0–3.0 times more EPS 
geofoam than one chosen through the northern corridor for the Peterborough–Ottawa 
segment, driven by greater exposure to Leda clay, karst terrain drainage complications, 
and wetland crossings. This differential represents an estimated $124–$160 million in 
additional construction cost and a significant unquantified long-term environmental 
liability. Alto’s public consultation documents contain no geotechnical comparative 
analysis of this kind. 

 

1. Background: Foam Insulation and Geofoam in HSR 
Engineering 

1.1 Why Polystyrene Foam is Used in HSR Subgrade Construction 
High-speed rail requires substantially more precise track geometry than conventional rail. At 
operating speeds of 250–360 km/h, track irregularities of even a few millimetres can cause passenger 
discomfort, accelerated wear, or safety-critical instability. This tolerance requirement drives the need 
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for highly engineered subgrade systems that eliminate differential settlement, frost heave, and 
dynamic load-induced deformation. 
Two distinct categories of polystyrene foam serve different but complementary engineering functions 
in HSR foundation systems: 
 

• XPS (Extruded Polystyrene): Dense, closed-cell rigid foam manufactured by extruding 
polystyrene through a die with a blowing agent. Used primarily as a thermal insulation layer 
beneath the track formation to prevent frost penetration into the subgrade. 

• EPS (Expanded Polystyrene) Geofoam: Lightweight, open-cell foam blocks manufactured 
by expanding polystyrene beads in moulds. Used as a structural fill material in 
embankments over soft, compressible soils, where conventional granular fill would impose 
unacceptable loads. 

1.2 XPS: Frost Protection in Northern Climates 
Ontario’s climate produces frost penetration depths of 1.2–1.8 metres in the Peterborough–Ottawa 
corridor. Without thermal insulation, repeated freeze-thaw cycling of frost-susceptible subgrade 
materials (silts, clays, tills) causes progressive heaving and settlement that destroys track geometry. 
XPS boards are laid continuously beneath the ballast mat or concrete slab at depths calculated to 
maintain subgrade temperatures above 0°C throughout the winter. 
Standard practice on Scandinavian HSR projects, applicable to equivalent Canadian climatic 
conditions, and heavy rail projects specifies XPS at 75–100 mm thickness, with an 8–10 metre width 
covering the full formation width. XPS is preferred over EPS for this application due to its lower long-
term moisture absorption (typically < 0.3% by volume after prolonged exposure) and higher 
compressive resistance (150–700 kPa depending on density class), which prevents creep 
deformation under sustained ballast and train loading. 

1.3 EPS Geofoam: Lightweight Embankment Fill 
EPS geofoam blocks have a bulk density of approximately 15–30 kg/m³, compared to 1,800–2,000 
kg/m³ for granular fill. This makes them approximately 1–2% of the weight of equivalent soil fill, 
dramatically reducing the stress imposed on soft, compressible subgrades. 
In HSR contexts, EPS geofoam is used in three primary configurations: 

• Embankment fill over soft ground: Replacing conventional granular fill over Leda clay, peat, 
or organic deposits where consolidation settlement under conventional fill loads would 
exceed acceptable limits. 

• Bridge approach wedges: Graduated fill at abutment transitions to reduce the stiffness 
differential between the rigid bridge structure and the flexible embankment, mitigating the 
‘bump at the end of the bridge’ effect that drives maintenance costs. 

• Retaining structure backfill: Lightweight fill behind retaining walls to reduce lateral earth 
pressure, enabling thinner wall sections in cut zones. 
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2. Corridor Characterization: Peterborough to Ottawa 

2.1 Segment Overview 
The Peterborough–Ottawa segment spans approximately 270 km through highly variable terrain. The 
two candidate corridors present fundamentally different geotechnical profiles that drive divergent 
insulation and geofoam requirements. 
 

