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Impact Assessment Agency of Canada Nottawasaga@iaac-aeic.gc.ca 

600 – 55 York Street 

Toronto, ON  M5J 1R7 

and  

Georgian Bay Pumped Storage (GBPS)   E-MAIL  

Under the Reservoir Impact Group   paul.young@bell.net 

Ratepayers of Ontario 

 

Re: Proposed Ontario (Georgian Bay) Pumped Storage Project 

 More Favourable Alternative DND Site Southwest of Cape Rich  

 Hunter Fourth Submission (IAAC Reference No. 89803) 

To All: 

This is part of the Hunter Fourth Submission to IAAC with regard to the proposed Ontario (Georgian Bay) 

Pump Storage Project and includes conclusions and recommendations.  

This submission addresses the environmental assessment of the Proponent-selected Garrison Site through 

a series of Open and Closed Artificial Intelligence (AI) Queries (see enclosed index) and identifies an 

alternative Closed-Loop Pumped Storage Site southwest of Cape Rich on DND lands free of significant 

‘built’ military infrastructure (Fig H.4.4.5.R and H.4.4.4).   

This Fourth Submission complements but does not replace Hunter’s prior three submissions, including 

Visuals, to IAAC on April 26, 2026 (Ref # 237, 239 and 240).  This letter also includes selected previously 

submitted Visuals, some slightly revised, including a number of 3D perspectives. 

This submission is intended to assist IAAC in constructing its Tailored Impact Assessment.   

 

AI Public Issues Summary (27 Pages replaces nearly 2,000) 

1. Notwithstanding the IAAC Summary of Issues and the TC Energy Response, and to ensure that the 

nearly 2,000 pages of Public Submissions receive as equitable and objective treatment as possible, a 

set of ‘Closed’ AI Issue Queries of the public submission document stack including attachments was 

undertaken. These AI Queries excluded IAAC, TC Energy and MECP documents.  These Issue 

Queries have reduced the document stack to 27 manageable readable summary pages (see previously 

delivered Appendix H.4.B.1).    

2. These Issue Queries and the actual document content queried, shape the AI results. No manual editing 

of AI results has been undertaken. The reader should however consult the original submitted 

documents and identified bibliographic references on Key Issues to verify content.  

3. Circulation of Appendix H.4.B.1 Issue results to members of the public did not elicit objection to the 

content. 
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4. The Proponent, with the exception of two schematic Figures in the IPD, has elected not to share 

site investigations and conceptual engineering design details. This lack of transparency and 

sharing with the Public may extend IAAC Project timelines and / or continue to compromise 

the results of the ongoing assessment process and adversely impacts Public Trust. 

5. Indeed, this incomplete IPD Impact Assessment has precluded the opportunity for the Public 

to participate fully and meaningfully at this stage (Impact Assessment Act (IAA) Feb 4, 2026, 

para 10(1), 112(1)(a), 15(1.1) and 11). 

6. IAA para 22(1) includes the following factors that must be considered.  These do not appear to 

have been considered to date in this assessment process. 

(a)(i) the effects of malfunctions or accidents that may occur in connection with the designated project. 

(b) mitigation measures that are technically and economically feasible and that would mitigate any 

adverse effects of the designated project. 

(e) alternative means of carrying out the designated project that are technically and economically 

feasible, including through the use of best available technologies, and the effects of those means; 

(f) any alternatives to the designated project that are technically and economically feasible and are 

directly related to the designated project; 

 

Public Submissions - For and Opposed to Project 

7. For the 325 April 6, 2026 Public Submissions, only 20 outright supported the Project with an 

additional 8 supporting with concerns (total less than 10%). The Project was directly opposed 

by 200 Public Submissions with an additional 97 submissions expressing concerns (total more 

than 90%).  

8. However, a number of the Public Submissions may not have been opposed to the Project but were 

opposed to the location of the Reservoir at the Garrison Site in the Warren Hill Creek headwater 

tributary catchment shared with civilian lands, opposed to an Open-Loop Pumped Storage system 

and/or opposed to a location which constrained expansion of the Garrison military infrastructure 

support facilities site. 

9. There are many experienced and high-quality public submissions in this package supported by 

substantive local, environmental and engineering knowledge and experience.  A number of these 

submissions required significant effort to prepare. 

 

Best Impact Assessment Data Available at this Date 

10. In the absence of comprehensive environment assessment issues and due to the deficiencies of the 

Initial Project Description, a number of Open and Closed AI Queries were run (see Appendices).The 

AI source content is referenced for audit purposes. The responses to these Queries are considered 

reasonable under the circumstances. 

11. I am familiar with the Ontario Land Tribunal Practise Direction in the use of Artificial Intelligence 

in Tribunal Proceedings (Jan 29, 2026).  
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12. These Open and Closed AI Queries are the best impact assessment data available at this time 

to support the IAAC comprehensive development of the 'Tailored Impact Statement'. These AI 

Environmental Assessment Queries will need to be rerun or replaced after further review with 

new verified content at a later date.  

13. However, the Garrison Reservoir Site and focus of Pumped Storage Infrastructure activities in 

the Warren Hill Creek headwater tributary catchment are not acceptable to the civilian 

neighbour population.  

14. The time is now to revisit the Garrison Pumped Storage site selection and discard Open-Loop 

design, to minimize adverse Project Environmental Impacts and accelerate the IAAC timelines. 

 

Public Expectations of IAAC and TC Energy 

15. The Public, including taxpayers and ratepayers, are looking for a comprehensive factual integrated 

multi-disciplinary and multi-jurisdictional environment assessment with full, transparent disclosure 

of ongoing site investigations and with a reasonably detailed conceptual engineering design to 

support a realistic environmental assessment.  

16. The IAAC process at present is not multi-jurisdictional as it does not consider transmission issues 

and places little emphasis on impact issues related to adjacent civilian lands downgradient of the 

designated Project Area (adverse effects within federal jurisdiction). 

17. The Project is not feasible without a High Voltage Transmission connection at Owen Sound or 

Stayner or beyond. 

18. The IAAC Summary of Issues (April 17, 2026, Ref. No. 329) does note the importance of considering 

energy storage and alternative means of carrying out the Project but does not embrace Alternative 

Pumped Storage Site Selections and Assessment. 

19. The IAAC requires a comprehensive Alternatives Assessment during the Planning Phase including 

Alternatives to the Project and Alternative Locations (see para 6 above). 

20. The Proponent (pg 12) of the May 14, 2026 Response to IAAC Summary of Issues confirmed it 

does not intend to further advance consideration of other available alternative Storage 

Technologies.  The Response is silent on alternative sites for Pumped Storage. 

21. The Proponent Response is promissory, and mitigation is guideline not avoidance based.  

22. We trust the IAAC will respect the comprehensive Public input and facilitate this complex 

multi-jurisdictional process as it develops its Tailored Impact Assessment Guidelines. 

 

 

Comprehensive Integrated Environmental Framework 

23. The AI Query Set as available at this date, in total, forms a comprehensive integrated 

environmental framework which is expected to assist IAAC designated subject matter experts 

and others in objectively and efficiently contributing their experience to this assessment. 
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24. As stated previously, these AI Queries would have been even more effective, objective, balanced and 

targeted, if the Proponent had contributed as input content, its extensive non-disclosed site 

investigations and preliminary engineering designs as frequently referenced in the IPD and Response 

documents.  

25. Nevertheless, we now have sufficient environmental information to draw high level conclusions 

and make alternative site recommendations going forwards to IAAC. 

26. It continues to be apparent that the Proponent selected Garrison Pumped Storage Reservoir 

Site, despite being proposed on the highest plateau overlooking Nottawasaga Bay with deep 

underground tunnel and powerhouse infrastructure and Open-Loop design, has significant 

and unacceptable adverse environmental effects (Fig H.4.1.1, H.4.1.4, H.2.3, H.3.1 and H.3.2).  

Alternative Pumped Storage Site Southwest of Cape Rich - Advantages 

27. Hunter is not aware of other more suitable Pumped Storage sites on the Southern Ontario Great Lakes 

shorelines outside of the DND site.  

28. In the alternative, subject to a proponent objective cost / technical comparison of long duration, 

lengthy transmission dependent Pumped Storage with short existing transmission or 

generation connected Battery Electric System Storage, Hunter proposes Closed-Loop upper 

and lower (or lower lake shore hybrid) storage reservoirs, with mainly above ground headraces 

and tailraces on DND lands southwest of Cape Rich (Fig H.4.4.5.R).  

29. The potential hydraulic head for an approximated  20 m high ring dam at the Garrison Site is 193 m 

and for the Cape Rich lake shore Site 174 m (same as specified in the IPD) or 140 m at the post-

glacial Lake Nipissing Terrace (Bench) Site (Fig H.4.1.1 and H.4.4.5.R). 

30. The Power House may be located directly on or within the competent Cobourg Formation limestones 

which subject to geologically cored borehole subsurface investigations are interpreted to be at a 

slightly higher elevation near Cape Rich than at the Garrison Reservoir Site. 

31. The alternative Cape Rich lower Closed-Loop Storage Reservoirs are located at a more favourable 

cost distance of 2.6 km and 2.9 km from the Upper Reservoir (Fig H.4.4.5.R) versus the Garrison 

Reservoir at 3.5 km from the outer intake / discharge circle at Black Point (Fig H.4.1.2.R). 

32. These Cape Rich sites are not constrained by built military infrastructure and may be adapted to meet 

or exceed the Proponent specified ‘Initial Project Description’ objectives for Energy Capacity and 

Storage.  

33. These Cape Rich sites preserve the high well drained dolostone Garrison Plateau for DND natural 

expansion of the Garrison facilities infrastructure to meet future increased training needs and 

preserves DND investments in existing built military support infrastructure.  

34. Both Cape Rich Lower Storage Reservoir Closed-Loop sites will impact the Cape Rich ANSI Area 

and Training Area 4 (Fig H.4.4.4). 
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35. The Cape Rich Upper Reservoir will be located partially within the White Phosphorous Approved 

and DUD Producing Areas (Fig H.4.4.4).  Expert clean-up will be required. 

36. The Upper Reservoir also overlaps ongoing munitions impact areas and may require additional 

shielding of Reservoir Ring Dams or adjustments to munitions impact areas. 

 

High Voltage Transmission 

37. The High Voltage Transmission Line, if a surface route is adopted to Meaford Transformer Station 

and beyond, will result in significant forest clearing and adversely impact Training Area 3 on DND 

lands (Fig H.4.4.4). 

38. Surface Transmission Line distance from the Cape Rich Site to the Meaford Transformer Station is 

increased but an underwater route distance to Wasaga Beach is similar. 

39. No environmental or socioeconomic analysis of essential transmission corridors has been undertaken 

by the Proponent.  

40. No actual surface transmission route from Meaford to either Stayner or Owen Sound Transformer 

Stations has been proposed by the Proponent or indeed is the IAAC requiring assessment as an 

essential Project component apparently due to multi-jurisdictional exclusion issues or the proponent 

preference for piecemealing.  

41. Construction, Switchyard, and other operational noise at a site southwest of Cape Rich will not be a 

nuisance to the adjacent civilian population southeast of DND lands.  

 

Minimize Adverse Environmental Effects at Cape Rich Sites 

42. Risk of loss of human life due to Reservoir Breaching is minimized at the Cape Rich location remote 

from Civilian Lands and the Garrison military site (Fig H.4.1.1, H.2.3, H.3.1, H.3.2, H.4.6.1, H.4.6.2, 

H.4.6.3, and H.4.6.4). 

43. An emergency overflow spillway to accommodate 500 m3/s, more or less, is more easily 

accommodated at the Cape Rich sites than at the Garrison site and is remote from DND and civilian 

water intakes.  

44. Location of the pumped storage hydropower infrastructure, mainly above ground, would 

significantly reduce the quantity of Tunnel Boring Machine Muck and Tunnel Dewatering Treatment 

required to be managed to meet drinking and aquatic life water quality discharge standards. 