Parameter Northern Route (Hwy 7) Southern Route (Frontenac 
Arch) 

Total length ~270 km ~270 km 

Dominant geology Meta-sedimentary rock, 
competent till 

Precambrian granite, karst 
limestone, Leda clay 

Soft ground exposure ~10–15% of route ~25–30% of route 

Leda clay sections ~20–30 km (Ottawa 
approaches) 

~40–60 km (Ottawa 
approaches + South Nation 
valley) 

Wetland / organic crossings ~15–25 km ~30–45 km 

Karst / sinkhole risk Low Moderate to High 

Average embankment height over 
soft ground 

3.0 m 4.0 m 

 

2.2 Leda Clay Zones 
Leda clay (also known as quick clay or sensitive marine clay) is a post-glacial marine deposit found 
extensively in the Ottawa–St. Lawrence lowlands. It was deposited in the Champlain Sea between 
approximately 10,000 and 8,000 years before present and is characterized by extremely high water 
content, low shear strength, and a tendency toward catastrophic liquefaction upon disturbance. The 
1971 Saint-Jean-Vianney landslide, which killed 31 people, and the 2010 Saint-Jude slide are 
examples of Leda clay failure events. 
For HSR embankment construction, Leda clay cannot support conventional granular fill loads without 
triggering consolidation settlements of 0.5–1.5 metres over 5–10 years following construction. This 
renders conventional fill technically unacceptable for HSR, where post-construction settlement 
tolerance is typically < 5 mm over any 10-metre chord length. 
The southern corridor’s greater exposure to Leda clay deposits in the valleys between Smiths Falls 
and Ottawa substantially expands the length of corridor requiring EPS geofoam treatment. 

2.3 Wetland and Organic Soil Crossings 
Both corridors cross wetland complexes associated with the Rideau, Mississippi, and Madawaska 
river systems. Organic soils (peat and muskeg) present similar challenges to Leda clay: high 
compressibility, long consolidation timescales, and very low bearing capacity for conventional fill. The 
southern route crosses a greater total length of wetland terrain, including portions of the Frontenac 
Arch Biosphere Reserve and its associated provincially significant wetland complexes. 
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2.4 Karst Terrain and Drainage Complications 
The southern corridor traverses zones of Ordovician limestone on the Kingston and Napanee plains 
and near the Rideau Lakes area. Karst terrain, characterized by dissolved limestone creating voids, 
caves, sinkholes, and unpredictable drainage, creates additional complications for both EPS geofoam 
and XPS installation. Differential void collapse can destabilize geofoam fills; groundwater drainage 
through karst conduits creates channels for contaminant transport that would normally be attenuated 
in intact soil. This is particularly relevant to the environmental impact analysis of styrene additives 
and fire-retardant chemicals. 

3. Quantity Estimates 

3.1 XPS Frost Insulation: Both Corridors 
XPS frost insulation is applied essentially continuously along the full length of the formation, 
regardless of corridor, as both routes experience equivalent climatic frost penetration depths. 
Quantities are therefore approximately equal between northern and southern routes. 

Parameter Value Basis 

Route length 270,000 m Approximate corridor length 

Formation width covered 8.0 m Standard HSR slab track or 
ballasted formation 

Board thickness 0.075 m (75 mm) Frost depth requirement, Ontario 
Zone 5 

Total XPS volume 162,000 m³ 270,000 × 8.0 × 0.075 

XPS mass (at 35 kg/m³) ~5,670 tonnes Estimated density mid-range 

Installed unit cost (2024 CAD) $180–$220/m³ Ontario infrastructure market 

Estimated installed cost $29–$36 million Full segment 

3.2 EPS Geofoam: Northern Corridor 
The northern corridor’s competent meta-sedimentary geology and lower wetland density substantially 
reduces soft-ground treatment requirements. EPS geofoam is estimated to be required over 
approximately 10–15% of the route length, concentrated primarily in the Ottawa valley approaches. 

Parameter Low Estimate High Estimate 

Soft-ground route length 27,000 m 40,000 m 

Average embankment base width 12.0 m 12.0 m 

Average geofoam fill depth 3.0 m 3.5 m 

Total EPS geofoam volume 972,000 m³ 1,680,000 m³ 

EPS mass (at 20 kg/m³) ~19,440 tonnes ~33,600 tonnes 

Installed unit cost (2024 CAD) $60/m³ $80/m³ 

Estimated installed cost ~$58 million ~$134 million 
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3.3 EPS Geofoam: Southern Corridor 
The southern route’s greater exposure to Leda clay, organic wetland soils, and karst terrain drainage 
complications substantially increases soft-ground treatment requirements. Additional foundation 
measures (geosynthetic reinforcement, wick drains, surcharge preloading) may also be required in 
parallel, but these costs are not included in the geofoam estimate below. 
 

Parameter Low Estimate High Estimate 

Soft-ground route length 65,000 m 80,000 m 

Average embankment base width 12.0 m 14.0 m 

Average geofoam fill depth 3.5 m 4.5 m 

Total EPS geofoam volume 2,730,000 m³ 5,040,000 m³ 

EPS mass (at 20 kg/m³) ~54,600 tonnes ~100,800 tonnes 

Installed unit cost (2024 CAD) $60/m³ $80/m³ 

Estimated installed cost ~$164 million ~$403 million 

3.4 Comparative Summary 
 

Category Northern Route Southern Route Differential 

XPS insulation volume 162,000 m³ 162,000 m³ None 

XPS insulation cost $29–$36M $29–$36M None 

EPS geofoam volume (mid-
range) 

~1.3M m³ ~3.9M m³ +~2.6M m³ southern 

EPS geofoam cost (mid-
range) 

~$96M ~$283M +~$187M southern 

Total foam materials cost ~$125–$170M ~$312–$439M +$187–$269M southern 
 

4. Environmental Impact: Manufacturing Phase 

4.1 Raw Material: Polystyrene and Fossil Fuel Dependency 
Both XPS and EPS are derived from styrene monomer, which is synthesized from ethylbenzene, itself 
derived from benzene and ethylene — both petroleum and natural gas feedstocks. Polystyrene is 
therefore a non-renewable, fossil fuel-derived material with an energy-intensive manufacturing 
process. 
The embodied carbon of polystyrene foam materials, while much lower per unit volume than concrete 
or steel, accumulates significantly at the quantities required for a major HSR corridor. Preliminary 
estimates for the full foam quantity on the Peterborough–Ottawa segment are as follows: 
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Material Mass (southern, 
mid) 

Embodied CO₂ 
factor 

Estimated CO₂ 
(tonnes) 

XPS insulation ~5,670 t ~3.0 kg CO₂/kg ~17,010 t CO₂ 

EPS geofoam (southern) ~77,700 t ~2.5 kg CO₂/kg ~194,250 t CO₂ 

EPS geofoam (northern) ~26,520 t ~2.5 kg CO₂/kg ~66,300 t CO₂ 

Total (southern route) — — ~211,260 t CO₂ 

Total (northern route) — — ~83,310 t CO₂ 
 
Note: Embodied carbon factors for polystyrene foam are sourced from the Inventory of Carbon and Energy (ICE) database 
(University of Bath) and the European Plastics in Buildings database. These figures do not include transport to site, 
installation plant, or ancillary materials. 

4.2 Blowing Agents in XPS Manufacture 
XPS insulation boards are manufactured using blowing agents — gases that create and stabilize the 
closed-cell foam structure. Historically, XPS was manufactured using hydrochlorofluorocarbons 
(HCFCs), which are powerful greenhouse gases and ozone-depleting substances. While the Montreal 
Protocol has phased out most HCFC blowing agents in developed nations, many XPS products still 
use hydrofluorocarbons (HFCs) or blended agents with Global Warming Potentials (GWPs) of 700–
1,400 times CO₂ over 100 years. 
European manufacturers have largely transitioned to CO₂-blown or hydrofluoroolefin (HFO) systems 
with GWPs of less than 10. Canadian and North American manufacturers are in transition, but market 
penetration of low-GWP XPS is not yet universal. At the procurement stage for an HSR project of this 
scale, specification of low-GWP blowing agents should be a contractual requirement. 
 