45. However, underground tunnel powerhouse systems, if determined by the Proponent to be more cost 

advantageous, would still be more favourable at the Cape Rich sites than at the Garrison Site. 

46. Stormwater and Turbidity Management is more easily adaptable and accomplished with the Closed-

Loop system near Cape Rich than in the civilian populated Warren Hill Creek headwater tributary 

catchment (Fig H.4.1.R and H.4.1.4).  
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47. Closed-Loop systems minimize adverse operational effects on the Nottawasaga Bay fisheries and 

aquatic systems. 

48. Closed-Loop systems will reduce fish maceration, foul shoreline putrefaction and scavenger 

populations. 

49. Closed-Loop systems located about 3.2 km north of Black Point minimize adverse operational effects 

on DND, Municipal and Civilian Water Intakes south of Black Point on Nottawasaga Bay (Fig 

H.4.4.5.R). 

50. The DND Black Point and nearby civilian water intakes will likely not be usable during 

Pumped Storage construction and operation at the Garrison Site.  Access to municipal water 

will be required. 

51. The vehicle access and truck haul road gradients along 7th Line and 37 Sideroad are more favourable 

than the alternative very steep 9th Line or Warren Hill Creek Road to the Garrison Site. 

52. Reduced civilian truck traffic impacts due to marine import of materials and balancing of cut and fill 

at the Cape Rich Sites.  

53. Reduced on-site construction greenhouse gas emissions (methane - climate change), especially with 

surface construction instead of deep tunneling. 

54. Reduced safety risk to construction workers in ‘gassy ground’ tunneling conditions.  

55. Reduced safety risk to construction workers tunneling under Nottawasaga Bay with potential tunnel 

flood intrusion in lower glacial lake level submerged bench ravines.  

56. Higher risk of encountering unexploded ordnance and other toxic military contaminants in the Upper 

Reservoir southwest of Cape Rich than at Garrison (Fig H.4.4.4). 

57. Reduced risk at Cape Rich of Black Swan events adversely affecting construction cost estimates 

and budgets.   

 

Conclusions 

58. The vertical layered bedrock geologic formations are very similar at both the Garrison and 

Cape Rich Pumped Storage sites (Fig H.4.4.3).  Nevertheless, cored geological boreholes are 

required to well below the depth limit of the Project. 

59. In my opinion, this Cape Rich Site with Closed-Loop or hybrid design is superior to the 

Garrison Site with less adverse environmental effects for reasons cited above, in the AI  

Appendices,  and in the Hunter IAAC April 6, 2026, references No. 237, 239 and 240. 

60. This Closed-Loop Cape Rich site will avoid many of the adverse effects identified at the 

Garrison Warren Hill Creek headwater tributary catchment site. 
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61. With above ground construction, incorporation of an appropriate wharf in conjunction with 

the Cape Rich Lower Reservoir, there is potential use of Ontario Steel from Sault Ste Marie, 

dolostone from Manitoulin Island, cement powder from Ontario Quarries and fine aggregate 

from pits at the Cape Rich elevated post-glacial Lake Nipissing beaches for construction. 

 

Recommendations 

62. If IAAC ‘Public Interest Determinations’ support long duration Pumped Storage Systems versus 

the more flexible Battery Electric Storage or other equivalent systems located close to generation 

sites and high voltage transmission, this Cape Rich alternative will need to be investigated further. 

63. Continuing ongoing work on the Garrison Pumped Storage Site should be terminated despite 

the obvious Project momentum and likely Proponent inertia to changing sites due to prior and 

ongoing investment in site investigations.  However, these past Garrison site investigations are 

likely also very relevant to the Cape Rich sites due to similar geology.   

64. However, the April 6, 2026 IAAC Public Submissions are overwhelmingly against the Garrison 

Pumped Storage Site or any other Pumped Storage Sites on DND Lands.  These submissions 

strongly support Battery Electric Storage or other emerging systems located close to existing High 

Voltage Transmission Lines or Generation sites. 

Thank you for your consideration. 

Yours truly, 

 

 

 

Garry T. Hunter, M.A.Sc., P.Eng. 

President 

Hunter and Associates 

Enclosures: a)   Index of Previously Submitted Visuals - Georgian Bay (Ontario) Pumped   

                         Storage Hydropower Project (June 1, 2026), Fourth Submission, IAAC Ref No. 89803 

    Visuals available on Request 

 

  b) Index of Previously Submitted AI Query Sets (June 1 to June 5, 2026), Fourth Submission 

   AI Query Set available on Request 

  c) Visuals (New and Selected or Revised from Hunter prior Submissions) 
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Appendix A Public Submissions 

Appendix H.4.A.1 Georgian Bay (Ontario) Pumped Storage Hydropower Project – AI Generated Index of 

IAAC Public Submissions to April 6, 2026  

  (7 pages) 

Appendix H.4.A.2 Georgian Bay (Ontario) Pumped Storage Hydropower Project – Staff Generated List of 

93 Attachments to Public Submissions used in AI Queries  

  (2 pages) 

Appendix H.4.A.3 Georgian Bay (Ontario) Pumped Storage Hydropower Project – Some Errors, Omissions 

and Deficiencies in Public Submissions and related AI Queries  

  (2 pages) 

 

Appendix B Closed Queries 

Appendix H.4.B.1 Georgian Bay (Ontario) Pumped Storage Hydropower Project – Closed AI Query 

Summary of 325 Public Comments (including 93 attachments) submitted to IAAC, plus 

the Meaford Community Readiness Study (1,849 pages) 

  (27 pages) 

Appendix H.4.B.2 Georgian Bay (Ontario) Pumped Storage Hydropower Project – ‘Closed’ AI Summary of 

the Pumped Storage Design Criteria utilizing the Initial Project Description 

  (2 pages) 
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June 1, 2026 

June 1, 2026 

June 1, 2026 

June 1, 2026 

June 2, 2026 
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Appendix H.4.B.3 Georgian Bay (Ontario) Pumped Storage Hydropower Project – ‘Closed’ AI Summary of 

the Pumped Storage Design Criteria utilizing the IAAC Public Submissions 

  (4 pages) 

Appendix H.4.B.4 Georgian Bay (Ontario) Pumped Storage Hydropower Project – Closed AI Query 

Summary of Selected DND Meaford Munitions and Groundwater Contamination Reports 

  (6 pages) 

Appendix H.4.B.5 Georgian Bay (Ontario) Pumped Storage Hydropower Project – ‘Closed’ AI Query 

Summarizing Meaford Water Treatment Plant 5-Year History (2020 to 2024) 

  (11 pages) 

 

Appendix C Open Queries 

Appendix H.4.C.1 Georgian Bay (Ontario) Pumped Storage – Open AI Query on Characteristics of Niagara 

Escarpment Geological Formations at Meaford and Comparison to Sir Adam Beck 

Hydroelectrical Power Station 

  (26 pages) 

Appendix H.4.C.2 Georgian Bay (Ontario) Pumped Storage – Open AI Query on Seismicity and Cyclical 

Reservoir Filling Effects on Pumped Storage Infrastructure 

  (4 pages) 

Appendix H.4.C.3 Georgian Bay (Ontario) Pumped Storage – Open AI Query on Potential Ring Dam 

Breach and Torrential Flooding of Civilian Lands 

  (13 pages) 

Appendix H.4.C.4 Georgian Bay (Ontario) Pumped Storage – Open AI Query on Stormwater Management 

and Turbidity Concerns 

  (12 pages) 

Appendix H.4.C.5 Georgian Bay (Ontario) Pumped Storage – Open AI Query on Value of Nottawasaga Bay 

Sport Fishery to Meaford and Thornbury 

  (4 pages) 

Appendix H.4.C.6 Georgian Bay (Ontario) Pumped Storage (Non-Thermal) – Open AI Query on how the 

Water Intake and Discharge affects the Aquatic Ecosystem in Nottawasaga Bay 

  (22 pages) 

Appendix H.4.C.7 Georgian Bay (Ontario) Pumped Storage – Open AI Query on Climate Change Effects on 

the Nottawasaga Bay Ecosystem 

  (3 pages) 

Appendix H.4.C.8 Georgian Bay (Ontario) Pumped Storage Hydropower Project – Open AI Query on 

Potential Drinking Water and Sanitary Sewer Infrastructure 

  (35 pages) 

SENT 

June 2, 2026 

June 2, 2026 

June 2, 2026 

June 3, 2026 

June 3, 2026 

June 3, 2026 

June 4, 2026 

June 4, 2026 

June 4, 2026 

June 4, 2026 

June 4, 2026 
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Appendix H.4.C.9 Georgian Bay (Ontario) Pumped Storage – Open AI Query on Round Trip Efficiency 

Comparison Pumped and Battery Electric Storage Systems 

  (5 pages) 

Appendix H.4.C.10 Georgian Bay (Ontario) Pumped Storage – Open AI Query on Adverse Impacts on 

Civilian Lands from Activities on Federal Lands 

  (2 pages) 

Appendix H.4.C.11 Georgian Bay (Ontario) Pumped Storage Hydropower Project – Open AI Query on the 

Resolution of Civilian Damage Claims 

  (3 pages) 

Appendix H.4.C.12 Georgian Bay (Ontario) Pumped Storage Hydropower Project – Open AI Query on 

Indigenous Rights of Georgian Bay Floor near Meaford 

  (2 pages) 
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Georgian Bay (Ontario) Pumped Storage Hydropower Project 
Fourth Submission

VISUALS
FIGURE INDEX 

1.0  Proponent's Conceptual Key Project Components 

Fig H.4.1.1 Georgian Bay (Ontario) Pumped Storage Reservoir 3D Perspective – Looking North West 

Reservoir Top Water Area 96.5 ha/ 238.5 ac; Max Hydraulic Head 193m 

Fig H.4.1.2 TC Energy Ontario Pumped Storage Project - Supporting Geospatial Data - Initial Project Description 

(IPD) with 2020 Orthophoto 

Fig H.4.1.3 Georgian Bay Ontario Pumped Storage Hydropower Project - Residential Shortest Distances 

Fig H.4.1.4 Georgian Bay (Ontario) Pumped Storage Reservoir 3D Perspective – Looking North West 

Surface Flow – Leakage, Stormwater, Reservoir Breach 

Fig H.4.1.5 Ontario Pumped Storage Reservoir Proposal, Surface Water Flow 

2.0 Bathymetry 

Fig H.4.2.1  Bathymetry (Depth m below datum) - Georgian Bay (Ontario) Pumped Storage 

Canadian Hydrographic Service, Depth in m 

Fig H.4.2.2 Data received April 15, 2026 

Fig H.4.2.3 Intake / Discharge Zone Bathymetry 

3.0 Sir Adam Beck Hydroelectric Station Pumped Storage Reservoir (174 MW) 

Fig H.4.3.1 Orthophoto (2025) 

Fig H.4.3.2 Topographic Shaded Relief (2m), CGVD2013 

Photos of Sir Adam Beck Pumped Storage, Niagara Falls 

Fig H.4.3.3  20m High Ring Dam Reservoir and Switch Yard 

Fig H.4.3.4  20m High Ring Dam Berm and Niagara Falls Turbidity Plume 

4.0 Alternative at Cape Rich 

Fig H.4.4.1 Georgian Bay (Ontario) Pumped Storage Reservoir 3D Perspective – Looking South West 

Fig H.4.4.2 Bathymetry (Depth m below datum) 

Fig H.4.4.3 Claybanks 3D Perspective, Geological Formations (Project Stratigraphy) – Looking South East 

IAAC Ref No. 89803
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FIGURE INDEX - cont’d 

 

Fig H.4.4.4  Georgian Bay (Ontario) Pumped Storage Reservoir, Meaford Range and Training Area Unusable Land 

Fig H.4.4.5 Georgian Bay (Ontario) Pumped Storage Project - Cape Rich Closed Loop Alternatives at Meaford 

DND (Conceptual) 

 

 

  5.0 Historical Lake Huron Water Levels 

 Fig H.4.5.1 Monthly Water Level Data for Lake Huron at Harbor Beach (9075014) [MI] - Jan 1860 to Apr 2026 