 Policy Implication 
Alto’s environmental assessment obligations under CEAA 2012 (or its successor) should 
include a requirement for manufacturers to disclose blowing agent type and GWP. Failure 
to specify this in the design criteria could result in XPS procurement with effective 
embodied carbon 5–10 times higher than the estimates in this document. 

4.3 Fire Retardant Additives 
Both EPS and XPS products intended for civil engineering use typically incorporate brominated or 
phosphorus-based flame retardants to meet fire codes. The most common additive historically used 
in EPS is hexabromocyclododecane (HBCD), which was listed as a Persistent Organic Pollutant 
under the Stockholm Convention in 2013 and is now banned for most uses in Canada and the 
European Union. Replacement flame retardants include polymeric flame retardants (PolyFR) and 
other alternatives. 
Flame retardant compounds in buried foam materials can leach into groundwater over time, 
particularly in the presence of sustained moisture infiltration. This is of heightened concern in karst 
terrain (southern corridor), where contaminants can migrate through limestone conduits over 
distances of tens of kilometres with minimal attenuation, reaching sensitive wetlands, springs, and 
municipal water intakes. 
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5. Environmental Impact: Operational Service Life 

5.1 Chemical Leaching from Buried EPS Geofoam 
EPS geofoam placed in groundwater-influenced zones (below the water table, in wetland margins, or 
subject to seasonal saturation) is subject to slow chemical leaching over the operational lifetime of 
the infrastructure. Research published in Environmental Science & Technology and related journals 
has identified styrene monomer, oligomers, and additive chemicals as detectable in groundwater 
adjacent to buried polystyrene insulation and geofoam installations. 
Key leachate compounds of concern include: 
 

• Styrene monomer: A potential human carcinogen (IARC Group 2B) and neurotoxin at 
elevated concentrations. Styrene has an aquatic guideline value of 20 μg/L under Canadian 
Council of Ministers of the Environment (CCME) freshwater quality guidelines. 

• Pentane: Used as a blowing agent in EPS manufacture; flammable and an air quality 
concern during installation, with lower environmental persistence than styrene. 

• Flame retardant residues: Depending on additive chemistry, leaching of brominated or 
organophosphate compounds is possible, with potential endocrine-disrupting effects on 
aquatic organisms. 

• Oligomers and cyclic dimers/trimers of styrene: Emerging contaminants with limited 
regulatory frameworks but growing evidence of aquatic toxicity. 

 

5.2 Particular Risks on the Southern Corridor 
The combination of EPS geofoam installation at greater volume, proximity to karst conduits, and the 
presence of provincially and federally significant wetland ecosystems on the southern route creates 
a materially higher risk profile for operational-phase chemical leaching than the northern corridor. 
The Frontenac Arch Biosphere Reserve and its associated Key Biodiversity Areas (KBAs) contain 
habitat for federally threatened and endangered species including the grey ratsnake (Pantherophis 
spiloides), Blanding’s turtle (Emydoidea blandingii), and the eastern spiny softshell (Apalone 
spinifera). Groundwater quality degradation in these ecosystems could affect breeding and foraging 
habitat for these species without triggering visible surface disturbance. 

5.3 Physical Fragmentation and Microplastic Generation 
EPS is mechanically fragile and breaks into small beads (2–5 mm) and sub-millimetre fragments 
under compressive cycling, freeze-thaw stress, and UV exposure. While buried geofoam is not 
directly exposed to UV radiation, edge sections, drainage boundaries, and any zones of differential 
settlement or frost heave can expose fragmented EPS to drainage pathways. 
Polystyrene microplastics have been detected in freshwater and marine environments globally and 
have been identified in the tissues of fish, macroinvertebrates, and aquatic birds. The migration of 
EPS beads from construction sites and drainage outfalls during and after installation is documented 
in construction environment monitoring literature, though monitoring of long-term operational leakage 
from buried geofoam is not standard practice in Canadian infrastructure projects. 
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5.4 Settlement Monitoring and Maintenance Costs 
EPS geofoam has demonstrated long-term performance in infrastructure applications, with 
documented service lives exceeding 50 years in Norwegian and North American highway 
applications. However, it is subject to long-term creep under sustained compressive load, particularly 
at load intensities exceeding 1% of its unconfined compressive strength. 
For HSR applications, where vertical track geometry must be maintained within 5 mm over a 10-metre 
chord length throughout a 100-year design life, this creep potential requires: 
 

• Periodic geometric surveying of the track formation using track recording vehicles (typically 
quarterly or semi-annually). 