 Fig H.4.5.2 Monthly Water Level Data for Lake Huron at Collingwood (02ED012) [ON] - May 1906 to Dec 2024 

 

  6.0  Historical Discharge Flows Comparisons to Georgian Bay Proposed Pumped Storage Reservoir Estimated 

Torrential Reservoir Breach Flows and Average Daily Cyclical Flows 

 Fig H.4.6.1    Daily Water Flow Data for Niagara River at Fort Erie (02HA013) [ON] - Apr 2011 to Dec 2023 

 Fig H.4.6.2 Daily Water Flow Data for Niagara River at Buffalo NY (4216000) - Jan 1926 to May 2026 

 Fig H.4.6.3 Daily Water Flow Data for St. Mary's River at Sault Ste. Marie (02CA001) [ON] - Jan 1860 to Dec 1993 

 Fig H.4.6.4 Daily Water Flow Data for Bighead River near Meaford (02FB010) [ON] - Apr 1957 to Dec 2025 

 Fig H.4.6.5 Daily Water Flow Data for Beaver River near Clarksburg (02FB009) [ON] - Apr 1957 to Dec 2024 

 Fig H.4.6.6 Daily Water Flow Data for Sydenham River near Owen Sound (02FB007) [ON] - June 1915 to Dec 2025 

 Fig H.4.6.7 Daily Water Flow Data for Nottawasaga River near Edenvale (02ED027) [ON] - Apr 1993 to Dec 2024 

 Fig H.4.6.8 MEMO-Ontario Pumped Storage Project - Initial Project Description (IPD) – Torrential Flow Breach  

   and Daily Cyclical Flow calculations 

 

  7.0 Water Intakes 

Fig H.4.7.1 Meaford, Thornbury and DND Water Intakes 

 Fig H.4.7.2 Meaford and Thornbury Intake Protection Zone 
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VISUALS

FIGURE INDEX 

Fig H.4.1.1 Georgian Bay (Ontario) Pumped Storage Reservoir 3D Perspective – Looking North West 
Reservoir Top Water Area 96.5 ha/ 238.5 ac; Max Hydraulic Head 193m 

Fig H.2.3 Taum Sauk Hydroelectric Power Station (Missouri) Ring Dam Reservoir Failure and Replacement 

Fig H.4.6.1 Daily Water Flow Data for Niagara River at Fort Erie (02HA013) [ON] - Apr 2011 to Dec 2023 

Fig H.4.6.2 Daily Water Flow Data for Niagara River at Buffalo NY (4216000) - Jan 1926 to May 2026 

Fig H.4.6.3 Daily Water Flow Data for St. Mary’s River at Sault Ste. Marie (02CA001) [ON] - Jan 1860 to Dec 
1993 

Fig H.4.6.4 Daily Water Flow Data for Bighead River near Meaford (02FB010) [ON] - Apr 1957 to Dec 2025 

Fig H.3.1 Potential Reservoir Breach Torrential Flooding Hazard Envelope 

Fig H.3.2 Potential Reservoir Breach Torrential Flooding Hazard Envelope - Parcel / Residence Count 

Fig H.4.1.4 Georgian Bay (Ontario) Pumped Storage Reservoir 3D Perspective – Looking North West 
Surface Flow – Leakage, Stormwater, Reservoir Breach 

Fig H.4.1.2.R TC Energy Ontario Pumped Storage Project - Supporting Geospatial Data - Initial Project Description 
(IPD) with 2020 Orthophoto 

Fig H.4.1.R Existing Ludington, Michigan Pumped Storage Reservoir 

Fig H.4.4.3 Claybanks 3D Perspective, Geological Formations (Project Stratigraphy) – Looking South East 

Fig H.4.4.5.R Georgian Bay (Ontario) Pumped Storage Project - Cape Rich Closed Loop Alternatives at Meaford 
DND (Conceptual) 

Fig H.4.4.4 Georgian Bay (Ontario) Pumped Storage Reservoir, Meaford Range and Training Area Unusable Land 

Note: Figure numbering from earlier submissions 

June 12, 2026 9 am      Page 1 of 1 





File Date: May 21, 2026 

Georgian Bay (Ontario) Pumped Storage Reservoir 3D Perspec ve – Looking North West 
Reservoir Top Water Area 96.5 ha/ 238.5 ac; Max Hydraulic Head 193m; Ac ve Water Storage 18.2 million m3 

Data Sources: 

1) LiDAR DTM: LIO GeoHub, MNR (April 27, 2023)
2) Orthophoto: LIO GeoHub, MNR (2020)
3) Table F-1 (Revised), Scenario 2,  Hunter April 6, 2026 IAAC Submission
4) Figure 3-1: Preliminary Project Components, TC Energy Ontario Pumped Storage Project – Ini al Project Descrip on (IPD), Stantec Consul ng Ltd, Feb 24, 2026
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File Date: April 1, 2026 

Pumped Reservoir Storage 
Taum Sauk Hydroelectric Power Station 

 Missouri, United States 

Taum Sauk Ring Dam Replacement (circa April 2010) 

https://fyfluiddynamics.com/2024/11/the-taum-sauk-dam-failure-and-its-legacy/ 

Taum Sauk Ring Dam Failure, Dec. 14, 2005 

https://www.stlpr.org/show/st-louis-on-the-air/2023-11-02/post-dispatch-columnist-finds-self-dealing-drained-taum-sauk-fund

Fig H.2.3
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Daily Water Flow Data for Niagara River at Fort Erie (02HA013) [ON] 
Apr 2011 to Dec 2023

Note: 1. Null values were not included in average calculation.
Source: Flow Data, Water Office Canada 

Torrential Flow Georgian Bay Pumped Storage Reservoir Breach (one-hour)
Estimated between 5,000 and 7,000 m3/s

Georgian Bay Pumped Storage Average Daily Cyclical Flows Estimated between 500 and 700 m3/s 
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Daily Water Flow Data for Niagara River at Buffalo NY (4216000) 
Jan 1926 to May 2026

Note: 1. Source flow data was converted from ft3/s to m3/s.
2. Null values were not included in average calculation.

Source: Flow Data, United States Geological Survey 

Torrential Flow Georgian Bay Pumped Storage Reservoir Breach
(one-hour) Estimated between 5,000 and 7,000 m3/s

Georgian Bay Pumped Storage Average Daily Cyclical Flows Estimated between 500 and 700 m3/s
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Daily Water Flow Data for St. Mary's River at Sault Ste. Marie (02CA001) [ON] 
Jan 1860 to Dec 1993

Note: 1. Null values were not included in average calculation.
Source: Flow Data, Water Office Canada 

Torrential Flow Georgian Bay Pumped Storage Reservoir Breach (one-hour)
estimated between 5,000 and 7,000 m3/s

Georgian Bay Pumped Storage Average Daily Cyclical Flows estimated between 500 and 700 m3/s
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Daily Water Flow Data for Bighead River near Meaford (02FB010) [ON] 
Apr 1957 to Dec 2025

Note: 1. Null values were not included in average calculation.
Source: Flow Data, Water Office Canada 

Georgian Bay Pumped Storage Average Daily Cyclical Flows 
estimated between 500 and 700 m3/s
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Potential Reservoir Breach Torrential Flooding Hazard Envelope 
Fig H.3.1



Potential Reservoir Breach Torrential Flooding Hazard Envelope
Parcel / Residence Count 

Fig H.3.2



File Date: June 1, 2026 

Georgian Bay (Ontario) Pumped Storage Reservoir 3D PerspecƟve – Looking North West 
Surface Flow – Leakage, Stormwater, Reservoir Breach 

Data Sources: 
1) LiDAR DTM: LIO GeoHub, MNR (April 27, 2023)
2) Orthophoto: LIO GeoHub, MNR (2020) 
3) Table F-1 (Revised), Scenario 2,  Hunter April 6,

2026 IAAC Submission
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File Date: June 1, 2026 

Claybanks 3D PerspecƟve, Geological FormaƟons (Project StraƟgraphy) – Looking South East 

Data Sources: 

1) LiDAR DTM: LIO GeoHub, MNR (April 27, 2023)
2) Orthophoto: LIO GeoHub, MNR (2020)
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Georgian Bay (Ontario) Pumped Storage Reservoir 
Meaford Range and Training Area Unusable Land

Mountain Lake

Scale: 1:40,000
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VISUALS

Fourth Submission

 Under the Reservoir Impact Group 

Georgian Bay Pumped Storage 

IAAC Ref No. 89803  

TC Energy Proposed Ontario Pumped Storage 

Hydropower Project  

Near Meaford, Ontario, on Nottawasaga Bay   

Prepared by: 

Garry T. Hunter, M.A.Sc., P.Eng. 
Environmental Systems Planner, Hydrogeologist and Civil Engineer 

Hunter and Associates 

June 1, 2026

Our File No.: 22-402 
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Supporting Visuals Garry T. Hunter, M.A.Sc. P.Eng.   
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Georgian Bay (Ontario) Pumped Storage Hydropower Project 
 

FIGURE INDEX 
 
 

1.0  Proponent's Conceptual Key Project Components 

Fig H.4.1.1 Georgian Bay (Ontario) Pumped Storage Reservoir 3D Perspective – Looking North West 

 Reservoir Top Water Area 96.5 ha/ 238.5 ac; Max Hydraulic Head 193m 

Fig H.4.1.2 TC Energy Ontario Pumped Storage Project - Supporting Geospatial Data - Initial Project Description 

(IPD) with 2020 Orthophoto 

Fig H.4.1.3 Georgian Bay Ontario Pumped Storage Hydropower Project - Residential Shortest Distances 

Fig H.4.1.4 Georgian Bay (Ontario) Pumped Storage Reservoir 3D Perspective – Looking North West 

 Surface Flow – Leakage, Stormwater, Reservoir Breach 

Fig H.4.1.5 Ontario Pumped Storage Reservoir Proposal, Surface Water Flow 

 
 

2.0 Bathymetry 

Fig H.4.2.1  Bathymetry (Depth m below datum) - Georgian Bay (Ontario) Pumped Storage 

 

Canadian Hydrographic Service, Depth in m  

Fig H.4.2.2 Data received April 15, 2026 

Fig H.4.2.3 Intake / Discharge Zone Bathymetry 

 

 
3.0 Sir Adam Beck Hydroelectric Station Pumped Storage Reservoir (174 MW) 

Fig H.4.3.1 Orthophoto (2025) 

Fig H.4.3.2 Topographic Shaded Relief (2m), CGVD2013 

 

Photos of Sir Adam Beck Pumped Storage, Niagara Falls 

Fig H.4.3.3  20m High Ring Dam Reservoir and Switch Yard 

Fig H.4.3.4  20m High Ring Dam Berm and Niagara Falls Turbidity Plume  

 

 
4.0 Alternative at Cape Rich   

Fig H.4.4.1 Georgian Bay (Ontario) Pumped Storage Reservoir 3D Perspective – Looking South West 

Fig H.4.4.2 Bathymetry (Depth m below datum) 

Fig H.4.4.3 Claybanks 3D Perspective, Geological Formations (Project Stratigraphy) – Looking South East 



Supporting Visuals Garry T. Hunter, M.A.Sc. P.Eng.   
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FIGURE INDEX - cont’d 

 

Fig H.4.4.4  Georgian Bay (Ontario) Pumped Storage Reservoir, Meaford Range and Training Area Unusable Land 

Fig H.4.4.5 Georgian Bay (Ontario) Pumped Storage Project - Cape Rich Closed Loop Alternatives at Meaford 

DND (Conceptual) 

 

 

  5.0 Historical Lake Huron Water Levels 

 Fig H.4.5.1 Monthly Water Level Data for Lake Huron at Harbor Beach (9075014) [MI] - Jan 1860 to Apr 2026 

 Fig H.4.5.2 Monthly Water Level Data for Lake Huron at Collingwood (02ED012) [ON] - May 1906 to Dec 2024 

 

  6.0  Historical Discharge Flows Comparisons to Georgian Bay Proposed Pumped Storage Reservoir Estimated 

Torrential Reservoir Breach Flows and Average Daily Cyclical Flows 

 Fig H.4.6.1    Daily Water Flow Data for Niagara River at Fort Erie (02HA013) [ON] - Apr 2011 to Dec 2023 

 Fig H.4.6.2 Daily Water Flow Data for Niagara River at Buffalo NY (4216000) - Jan 1926 to May 2026 

 Fig H.4.6.3 Daily Water Flow Data for St. Mary's River at Sault Ste. Marie (02CA001) [ON] - Jan 1860 to Dec 1993 

 Fig H.4.6.4 Daily Water Flow Data for Bighead River near Meaford (02FB010) [ON] - Apr 1957 to Dec 2025 

 Fig H.4.6.5 Daily Water Flow Data for Beaver River near Clarksburg (02FB009) [ON] - Apr 1957 to Dec 2024 

 Fig H.4.6.6 Daily Water Flow Data for Sydenham River near Owen Sound (02FB007) [ON] - June 1915 to Dec 2025 

 Fig H.4.6.7 Daily Water Flow Data for Nottawasaga River near Edenvale (02ED027) [ON] - Apr 1993 to Dec 2024 

 Fig H.4.6.8 MEMO-Ontario Pumped Storage Project - Initial Project Description (IPD) – Torrential Flow Breach  

   and Daily Cyclical Flow calculations 

 

  7.0 Water Intakes 

Fig H.4.7.1 Meaford, Thornbury and DND Water Intakes 

 Fig H.4.7.2 Meaford and Thornbury Intake Protection Zone 

 
 
 
 
 
 
 



File Date: May 21, 2026 

Georgian Bay (Ontario) Pumped Storage Reservoir 3D Perspec ve – Looking North West 
Reservoir Top Water Area 96.5 ha/ 238.5 ac; Max Hydraulic Head 193m; Ac ve Water Storage 18.2 million m3 

Data Sources: 

1) LiDAR DTM: LIO GeoHub, MNR (April 27, 2023)
2) Orthophoto: LIO GeoHub, MNR (2020)
3) Table F-1 (Revised), Scenario 2,  Hunter April 6, 2026 IAAC Submission
4) Figure 3-1: Preliminary Project Components, TC Energy Ontario Pumped Storage Project – Ini al Project Descrip on (IPD), Stantec Consul ng Ltd, Feb 24, 2026
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File Date: June 1, 2026 

Georgian Bay (Ontario) Pumped Storage Reservoir 3D PerspecƟve – Looking North West 
Surface Flow – Leakage, Stormwater, Reservoir Breach 

Data Sources: 
1) LiDAR DTM: LIO GeoHub, MNR (April 27, 2023)
2) Orthophoto: LIO GeoHub, MNR (2020) 
3) Table F-1 (Revised), Scenario 2,  Hunter April 6,

2026 IAAC Submission
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Bathymetry (Depth m below datum)
Georgian Bay (Ontario) Pumped Storage

-5 m
-10 m

File Date: May 12, 2026
Scale: 1: 20,000 @ 11x17"

Data Source
1) Canadian Hydrographic Service Non-Navigational (NONNA) Bethymetric Data, Open Canada, downloaded on March 31, 2026
2) Gps Nautical Charts, Canada marine charts App, https://fishing-app.gpsnauticalcharts.com/i-boating-fishing-web-app/fishing-marine-charts-navigation.html?title=Ontario+Lakes+boating+app#12.41/44.6675/-80.5967

Contour from NONNA (Charted Datum)
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Canadian Hydrographic Service, Depth in m (received April 15, 2026)  
Georgian Bay (Ontario) Pumped Storage 

File Date: May 12, 2026 

Intake  / Discharge Zone Bathymetry 

Note: 1) Depth in meter 
2) Chart Datum for Lake Huron under the Interna�onal Great Lakes Datum of 1985 is 176.0m.
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Fig H.4.2.3

Fig H.4.2.2



Fig H
.4.3.1



Fig H
.4.3.2



Sir Adam Beck Pumped Storage, Niagara Falls     Photos taken on May 24, 2026 by G.Hunter 

File Date: May 29, 2026 

20m High Ring Dam Reservoir and Switch Yard 
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Sir Adam Beck Pumped Storage, Niagara Falls     Photos taken on May 24, 2026 by G.Hunter 

File Date: May 29, 2026 

20m High Ring Dam Berm and Niagara Falls Turbidity Plume 

Fig H
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File Date: May 13, 2026 

Georgian Bay (Ontario) Pumped Storage Reservoir 3D PerspecƟve – Looking South West 

Data Sources: 

1) LiDAR DTM: LIO GeoHub, MNR (April 27, 2023)
2) Orthophoto: LIO GeoHub, MNR (2020) 
3) Table F-1 (Revised), Scenario 2,  Hunter April 6, 2026 IAAC Submission 
4) Figure 3-1: Preliminary Project Components, TC Energy Ontario Pumped Storage Project – IniƟal Project DescripƟon (IPD), Stantec ConsulƟng Ltd, Feb 24, 2026

Below Ground  
Project 
Component 

Cape Rich 

Garrison 

Fig H
.4.4.1



Bathymetry (Depth m below datum)
Georgian Bay (Ontario) Pumped Storage

-5 m
-10 m

File Date: May 12, 2026
Scale: 1: 20,000 @ 11x17"

Data Source
1) Canadian Hydrographic Service Non-Navigational (NONNA) Bethymetric Data, Open Canada, downloaded on March 31, 2026
2) Gps Nautical Charts, Canada marine charts App, https://fishing-app.gpsnauticalcharts.com/i-boating-fishing-web-app/fishing-marine-charts-navigation.html?title=Ontario+Lakes+boating+app#12.41/44.7144/-80.6424

Contour from NONNA (Charted Datum)
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File Date: June 1, 2026 

Claybanks 3D PerspecƟve, Geological FormaƟons (Project StraƟgraphy) – Looking South East 

Data Sources: 

1) LiDAR DTM: LIO GeoHub, MNR (April 27, 2023)
2) Orthophoto: LIO GeoHub, MNR (2020)
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Georgian Bay (Ontario) Pumped Storage Reservoir 
Meaford Range and Training Area Unusable Land

Mountain Lake

Scale: 1:40,000

File Date: May 7, 2026
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Notes:
1) 2010 Orthophoto, LIO GeoHub Web Map Service
2) Meaford Range and Training Area Unusable Land,

Pg 641 from Municipality of Meaford Council
Meeting Agenda, May 31, 2021
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MEMO 

File:  Meaford – Proposed Georgian Bay Pumped Storage Reservoir (22-402) 
Date: May 21, 2026  
By: Scott MacPhee 

RE: Ontario Pumped Storage Project - Initial Project Description (IPD) – Torrential Flow Breach and Daily 

       Cyclical Flow calculations  

 _________________________________________________________________________________ 

• The Ontario Pumped Storage Project - Initial Project Description (IPD) – Plain Language Summary,

Feb 24, 2026 document from Table 3-1: Key Project Components states, the proposed reservoir will

hold approximately 26 million m3 of water.

o Torrential Flow Georgian Bay Pumped Storage Reservoir Breach (average one-hour):

= 26,000,000 m3 x 1 min x 1 hr   = 5,055 m3/s (about 7,000 m3/s) 

    60 sec x 60 min x 1 hr 

o Georgian Bay Pumped Storage Average Daily Cyclical Flow (10-hours):

= 26,000,000 m3 x 1 min x 1 hr   = 722 m3/s (about 700 m3/s) 

60 ec x 60 min x 10 hr 

• Based on an Active Pumped  Storage Reservoir volume of 18,200,000 m3 in Scenario 2 from Hunter

and Associates Table F-1, Comments on the Initial Project Description Released on March 6, 2026 by

the IAAC TC Energy Proposed Ontario Pumped Storage Hydropower Project Near Meaford, Ontario,

on Nottawasaga Bay (Third Submission, 3 of 3) report dated April 6, 2026 (revised April 23, 2026).

o Torrential Flow Georgian Bay Pumped Storage Reservoir Breach (average one-hour):

= 18,200,000 m3 x 1 min x 1 hr   = 5,055 m3/s (about 5,000 m3/s) 

    60 sec x 60 min x 1 hr 

o Georgian Bay Pumped Storage Average Daily Cyclical Flow (10-hours):

= 18,200,000 m3 x 1 min x 1 hr   = 506 m3/s (about 500 m3/s) 

    60 sec x 60 min x 10 hr 

Fig H.4.6.8



Fig H
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Meaford and Thornbury Intake Protection Zone Fig H.4.7.2





Ms. Eve McLeod Norberg   E-MAIL

A/Project Manager, Ontario Region     Eve.McleodNorberg@iaac-aeic.gc.ca 

Impact Assessment Agency of Canada       Nottawasaga@iaac-aeic.gc.ca 

APPENDICES
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Ref # Classification Author Notes (based on document text)
5 Opposed Calls project “waste of time… negatively affect ecosystem.”
6 For Provides counterpoints supporting OPS.
7 For Supports due to jobs, municipal income, grid benefits.
8 For Calls OPS a “good approach” to energy storage.
9 Concerns Lists personal concerns; not explicitly opposed.

10 Opposed Strongly argues for CANDU instead; dismisses OPS.
11 Opposed Again argues CANDU is superior; rejects OPS.
12 Concerns Focuses on SON boundary issues; not a direct yes/no.
13 For Engineer expressing support for OPS.
14 Opposed “STRONGLY object”; environmental impacts.
15 For Supports both nuclear and pumped storage.
16 Opposed “Serious environmental concerns.”
17 For Argues impacts are minor compared to other sources.
18 Opposed Concerned about Georgian Bay and private company involvement.
19 Opposed Lists multiple reasons for opposing OPS.
20 Opposed Claims project violates Fisheries Act.
21 For Submission indicates support for project.
22 For Supports based on water-use perspective.
23 Opposed Argues globally against open-loop pumped storage.
24 Opposed Says OPS is not best option for public good.
25 Opposed Concerned about noise, light, water pollution.
26 Opposed Says project could endanger homes and people.
27 Opposed Calls open-loop pumped storage “archaic” and harmful.
28 Opposed Cottage owner raising concerns; tone is clearly against.
29 Opposed Strongly opposes due to “extremely” negative impacts.
30 Concerns Focuses on location rationale; not explicit opposition.
31 Opposed Formal letter outlining concerns and risks.
32 Opposed Supports storage generally but says this project is inappropriate.
33 Opposed Calls land destruction “inexcusable.”
34 Opposed Strongly opposed; cites energy inefficiency and destruction.
35 Opposed Economic concerns; states “strong opposition.”
36 Opposed Neighbour raising strong objections.
37 Opposed “Totally bad idea… STOP THIS AT ALL COST.”
38 Concerns Focus on transparency issues; not explicit opposition.
39 Opposed Says project is “not right for Meaford.”
40 For Supports OPS as part of national energy policy.
41 Opposed Opposes based on community heritage and impacts.
42 For Supports due to grid benefits for renewables.
43 Concerns Worried about water contamination; not explicitly opposed.

44 Opposed Hydrogeological risk assessment submitted; intent is opposition.

45 Opposed Argues batteries are better; rejects OPS.
46 Opposed States “I am OPPOSED.”
47 Concerns Drinking water concerns; not explicitly opposed.
48 Concerns Raises concerns about proximity and impacts; not explicit opposition.
49 Opposed Submission outlines reasons against project.
50 Concerns Focus on ecosystem impacts; not explicit opposition.
51 Opposed Attached submission opposing OPS.
52 Opposed Lists “many reasons” against project.
53 Opposed Calls project undesirable; environmental impacts.
54 Opposed “Main argument against is economic.”
55 Opposed Resolution passed against project.
56 Opposed Says project “lacks value”; economic concerns.
57 Opposed Contaminated lands; environmental risk.
58 Concerns Water quality concerns; not explicit opposition.
59 Opposed “Reasons why… should not be approved.”
60 Concerns “Significant concerns”; not explicit opposition.
61 Concerns Transparency and environmental concerns.
62 Opposed “Formally express my opposition.”
63 Concerns Groundwater contamination concerns.
64 Concerns Information gaps; not explicit opposition.