• Pre-construction creep testing of specified EPS grades under anticipated load conditions, 
referenced to ISO 844 or ASTM D1621. 

• Contingency allowance for differential settlement at the transitions between geofoam-
supported embankments and conventional fill or rock-founded sections — a historically 
problematic zone in geofoam applications. 

6. Decommissioning and End-of-Life 

6.1 Design Life vs. Infrastructure Life 
HSR infrastructure is conventionally designed and amortized over a 40–100 year service life, 
depending on the component. Civil earthworks (embankments, cuttings, tunnels) are typically 
designed for 100 years or more. EPS geofoam and XPS insulation boards are warranted by 
manufacturers for 50–75 years in buried applications, with some field evidence of performance 
extending beyond 50 years in non-frost-heave conditions. 
However, infrastructure decommissioning, whether due to route obsolescence, alignment 
modification, major incident, or economic abandonment, requires removal of all engineered materials 
including buried foam. The decommissioning liability for polystyrene foam at the volumes estimated 
for the Peterborough–Ottawa segment is substantial and has not been addressed in any Alto public 
documentation. 

6.2 Removal Challenges 
Removal of buried EPS geofoam presents the following engineering and environmental challenges: 

• Depth and access: Geofoam embankments on the scale required for Leda clay crossings 
(3–5 metres depth) require significant excavation and dewatering, with associated risks of 
triggering Leda clay instability. 

• Fragmentation during excavation: Mechanical excavation of buried EPS with standard 
equipment results in extensive fragmentation, generating polystyrene debris and 
microplastic contamination of the excavation zone. 

• Groundwater dewatering: Excavation in Leda clay or high-water-table wetland zones 
requires active dewatering, which can mobilize leachate and microplastic-laden water that 
must be treated before discharge. 

• XPS removal: While XPS insulation boards are more intact than EPS and may be 
removable as slabs in favourable conditions, they are typically bonded to the concrete slab 
or formation surface and require mechanical breaking. 
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6.3 Recyclability and End-of-Life Options 
Polystyrene foam is technically recyclable but faces significant practical barriers: 
 

End-of-Life Option Technical 
Feasibility 

Practical 
Availability 

Notes 

Mechanical recycling 
(re-pelletizing) 

High (clean EPS) Limited Requires clean, uncontaminated foam; 
soil-contaminated EPS is typically 
rejected 

Chemical recycling 
(dissolution/pyrolysis) 

Medium Very limited Emerging technology; not at scale for 
civil engineering volumes 

Energy recovery 
(incineration) 

High Available Generates CO₂ and HBr if brominated 
FR present; regulated under CEPA 

Landfill disposal High Available EPS is bulky; volume reduction 
required; not biodegradable 

Re-use in other civil 
projects 

Medium Possible if 
intact 

Requires condition assessment; 
contamination screening required 

 
For the volume of EPS geofoam estimated for the southern corridor (~3.9 million m³ mid-range), 
recycling or recovery at scale would require infrastructure that does not currently exist in Ontario at 
adequate capacity. Decommissioning cost estimates for comparable highway and rail geofoam 
applications suggest removal, transport, and disposal costs of $15–25/m³, yielding a 
decommissioning liability of approximately $58–$97 million for the southern route geofoam alone at 
mid-range volume estimates. 