File: GBPS, June 1, 2026
Source: https://iaac-aeic.gc.ca/050/evaluations/proj/89803/contributions?culture=en-CA 1 of 6



Ref # Classification Author Notes (based on document text)
65 Concerns Requests impact assessment; raises risks; not opposed.
66 Concerns Same as above; concerns only.
67 Concerns “Broader sense of concern”; no explicit opposition.
68 Opposed Environmental impacts; turbidity; labelled “Opposed.”
69 Opposed “NO TO OPEN LOOP SYSTEM.”

70 Concerns Requests assessment; not explicit opposition.

71 Opposed “Project has to be rejected.”

72 Opposed “Opposition to TCE pumped storage.”
73 Opposed “Fail to see any benefit”; strong environmental objections.
74 Opposed “Financially and ecologically unacceptable.”
75 Concerns Personal concerns; not explicit opposition.
76 For “We want it… help Meaford make this a success.”
77 Opposed Agrees with Sarah Baker’s opposition.
78 Support with Concerns Supports renewable expansion; expresses policy concerns.
79 Opposed “Irreparable harm… irreversible damage.”
80 Opposed “Please say no… threat to drinking water.”
81 Opposed “This is not…”; strongly against.
82 Support with Concerns Supports fully but reserves right to change mind if risks arise.
83 Opposed “I oppose… for variety of negative impacts.”
84 Opposed “I am opposed…”
85 Opposed Linked document from Save Georgian Bay (anti‑project).
86 Opposed Attached submission opposing project.
87 For “I am a huge fan of pumped storage.”
88 Opposed “I strongly oppose… irreversible damage.”
89 Concerns Raises concerns; not explicit opposition.
90 Opposed “Reasons why I oppose this project.”
91 Opposed “I am against this disastrous project.”
92 Opposed “My family and I are against this project.”
93 Opposed “I write to express my opposition.”
94 Opposed “I comment to express my opposition.”
95 Opposed “I am writing to express my opposition.”
96 Opposed Highlights DND environmental concerns; clearly opposed.
97 Opposed “I am writing… I oppose.”
98 Opposed Concerned about cost; explicitly opposes.
99 Opposed “I am writing to voice my opposition.”

100 Concerns Raises concerns but does not explicitly oppose.
101 Opposed Submits DND environmental guideline concerns; opposed.
102 Opposed Describes pollution, UXO, heritage impacts; opposed.
103 Opposed “Strongly opposed.”
104 Opposed “Inefficient and costly choice.”
105 Opposed “Say No to Pumped Storage.”
106 Opposed “I am against this project.”
107 Concerns Technical concerns; does not explicitly oppose.
108 Opposed “I strongly oppose this outdated project.”
109 Opposed Describes threats, persecution; opposed to TCE.
110 Concerns Many concerns; not explicitly opposed.
111 Opposed “I object to the proposed project.”
112 Concerns Public health and safety concerns; no explicit opposition.
113 Opposed “I am against this project since day one.”
114 Opposed Attached submission arguing for alternative technologies.
115 Opposed Same author as #97; expresses opposition.
116 Concerns Concerned due to proximity; no explicit opposition.
117 Concerns Raises concerns; does not explicitly oppose.
118 Opposed “Reasons to abandon the project.”
119 Concerns “Major concerns”; not explicit opposition.
120 Opposed Attached “Low Impact Alternatives” critique.
121 Opposed Attached “Operational Efficiency Unacceptable.”
122 Opposed Attached “Construction Costs Are Excessive.”
123 Opposed Attached “Can we trust TCE?” critique.

File: GBPS, June 1, 2026
Source: https://iaac-aeic.gc.ca/050/evaluations/proj/89803/contributions?culture=en-CA 2 of 6



Ref # Classification Author Notes (based on document text)
124 Opposed “Add my voice to the chorus of no’s.”
125 Opposed Attached “Energy Efficiency is Paramount.”
126 Opposed Attached “Piece Meal DND Reconstruction.”
127 Opposed Critiques “piece mealing”; clearly against.
128 Opposed Same theme—opposes project segmentation.
129 Opposed Attached submission opposing project.
130 Opposed Attached submission opposing OPS.
131 Opposed Attached submission opposing OPS.
132 Concerns Concerned about excavation impacts; not explicit opposition.
133 Opposed “Strongly opposed.”
134 Opposed “We absolutely reject this project.”
135 Opposed “Very high risk… no benefits.”
136 Concerns Provincial authority advice; not a position for/against.
137 Concerns “Very concerned”; no explicit opposition.
138 Opposed Advocates alternatives; anti‑project.
139 Concerns Social impact concerns; not explicit opposition.
140 Concerns Emotional appeal; concerns about risk; not explicit opposition.
141 For Supports project; criticizes GBA opposition.
142 Opposed “I am opposed.”
143 Concerns Raises concerns; does not explicitly oppose.
144 Opposed Critiques TCE and process; opposed.
145 Opposed Attached submission opposing project.
146 Concerns Requests assessment; concern about turbidity.

147 Support with Concerns Industry group; generally supportive of hydro; raises considerations.
148 For “I fully support this project.”
149 For “Excellent idea… strongly encourage.”
150 Concerns Concerned about contamination and ecosystem impacts.
151 Opposed Attached submission opposing project.
152 Opposed “I am against this project.”
153 Concerns Demands transparency; does not explicitly oppose.
154 Opposed Attached environmental impact critique.

155 Opposed Environmental and Indigenous‑focused opposition.

156 Opposed Advocates lower‑cost alternatives; rejects OPS.

157 Support with Concerns Supports as “step in the right direction” but notes caveats.
158 Concerns Ground instability concerns; no explicit opposition.
159 Opposed “Strong opposition.”
160 Concerns Formal submission listing concerns; no explicit opposition.
161 Opposed “There is no value… opposed.”
162 Concerns Stewardship concerns; not explicit opposition.
163 Concerns Concerned about proximity and risks; not explicit opposition.
164 Opposed Formal submission opposing project.
165 Concerns Technical/environmental concerns; no explicit opposition.
166 Opposed “Strongly oppose.”
167 For Council resolution supporting the project.
168 Concerns Multiple technical and community risk concerns; not explicit opposition.
169 Opposed “Strongly opposed.”
170 Concerns Concern for drinking water; requests full assessment.
171 Opposed Attached submission opposing project.
172 Opposed Council position against project.
173 Opposed Opposes industrialization of Meaford.
174 Concerns Calls for revoking conditional support; not explicit opposition.
175 Concerns Environmental concerns; not explicit opposition.
176 Concerns Registers concerns; not explicit opposition.
177 Opposed Environmental and financial objections.
178 Concerns Calls project an “eyesore”; not explicit opposition.
179 Opposed “Voicing my opinions against.”
180 Opposed Attached submission opposing project.
181 Concerns Serious concerns about property and contamination.
182 Support with Concerns Supports project but notes it “warrants careful review.”
183 Opposed Attached environmental critique.

File: GBPS, June 1, 2026
Source: https://iaac-aeic.gc.ca/050/evaluations/proj/89803/contributions?culture=en-CA 3 of 6



Ref # Classification Author Notes (based on document text)
184 Opposed “Should not proceed.”
185 Concerns Marine construction concerns; not explicit opposition.
186 Opposed Recommends reading document; part of opposition pattern.
187 Opposed Visual submission opposing project.
188 Opposed “Strong opposition.”
189 Opposed “Oppose in the strongest possible terms.”
190 Concerns Soil contamination questions; not explicit opposition.
191 Opposed “Say No… many issues, no benefits.”
192 Opposed “I strongly oppose.”
193 Opposed “Express my objection.”
194 Opposed “Formally… reasons to require assessment & alternatives.”
195 Opposed “Strong Opposition.”
196 Opposed “I strongly oppose.”
197 Concerns Social, health, economic concerns; not explicit opposition.
198 Concerns Environmental threat concerns; not explicit opposition.
199 Opposed “I wish to express opposition.”
200 Opposed “I am strongly opposed.”
201 Concerns General concerns; not explicit opposition.
202 Concerns Deep concerns; not explicit opposition.
203 Opposed Strongly opposed; emotional appeal.
204 Concerns Concerned about impacts; not explicit opposition.
205 Opposed “Reject… strongly oppose.”
206 Concerns Construction‑phase concerns; no explicit opposition.
207 Concerns Requests rigorous assessment; no position taken.
208 Opposed Attached PDF criticizing omissions and failures.
209 Opposed “No local benefits… negative destruction.”
210 Opposed “I strongly oppose this project.”
211 Concerns Raises concerns; not explicit opposition.
212 Concerns Additional concerns; still no explicit opposition.
213 Concerns Not convinced; raises environmental and cost concerns.
214 Opposed “Formal OBJECTION.”
215 Opposed Supports GBA concerns; opposes project.
216 Opposed “Irreparable damage… destruction.”
217 Opposed Same as above; explicit opposition.
218 Concerns Requests full federal assessment; not explicit opposition.
219 Opposed “I am strongly opposed.”
220 Opposed “Stop this now!!”
221 Concerns Environmental concerns; no explicit opposition.
222 Concerns Requests environmental assessment; not explicit opposition.
223 Opposed Strongly critical; describes destruction.
224 Opposed “I strongly oppose.”

225 Opposed Attached submission opposing project.

226 Opposed “I oppose this project… cannot be trusted.”
227 Opposed Military concerns; explicit opposition.
228 Concerns Environmental and cost concerns; not explicit opposition.
229 Concerns Understands purpose but concerned; not opposed.
230 Concerns Multiple concerns; no explicit opposition.
231 Support with Concerns Acknowledges need for storage; questions if this is the right project.
232 Opposed Strong opposition; historical context.
233 Concerns Poem acknowledgement; no explicit position.
234 Concerns “Our concerns…”; not explicit opposition.
235 Support with Concerns Says project should continue to be evaluated; not supportive or opposed.
236 For Attached letter supporting project.
237 Opposed “Under the Reservoir Impact Zone” submission opposing project.
238 Opposed “I’m opposed… negative impact.”
239 Opposed “Potential catastrophic flooding” submission.
240 Opposed Third submission opposing project.
241 Opposed “Not worth doing… unsafe.”
242 Concerns Technical seismicity concerns; no explicit opposition.
243 Opposed Political concerns; part of opposition pattern.
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244 Opposed “Why would this even be considered?”
245 Concerns Environmental and infrastructure concerns.
246 Concerns Serious concerns; not explicit opposition.

247 For Industry association submission supporting the project.

248 Opposed “No to TCE… keep the water clear.”
249 Opposed “I strongly oppose this project.”
250 Opposed “Express my opposition.”
251 Opposed “Government should not approve.”
252 Opposed “Deep concern… detrimental to pristine waters.”
253 Opposed “Only benefits TCE… taxpayers saddled.”
254 Opposed “Strong objection.”
255 Concerns Soil contamination concerns; no explicit opposition.
256 Concerns Fish entrainment concerns; no explicit opposition.
257 Concerns Environmental concerns; no explicit opposition.
258 Opposed Climate hazard critique; strongly anti‑project.
259 Opposed Same as above; explicit opposition.
260 Opposed Same as above; explicit opposition.
261 Opposed Same as above; explicit opposition.
262 Opposed “Risks are too high.”
263 Opposed Climate hazard analysis; strongly opposed.
264 Concerns Lists issues needing resolution; not explicit opposition.
265 Concerns Environmental concerns; not explicit opposition.
266 Opposed “Huge environmental risk… must be a safer option.”
267 Opposed Critiques justification; clearly opposed.
268 Opposed Formal objection to contaminated site selection.
269 Opposed Stakeholder engagement critique; anti‑project.

270 For Submission encourages assessment and supports hydro sector.

271 Opposed “Design should not go forward.”
272 Opposed “Worst project ever… financial disaster.”
273 Concerns Technical concerns; not explicit opposition.
274 Opposed “Formal objection… unacceptable risks.”
275 Concerns “Somewhat concerned”; not explicit opposition.
276 Opposed “Very concerned… requires excavating 375 acres.”
277 Opposed “Express my opposition.”
278 Concerns Requests full assessment; not explicit opposition.
279 Concerns Environmental concerns; no explicit opposition.
280 Opposed “I strongly object.”
281 Opposed Disappointed project is proceeding; environmental concerns.
282 Opposed Large technical submission opposing project.
283 Opposed Highlights fish mortality and ecological risk.
284 Concerns Environmental impact concerns; no explicit opposition.
285 Concerns Requests full impact assessment; no explicit opposition.
286 Opposed “I oppose… for many reasons.”
287 Concerns Technical concerns and process issues; not explicit opposition.
288 Opposed “Strongly oppose… does not make economic sense.”
289 Concerns Air quality concerns; not explicit opposition.
290 Concerns Environmental concerns; no explicit opposition.
291 Opposed Agrees with all submissions opposing the project.
292 Opposed “I strongly object… not appropriate for DND land.”
293 Concerns Water turbidity and temperature concerns.
294 Concerns Environmental concerns; no explicit opposition.
295 Opposed “Provides no benefit… makes investors richer.”
296 Concerns Environmental and drinking water concerns.
297 Opposed Calls project dangerous, costly, obsolete.
298 Support with Concerns Supports with conditions; acknowledges risks.
299 Concerns Requests full environmental assessment; not explicit opposition.
300 Opposed Critiques economics and grid value.
301 Opposed “I oppose… noise and vibration impacts unacceptable.”
302 Opposed Councillor opposing due to drinking water risk.
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303 Opposed Social impacts and workforce housing concerns.
304 Opposed Re-submission of formal objections.
305 Opposed Environmental NGO opposing project.
306 Concerns Clarifies electricity system impacts; not explicit opposition.
307 Concerns Animal and habitat protection concerns.
308 Opposed “Disapprove… useless to Canadians.”
309 Opposed “Opposed… regulator says no economic value.”
310 Opposed “Shouldn’t proceed… high risk.”
311 Opposed “Project is unwise… doomed to cause problems.”
312 Opposed “Please leave our waters safe… not corporations.”
313 Opposed Formal municipal submission opposing project.
314 Concerns Requests environmental assessment; not explicit opposition.
315 Concerns Animal and habitat concerns.
316 Concerns Technical comments; no explicit support or opposition.
317 Concerns Consultation request; no explicit position.
318 Concerns Consultation request; no explicit position.
319 Concerns IPD incomplete; no explicit opposition.
320 Opposed Expresses alarm and environmental concerns; clearly against the project.

321 Opposed
Submission argues for battery alternatives; part of a series of anti‑project 
submissions.

322 For Industry association supportive of pumped storage and the project.
323 Opposed Critiques missing issues and expresses clear opposition.
324 Opposed Detailed submission opposing the project.
325 Concerns Provides technical comments; does not explicitly oppose or support.

326 Opposed
Formal letter raising objections and requesting federal review of 
UXO/contamination.

327 Opposed Critiques DND posture and access; part of opposition series.
328 Opposed Critiques IAAC process and IPD; clearly opposed.
330 Opposed Ecological study submitted to oppose the project.

For – clearly supportive, no major caveats
Opposed – clearly opposed
Support with Concerns – supportive but raises issues
Concerns – not explicitly opposed, but raises issues, risks, or objections

Position Count
Concerns 97

For 20
Support with Concerns 8

Opposed 200
Total 325

Note: Comment #1 to 4 and #329 not included in the summary
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IAAC 
Reference 
Number

Author Attachment FIle File Format
Used in 

AI 
Analysis?

1 162726E.pdf (Summary of the Initial Project Description of a designated project) PDF No
3 165304E.pdf (Initial Project Description of a designated project) PDF No
4 165313E.zip (GIS Files) ZIP No

12 IMG_0365.jpeg JPEG No
12 IMG_0371.png PNG No
12 IMG_0375.jpeg JPEG No
16 20211229_201911.jpg PDF Yes
21 LiUNA Letter to IAA re. Ontario Pumped Storage.pdf PDF Yes
31 OPS_Concern_Letter Evan Fraser.pdf PDF Yes
44 TCE Pump Storage Risk.pdf PDF Yes
49 Submission re TC energy.pdf PDF Yes
49 Submission re TC energy.pdf PDF Yes
51 Ontario Pumped Storage Project (IAAC No. 89803) Response Letter - final.pdf PDF Yes
55 20260320133844.pdf PDF Yes
65 PSAC Nov 13 Dec 1-2025.pdf PDF Yes
70 Submission IPCC re TCE final.pdf PDF Yes
72 Figure_1.pdf PDF Yes
72 IAAC_JN.pdf PDF Yes
85 SaveGeorgianBayCommentsMarch2026.pdf PDF Yes
86 Pumped Storage Project assessment March 2026.pdf PDF Yes

102 TCE.pdf PDF Yes
110 Site 00025128 - Meaford - Area 3 Small Arms Range.pdf PDF Yes
110 Site 10992002 - Asbestos Landfill.pdf PDF Yes
110 Site 10992006 - Refuelling Facility 2.pdf PDF Yes
110 Site 10992024 - Ammunition Dump.pdf PDF Yes
114 IAAC Overview New Technologies.pdf PDF Yes
120 IAAC Low Impact Alternatives.PDF.pdf PDF Yes
121 IAAC Overview Efficiency.pdf PDF Yes
122 IAAC Overview Costs.pdf PDF Yes
123 IAAC March 21 2026 Can we trust TCE Revised.pdf PDF Yes
125 Energy Efficiency is Paramount.pdf PDF Yes
126 IAAC Piece Meal DND Reconstruction.pdf PDF Yes
127 IAAC Piece Meal Cement Plant.pdf PDF Yes
128 IAAC Piece Meal Transmission Lines.pdf PDF Yes
129 C-2024-037 - TC Energy.pdf PDF Yes
130 Ontario Pumped Storage Project (IAAC No. 89803) Response Letter - final_Redacted.pdf PDF Yes
131 Pumped Storage Project assessment March 2026_Redacted.pdf PDF Yes
136 Ontario Pumped Storage IPD PAAR MECP Mar 31 2026.pdf PDF No
139 IAAC Submission letter pdf.pdf PDF Yes
145 Submission To IPCC re TC Energy Ontario Pumped Storage .pdf PDF Yes
147 WPC Submission Ontario Pumped Storage Final.pdf PDF Yes
151 Gary_Green_IAAC_Submission_Final V1.pdf PDF Yes
154 Final IAAC.pdf PDF Yes
160 Municipality of Meaford Comments for IAAC - April 2, 2026.pdf PDF Yes
164 GBA_IAAC_Submission_02-04-2026.pdf PDF Yes
165 25352_TCENERGY_GSCA_COMMENTS_2026_04_02.pdf PDF Yes
167 2024-04-18 Letter - Support for the Ontario Pumped Storage Project.pdf PDF Yes
168 IAAC Submission 01 - Figure 01 - Legacy Development Constraints and Counterfactual Siting Argument.png PNG No
168 IAAC Submission 01 - Legacy Development Constraints and Counterfactual Siting Argument.pdf PDF Yes
168 IAAC Submission 02 - Submission to the Impact Assessment Agency of Canada.pdf PDF Yes
171 CANN_Submission_to_IAAC.pdf PDF Yes
172 TC Energy comment - letterhead.pdf PDF Yes
176 Nottawasaga Steelheaders Respond to Proposed TC Energy Pump Project 2.pdf PDF Yes
180 TC Energy Pumped Storage Comments P Fulford.pdf PDF Yes
183 GBF_Comments on the Project Description for the Ontario Pumped Storage Project (TC Energy)  IAAC Registry no89803_final.pdf PDF Yes
184 Why the TC Energy Pumped Storage Project in Meaford Should Not Proceed IAAC comment.pdf PDF Yes
187 Visual Submission L Green Apr 4, 2026.pdf PDF Yes
208 Final IAAC submission, Paul Young.pdf PDF Yes
210 Submission to the Impact Assessment Agency of Canada.pdf PDF Yes
225 Sunnyside_Beach_IAAC_Submission_OPSP_vFApril 5, 2026.pdf PDF Yes
236 Ontario Pumped Storage Hydropower Project - IAAC - April 2026.pdf PDF Yes
237 G Hunter - DND-TCE Proposed and Alternative Pumped Storage Sites at Meaford Letter and Visuals_May3_2024 (IAAC Ref No 89803).pdfPDF Yes
239 G Hunter-Garrison PS Site Addendum Letter and Visuals_Jan8_2026 (IAAC Ref No 89803).pdf PDF Yes
240 G Hunter - GBPS IAAC Response Text and Visuals_Apr6_2026-final-revised Apr 23_2026 (IAAC Ref No 89803).pdf PDF Yes
247 APPrO Comments to GC on Ontario Pumped Storage_April 6 2026.pdf PDF Yes
263 ATMOSPHERIC RVERS _ by EARTH TIMES.pdf PDF Yes
263 Narwhal (small).pdf PDF Yes
263 Oct. 2005 Georgian Bay Earthquake.pdf PDF Yes
263 WIND INDUCED DAM FAILURES.pdf PDF Yes
268 Paula_Hope_OPSHP_IAAC_Submission.pdf PDF Yes
269 1-Followup EXTERNAL Stakeholder list provision as agreed.pdf PDF Yes
269 2-Wet'suwet'en Explained - The Indigenous Foundation.pdf PDF Yes
269 3-Narwhal (small).pdf PDF Yes
269 4-Email -Funding request from TCE by local group.pdf PDF Yes
269 5-Mike Shreiner %22I support renewable energy'.mp4 MP4 No
270 IACOPSOWA.pdf PDF Yes
279 TC energy Dam.pdf PDF Yes
282 SGB IAAC Submittal 4-6.pdf PDF Yes
282 Appendix A - Municipal Resolutions and Supporting Context.pdf PDF Yes
282 Appendix B - Select Supporting Correspondence.pdf PDF Yes
282 Appendix C - Comparable Facility Context.pdf PDF Yes
282 Appendix D - Environmental Reference Materials.pdf PDF Yes
287 IAAC Submission AM final.pdf PDF Yes
294 IAAC Submission AM final.pdf PDF Yes
304 June Porter Objections to the Ontario Pumped Storage Hydropower Project 89803 .pdf PDF Yes
305 2026-04-06-ORA-OntarioPumpedStorage-89803-Final.pdf PDF Yes
313 04 01 2026 TC Energy Pumped Storage Project_Redacted.pdf PDF Yes
313 CHECK NMBER _Lake-Huron-2022-2026-LAMP.pdf PDF Yes
313 SSEA - TC Energy Pumped Storage Proposal Comments_Redacted.pdf PDF Yes
316 Grey County Comments on Canadian Impact Assessment Registry Reference number 89803_Redacted.pdf PDF Yes
317 2026-04-03 - CLFN Review of Ontario Pumped Storage Hydropower Project - Initial Project Description_Redacted.pdf PDF Yes
318 2026-04-06 - HFN Review of Ontario Pumped Storage Hydropower Project - Initial Project Description.pdf PDF Yes
321 IAAC Modern Battery Technologies Re Appleyard_Redacted.pdf PDF Yes
322 APPrO Comments to GC on Ontario Pumped Storage_April 6 2026_Redacted.pdf PDF Yes
324 COMMENTS TO THE IMPACT ASSESSMENT AGENCY OF CANADA (1)_Redacted.pdf PDF Yes
324 Garry Hunter Visuals forf IAAC_20260406.pdf PDF Yes
324 Project_Site_Updated.pdf PDF Yes
325 2026-04-02 Bruce County Comments on Ontario Pumped Storage Hydropower Project IPD - Signed_Redacted.pdf PDF Yes
326 TC Energy Pumped Storage Project - Request to Review Federal UXO and Contaminated Sites Records_Redacted.pdf PDF Yes
327 IAAC DND Position Review April 4 2026_Redacted.pdf PDF Yes
328 IAAC Protocols and Process to EveMcleodNorberg_Redacted.pdf PDF Yes
330 Symbiosys Report.pdf PDF Yes

Yes = 93
By: Hunter and Associates No = 9
File Date: June 1, 2026 Total = 102

Georgian Bay
Ontario Pumped Storage Hydropower Project - 102 Attachments 

Summary of Which Attachments Used in the AI Analysis



June 1, 2026 1 

MEMO

To: 

From: 

Date: 

File No.: 

Subject: 

Garry Hunter, M.A.Sc., P.Eng. 