6.4 Contaminated Foam: Additional Liability 
EPS geofoam that has been in service for 50+ years in groundwater-influenced conditions, or that 
was manufactured with legacy flame retardant additives (particularly HBCD), may be classified as 
contaminated material requiring disposal under special waste regulations. Under Ontario Regulation 
347 (General — Waste Management) and the Canadian Environmental Protection Act, polystyrene 
waste containing HBCD is classified as a Schedule 1 substance requiring controlled handling. 
The potential for HBCD-contaminated EPS to be present in long-term infrastructure is real: HBCD 
was the industry standard flame retardant for EPS until approximately 2015–2017. EPS installed in 
the early years of a potential Alto construction window (if procurement begins in the late 2020s) could 
potentially still use legacy or transitional formulations. If Alto’s EPS specifications do not explicitly 
prohibit HBCD and specify confirmed alternative FR chemistry, decommissioning liability could be 
significantly higher. 
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6.5 Decommissioning Liability: Summary 
 

Decommissioning Item Northern Route Southern Route 

EPS geofoam removal (mid-
range volume) 

~$15–$34M ~$58–$97M 

XPS insulation removal (both 
corridors equal) 

~$8–$16M ~$8–$16M 

Soil remediation (leachate 
zones) 

Low to medium Medium to high 

Microplastic site cleanup Not currently costed (no 
standards) 

Not currently costed (no 
standards) 

Contaminated foam disposal 
premium 

Possible (HBCD) Possible (HBCD) 

Total estimated 
decommissioning range 

$23–$50M $66–$113M 

7. Policy Gaps and Recommendations 

7.1 Absence of Geotechnical Comparative Analysis in Alto Documentation 
Alto’s public consultation materials, including the Preliminary Project Description released in 2024, 
contain no comparative geotechnical analysis of the foundation engineering requirements for 
alternative corridor alignments. The quantities, costs, environmental risks, and decommissioning 
liabilities associated with foam insulation and geofoam materials are nowhere addressed. This 
represents a material gap in Alto’s disclosure obligations under the Impact Assessment Act (IAA) and 
leaves public participants unable to evaluate the relative merits of corridor options on a technically 
informed basis. 

7.2 Recommendations for Alto and the Impact Assessment Process 
• Alto should be required to publish a geotechnical baseline study for both candidate 

corridors, including CPT (cone penetration test) and borehole data sufficient to characterize 
Leda clay extent, depth, and sensitivity, wetland and peat depths, and karst void risk zones. 

• The Environmental Impact Statement required under the IAA should include a lifecycle 
environmental assessment of all major polymer and synthetic materials used in foundation 
construction, including embodied carbon, operational leaching risk, and decommissioning 
costs. 

• Alto’s project specifications should explicitly prohibit the use of HBCD flame retardants and 
require low-GWP blowing agents in all XPS procurement. 

• Decommissioning cost provisions for buried polymer materials should be included in the 
project’s financial disclosure and Infrastructure Canada funding application, as they 
represent a long-term public liability not currently captured in any published cost estimate. 

• A Parliamentary Budget Officer review of the full lifecycle cost of Alto should include a line 
item for geotechnical material quantities and decommissioning, informed by the quantity 
estimates in this document and analogous international comparators including HS2 and the 
Scandinavian high-speed rail expansion programmes. 
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8. Methodological Notes and Limitations 
All quantity estimates in this document are based on publicly available geotechnical and geological 
information for the Peterborough–Ottawa region, including Natural Resources Canada surficial 
geology mapping, Ontario Geological Survey open-file data, and published research on Leda clay 
distribution by the Geological Survey of Canada. They are not based on project-specific geotechnical 
investigation data, as none has been publicly released by Alto. 
Estimates represent plausible ranges for planning and policy purposes and should be treated as 
order-of-magnitude indicators rather than engineering quantity take-offs. Actual quantities will depend 
on the specific horizontal and vertical alignment chosen, the results of corridor-specific geotechnical 
investigation, and the foundation design approach selected by Alto’s engineers. 
Embodied carbon figures draw on the ICE database v3.0 and published literature on polystyrene 
foam life cycle assessment. Decommissioning cost estimates are extrapolated from published case 
studies for highway geofoam projects in Norway (E39 coastal highway programme) and the United 
States (New York State DOT geofoam programs). 
This document has been prepared by citizen researchers and has not been peer-reviewed. It is 
intended to inform public policy discussion and to identify information gaps in Alto’s public disclosure. 
It does not constitute engineering advice. 
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