Hunter Folkes 
Scott MacPhee, B.A.Sc., P.Eng. 
Hunter and Associates 

June 1, 2026 

22-402

Georgian Bay (Ontario) Pumped Storage Hydropower Project  
Some Errors, Omissions and Deficiencies in Public Submissions and related AI 
Queries 

The IAAC April 6, 2026 Public submissions closed AI Query contains a number of errors, mainly related 
to the inadequate scoping of the Initial Project Description (IPD) and legacy TCE communications, leading 
to speculation in public responses. 

These assumption errors include: 

 Absence of alternative site considerations with reduced risk to human life and employment of
‘Closed Loop’ Pumped Storage alternative to protect fish and drinking water intakes throughout
the area.

 Overstated upper reservoir (Garrison) water surface area at 334 and/or 375 acres versus an actual
area for a 4.5/4.6 km Ring Dam at about 240 acres.

 An assumed 20 m active storage depth versus the more conservative, safer active storage depth of
8 m adopted at the Sir Adam Beck Pumped Storage Reservoir.

 Overstated active reservoir storage at 26 million cubic metres of water versus about 18 million
cubic metres for a 4.5/4.6 km long Ring Dam at the Garrison site.

 Corresponding overstated MWh of energy storage.

 Insufficient space for expansion at the Garrison site to meet the IPD stated Energy Capacity and
Storage Objectives.

 Utilization of prime well drained plateau lands for Pumped Reservoir Storage versus Garrison
Facilities Expansion.

 In the absence of disclosed geological formation drilling results in the IPD, the assumption by a
number of public members that the karstic dolostone cap rock extends over the entire DND Uplands
versus being restricted to the Garrison Plateau in the Project Area.

 The Uplands adjacent to the Garrison Plateau are mainly Queenston and other shales.

Appendix H.4.A.3
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 The existing very rough estimate of in situ shales to be excavated and disposed from tunneling is 
about 2 million cubic metres (undisclosed in IPD) or 3 million cubic metres as ‘muck’. 

 The designated Preliminary Construction (Disturbance) Zone in the Garrison Reservoir Plateau, 
the Niagara Escarpment Slopes and the underwater intake/discharge circle is about 1,700 acres 
versus the often cited 500 acres in the public submissions. 

 The vegetation removal threat to species at risk and visual impacts are much more extensive than 
contemplated in the IPD and public submissions.  

 No area is specified for processing and storage of contaminated Tunnel Boring Machine Muck 
(Spoil).  This may require 100 acres or more with potential for high turbidity and contaminated 
storm runoff. 

 Overemphasis on DND surface contaminants versus the tunnel dewatering toxic contaminants and 
methane originating from the on-site shale Geological Formations. 
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Georgian Bay (Ontario) Pumped Storage Hydropower Project  
Closed AI Query – Summary of 325 Public Comments (including 93 attachments) 
submitted to IAAC, plus the Meaford Community Readiness Study (1,849 pages) 

This AI summary below is based on 325 public comments and 93 attachments (PDF) as submitted in 
response to the Initial Project Description released by IAAC on Mar 6, 2026. In addition, the Deloitte 
Meaford Community Readiness Study Apr 27, 2026, has been included in this otherwise ‘closed’ query. 
See enclosed listing of attachments included or excluded from this AI analysis (Appendix H.4.A.2). 
Duplicates have not been excluded. 

___________________________ 

May 21, 2026 12:45 pm version AI results. 

Overview of sources (325 Public Comments + 93 Public Comment Attachments + Community Readiness 
Study) 

The provided documents present a multifaceted debate regarding the Ontario Pumped Storage 
Hydropower Project proposed by TC Energy near Meaford. Support for the initiative comes 
from LiUNA, which emphasizes the significant economic benefits, including the creation of thousands 
of construction jobs and the reinforcement of Ontario's clean energy infrastructure. Conversely, 
numerous experts and community groups raise alarms about environmental integrity, citing risks such 
as aquatic organism mortality, the disturbance of unexploded ordnance on military land, and the 
potential for groundwater contamination through fractured karst geology. Critics also argue the project 
is technologically obsolete, suggesting that battery energy storage systems offer a more cost-effective 
and less intrusive alternative. Additional concerns focus on long-term safety, the lack of 
a decommissioning plan for the massive reservoir, and the potential for permanent damage to the 
protected Niagara Escarpment. Formal resolutions from the Municipality of Killarney and detailed 
reports from local climate groups further underscore a significant public opposition based on perceived 
financial and ecological threats. 
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1. What are the content deficiencies of the Initial Project Description? 

The Initial Project Description (IPD) for the Ontario Pumped Storage Project has been identified by 
numerous stakeholders, including municipalities, local residents, and environmental organizations, 
as being materially incomplete and insufficient to support a public interest determination. The 
sources outline several critical content deficiencies across multiple domains: 

Dam Safety and Public Risk 

 Absence of Failure Analysis: The IPD contains no analysis of dam failure scenarios, dam-break 
modeling, or downstream inundation mapping. 

 Geological Suitability: Stakeholders argue the IPD fails to assess the risks of placing a 26-million-
cubic-metre reservoir on the Niagara Escarpment's karst and fractured bedrock, which may 
lead to leakage or instability. 

 Active Military Context: The document does not account for the unique risks of building a dam 
adjacent to active military training areas involving live-fire and explosives. 

 Emergency Planning: There is a complete lack of emergency preparedness or evacuation plans 
for the approximately 300 homes and farms located directly below the proposed reservoir. 

Decommissioning and Long-Term Liability 

 Lack of a Credible Plan: The IPD defers decommissioning methods to a future date rather than 
providing a technically grounded plan at the approval stage. 

 Financial Assurance: There is no cost estimate for decommissioning or proposed financial 
security mechanism (such as a bond or trust fund) to ensure taxpayers are not left with the liability 
of site rehabilitation. 

Environmental and Aquatic Impacts 

 Open-Loop Risks: The IPD is criticized for failing to characterize the ecological consequences of 
an open-loop design, specifically the chronic daily mass entrainment and impingement risk to fish. 

 Missing Baseline Data: There is an absence of baseline studies for water quality, sediment, and 
aquatic ecosystems in Georgian Bay, as well as terrestrial Species at Risk (SAR) beyond a few 
listed species. 

 Thermal and Turbidity Modeling: The document lacks quantitative hydrodynamic and thermal 
modeling to assess how pumping will affect water clarity, temperature regimes, and winter ice 
ecology. 

Legacy Contamination and Site Characterization 

 Mobilization of Toxins: The IPD does not adequately address the risk that large-scale excavation 
and tunneling will mobilize legacy military contaminants (including heavy metals and 
unexploded ordnance) into groundwater and Georgian Bay. 

 Incomplete Disclosure: Stakeholders claim the proponent has withheld or failed to disclose 
findings from its own site investigations, such as borehole data and geotechnical reports. 
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Greenhouse Gas (GHG) Disclosure 

 Embodied Carbon: The GHG disclosure omits the embodied carbon associated with the massive 
quantities of cement, concrete, and steel required for construction. 

 Outdated Estimates: The claim of a 490,000-tonne annual operational saving relies on a six-year-
old study and does not account for the current grid emission factor or the project's own 
construction-phase debt. 

 Net-Zero Pathway: The IPD fails to provide a credible pathway to net-zero emissions, which is 
a regulatory requirement for projects operating beyond 2050. 

Inadequate Alternatives Analysis 

 Superficial Comparison: The IPD is accused of dismissing alternatives like closed-loop systems 
or grid-scale battery storage without a genuine, documented comparative assessment of their 
relative environmental and economic merits. 

 Project Need: It does not reconcile the project proposal with the fact that the IESO has twice 
determined the project does not provide sufficient value to Ontario ratepayers compared to other 
non-emitting resources. 

Socio-Economic and Infrastructure Omissions 

 Misleading Employment Claims: Headline figures of 41,000 jobs are described as "materially 
misleading" economic multipliers, contrasting with the actual disclosure of only 20 to 30 
permanent operational positions. 

 Segmentation (Piecemealing): The IPD excludes critical project-interdependent components from 
its scope, such as the 80 km transmission corridor and the required relocation of existing DND 
infrastructure. 

 Impact on Drinking Water: There is no assessment of the risks to private shoreline water 
intakes or municipal systems that may be compromised by turbidity or contamination during 
construction. 

 Nuisance Impacts: The document lacks noise modeling and vibration impact assessments for 
both the construction (e.g., multi-year blasting) and operational phases. 

 

2. What are the main issues and environmental concerns raised by local residents? 

Local residents have raised a vast array of issues and environmental concerns regarding the proposed 
Ontario Pumped Storage Project. These concerns are not limited to Meaford but extend across the 
Georgian Bay region, including the Town of The Blue Mountains, Tiny Township, and communities 
on the eastern shore near Parry Sound. 

The main issues can be categorized into the following areas: 

Water Quality and Drinking Water Safety 

 Contamination Risks: Residents fear that large-scale excavation and tunneling will disturb 80 
years of military contaminants—including heavy metals, unexploded ordnance (UXO), and 
"forever chemicals" (PFAS)—releasing them into the groundwater and Georgian Bay. 
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 Turbidity and Clarity: There is significant concern that the daily cycling of 23–26 million cubic 
metres of water will stir up deep lakebed sediments, causing permanent turbidity that would 
degrade the bay's notably clear waters. 

 Threats to Private Wells: Many shoreline residents rely on private shore wells or drilled wells that 
lack advanced municipal filtration. They worry project activities will cause these wells to go dry, 
become murky, or become chemically contaminated. 

 Municipal Intakes: Residents note that the Meaford municipal water intake is located only a few 
kilometres from the proposed outlet and could be compromised by turbidity or toxins. 

Dam Safety and Public Risk 

 Catastrophic Failure: The proposed reservoir would hold 26 million cubic metres of water high 
on the Niagara Escarpment, directly above approximately 300 homes, farms, and cottages. 
Residents frequently cite the 2005 Taum Sauk dam failure as evidence of the catastrophic risk to 
human life and property. 

 Geological Instability: There is concern that the karst (fractured limestone) of the Niagara 
Escarpment is unsuitable for a structure of this scale, as it may lead to unpredictable leakage, 
sinkholes, or foundation failure under the immense daily weight fluctuations. 

 Active Military Context: Building a major dam adjacent to an active training range where heavy 
artillery and explosives are regularly used is described by residents as "irresponsible" and "insane". 

Ecological and Aquatic Impacts 

 Fish Mortality: The open-loop design is heavily criticized for its potential to kill millions of fish 
annually through entrainment and impingement (being sucked into or pinned against intakes). 

 Spawning Habitat Destruction: Construction and operations are expected to destroy critical 
spawning grounds for Lake Whitefish, Lake Trout, and Smallmouth Bass located along the "Cape 
Rich Steps". 

 Species at Risk (SAR): Residents and local experts highlight that the project area is home to over 
30 Species at Risk, including the Western Chorus Frog, Tri-coloured Bat, Butternut Tree, and 
Jefferson Salamander, whose habitats would be permanently lost or fragmented. 

 Escarpment Destruction: The permanent destruction of approximately 500 acres of the Niagara 
Escarpment, a UNESCO World Biosphere Reserve, is viewed as an "inexcusable" environmental 
loss. 

Socio-Economic and Community Impacts 

 Property Values and Insurance: Homeowners fear their properties will become unmarketable and 
that they will be unable to obtain flood insurance due to the proximity of the "impact zone". 

 Construction Nuisances: Residents anticipate six or more years of multi-year blasting, drilling, 
and 24-hour industrial noise and light, which will disrupt their health and "quiet enjoyment" of the 
area. 

 Infrastructure Strain: The influx of up to 1,700 construction workers is expected to overwhelm 
Meaford’s small hospital, already over-capacity schools, and limited housing market. 
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 Traffic Congestion: Heavy industrial traffic—estimated at hundreds of truckloads daily—is 
expected to cause safety issues and damage quiet rural roads like 7th Line and Highway 26. 

Project Need and Economic Viability 

 Obsolescence and Alternatives: Many residents argue the project is an "antiquated" technology 
that will be obsolete by the time it is built, favoring grid-scale battery storage which is described 
as faster to deploy, less invasive, and more cost-effective. 

 Inefficiency: Concerns were raised that the facility is a net consumer of energy, losing 
approximately 25–30% of the electricity it uses to pump water uphill. 

 Taxpayer Burden: Residents object to what they see as a "for-profit project" that relies on billions 
in public funding while shifting all environmental and financial risks to Ontario ratepayers and 
local citizens. 

Lack of Transparency and Trust 

 Proponent Credibility: There is deep skepticism regarding TC Energy’s history of pipeline leaks 
and its lack of experience in building pumped storage facilities or dams. 

 Process Concerns: Residents feel the community engagement has been "promotional" rather than 
genuine and that the project is being "pushed through" behind closed doors despite twice being 
rejected by the IESO. 

 

3. How will Pumped Storage fishkill residuals, including the seagull problem and, DND and 
residential water intakes, impact recreational shorelines and the aquatic and wildlife 
ecosystems? 

The proposed Ontario Pumped Storage Project's "open-loop" design, which involves daily cycling of 
massive volumes of water, is expected by residents and environmental groups to generate significant 
fish mortality, creating cascading impacts on the regional environment and shoreline communities. 

Fishkill Residuals and the "Seagull Problem" 

The operation of the plant's intake and discharge structures is predicted to cause massive annual fish 
kills through entrainment (being sucked into turbines) and impingement. These "residuals"—the 
biological remains of millions of fish and invertebrates—pose unique risks: 

 Attraction of Nuisance Wildlife: Residents at "Sea Gull Cove" and nearby properties are 
concerned that a regular supply of dead or injured fish and plankton from the turbines will attract 
a massive increase in the seagull population. This could lead to intense noise from calling and 
flight, as well as significant pollution on land and water from bird excrement. 

 Putrefaction and Odors: Ground-up marine life is expected to putrefy, potentially altering the 
water's pH and oxygen content. This process is predicted to produce "terrible odors" and 
nauseating biological waste that would compromise the aesthetic and recreational value of public 
and private beaches. 
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Impact on Water Intakes (Residential and DND) 

The project's activities threaten the source water for thousands of residents and the military base: 

 Biological Waste in Shore Wells: Shoreline current models show that turbidity and putrefied 
marine life could flow directly into private shore wells. These residential systems typically use 
basic UV filtration and are not equipped to handle biological waste in this form. 

 Clogging and Filtration Failure: High turbidity from daily water cycling and construction is 
expected to clog water intakes and filtration systems, potentially depriving residents of clear, 
potable water. 

 DND and Municipal Risks: The DND water treatment plant intake and the Meaford municipal 
intake (located approximately 6.6 km away) could be compromised by sediment plumes and the 
mobilization of legacy military contaminants during construction and operation. 

Impact on Recreational Shorelines 

The "pristine" nature of Georgian Bay's shoreline—a key driver for the local tourism economy—
faces several threats: 

 Water Quality Degradation: Repeated discharges from the reservoir are likely to create a 
"churned up brown version of Georgian Bay" due to persistent turbidity from clay sediments. 

 Thermal Disruption: The discharge of water with altered temperatures (warmer in summer, cooler 
in winter) will disrupt the natural thermal stratification near the shore, affecting recreational 
swimming and boating. 

 Devaluation of Property: Residents fear that the combination of noise, vibration from pumps, 
visual scarring of the escarpment, and the risk of biological or chemical contamination will 
materially reduce property values. 

Impact on Aquatic and Wildlife Ecosystems 

The project is described by some stakeholders as an "environmental disaster" for the fragile Georgian 
Bay basin: 

 Food Web Disruption: The mass removal of lower food web organisms (plankton, 
macrozooplankton) and the death of prey fish will significantly impact the natural food chain, 
potentially causing eutrophication—a state of high nutrient content and low water quality. 

 Destruction of Spawning Grounds: Critical spawning habitats like the "Cape Rich Steps" and 
honeycomb rock formations for Lake Trout and Lake Whitefish will be threatened by sediment 
plumes and physical disturbance from the intake/outlet structures. 

 Cumulative Stress on Ecosystems: The project layers additional physical, thermal, and biological 
pressures onto an ecosystem already stressed by climate change and invasive species (like quagga 
mussels), risking a permanent transformation of the bay's ecology. 
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 Wildlife Displacement: On land, the reservoir and dam construction would destroy 500 acres of 
the Niagara Escarpment, permanently fragmenting the habitat of up to 30 Species at Risk, 
including endangered bats, birds, and amphibians. 

 

4. What fish species are most at risk in the area? 

Based on the sources, several fish species are identified as being at high risk due to their conservation 
status, their reliance on specific habitats within the project area, or their vulnerability to the proposed 
plant's operations. 

Legally Protected Species at Risk (SAR) 

Numerous species in the project area are protected under provincial and federal legislation: 

 Lake Sturgeon: Listed as Endangered provincially and federally (though legally still 
"Threatened" on some federal schedules while updates are finalized). They are a culturally 
significant species that use the project area's waters. 

 Cisco (Lake Herring): Several forms of Cisco are of high concern. While the "Shortjaw Cisco," 
"Kiyi," and "Bloater" are considered introgressed or extirpated, the Blackfin Cisco is specifically 
identified as Threatened. 

 Deepwater Sculpin: A federally listed species of Special Concern documented in the project area. 

 American Eel: Identified as Threatened in the Georgian Bay region. 

 Black Redhorse: A member of the sucker family listed as Threatened. 

 Lampreys: Both the Silver Lamprey and the Northern Brook Lamprey are listed as species of 
Special Concern. 

Species Facing Ecological Crises 

Beyond legal status, certain native species are at high risk due to existing environmental stressors 
and the project's physical impacts: 

 Lake Whitefish: This species is currently facing a "recruitment crisis" in southern Georgian Bay, 
with very little survival of young fish for nearly 20 years. The project's intake and discharge 
structures are located near the "Cape Rich Steps," which provide critical spawning habitat that 
depends on being silt-free—a condition threatened by project-induced turbidity. 

 Lake Trout: After a long recovery effort, Lake Trout populations remain fragile. Their historic 
spawning grounds are in the direct vicinity of the proposed intake/outflow manifolds, putting 
spawning adults, hatchlings, and juvenile fish at severe risk. 

Vulnerability to Plant Operations 

The "open-loop" design creates chronic risks for all fish species in the area: 

 Entrainment and Impingement: Small fish and larvae are highly vulnerable to being sucked into 
turbines (entrainment) or pinned against screens (impingement). Evidence from the comparable 
Ludington facility suggests that millions of fish could be killed annually, with young fish being 
the most affected. 
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 Thermal and Turbidity Stress: Species like Lake Trout are "obligate cold-water fish" with low 
thermal tolerance; the daily discharge of thermally altered water could disrupt their local habitat. 
Increased turbidity can also clog fish gills, cause death, and degrade spawning beds. 

 Invasive Species Competition: Habitat disturbances and warmer water may allow invasive species 
like the Round Goby to further thrive, potentially outcompeting native darter species and 
consuming the eggs of native fish. 

 

5. Why are the shoreline and offshore limestone honeycomb reefs important to Nottawasaga Bay 
fish species? 

The shoreline and offshore limestone honeycomb reefs, particularly those along the Cape Rich to 
Meaford corridor, are vital ecological features that serve as critical spawning and nursery 
grounds for numerous native and commercially significant fish species in Nottawasaga Bay. 

Their importance is defined by the following roles: 

Critical Spawning Habitat 

 Lake Whitefish: Unlike many other fish, Georgian Bay Whitefish spawn on limestone honeycomb 
shoals at depths of 6 to 14 metres. These fish rely on the specific flat limestone and shale plates 
where small cobble accumulates to deposit their eggs in late autumn. 

 Lake Trout: Identified as "shoal spawners," Lake Trout utilize these limestone rock formations 
running parallel to the coastline. They require the interstitial spaces (the gaps between rocks) 
found in these rugged landscapes to protect their eggs from predators and ensure they stay 
oxygenated throughout the winter. 

 Cisco (Lake Herring): These fish spawn alongside Lake Trout on the same honeycomb 
formations. As a key prey species containing up to 30% fish oil, their successful reproduction on 
these reefs is essential for the health of predator fish populations. 

 Other Species: These grounds also support Yellow Perch, Smallmouth Bass, and "literally 
hundreds" of pelagic and benthic marine organisms that form the base of the aquatic food web. 

Ecological and Economic Foundation 

 Recruitment and Recovery: These reefs are central to long-term population viability. For 
example, while Lake Whitefish are currently facing a "recruitment crisis," the "Shale Steps" near 
Cape Rich remain their primary target for reproduction. 

 Support for Indigenous Fisheries: The fish produced naturally along these pristine limestone 
coastlines are a major support for the Neyaashiinigmiing (Cape Croker) fishing industry, which 
supplies fresh fish to local and international markets. 

 Biodiversity Hotspots: The unique underwater topography—characterized by steep bathymetric 
gradients and exposed bedrock—creates a "cold-water highway" that allows sensitive species like 
Lake Trout to remain near the shore even in late summer. 

Sensitivity to Disturbance 

The importance of these reefs is also highlighted by their extreme sensitivity to silt and turbidity. 
The sources note that these habitats must remain "silt-free" for successful reproduction. Residents 
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and experts fear that the proposed project's water cycling will stir up deep lakebed sediments, causing 
turbidity that could smother the honeycomb formations and "destroy the habitat forever." 
Additionally, invasive Quagga Mussels already stress these shoals by covering rocks and producing 
pseudofeces (waste) that can smother incubating eggs. 

 

6. What are the specific concerns regarding unexploded ordnance? 

The presence of unexploded ordnance (UXO) at the 4th Canadian Division Training Centre (4 
CDTC) Meaford site is a central concern for residents, municipalities, and federal authorities. 
Because the site has been used for live-fire training for over 80 years, vast tracts are littered with 
"duds" and munitions scrap that pose unique risks to the proposed project. 

Specific concerns regarding UXO include: 

Accidental Detonation and Worker Safety 

 Risks During Excavation: Construction involves massive earth-moving activities, including 
tunneling, drilling, and blasting. Stakeholders fear that these activities could accidentally trigger 
legacy explosives buried in the soil. 

 Unquantifiable Danger: The Department of National Defence (DND) has admitted it is "nearly 
impossible" to provide a full tally or map of the type and amount of ammunition remaining on the 
19,000-acre base. 

 Seismic Triggers: There is concern that the vibrations from multi-year construction blasting 
through karst rock could destabilize nearby UXO in the designated "impact area". 

Environmental and Toxic Contamination 

 Release of Toxins: Disturbing the soil for the reservoir and tunnels risks mobilizing legacy 
contaminants associated with ordnance—such as heavy metals (lead, arsenic, zinc) and "energetic 
materials"—into local groundwater, private wells, and Georgian Bay. 

 White Phosphorus: Specific sites on the base are considered so contaminated they are off-limits 
to military personnel. One such area is labeled "White Phosphorus," a substance used in incendiary 
shells that ignites on contact with oxygen and can cause severe burns or organ failure. 

 Leaching into Source Water: Residents who rely on Georgian Bay and private shore wells for 
drinking water are particularly concerned that UXO-related chemicals will enter the water table 
once the soil is roiled by construction. 

Proponent and Process Deficiencies 

 Lack of Experience: Internal DND documents suggest that TC Energy has "limited to no 
experience" working in areas with UXO. Stakeholders note the company has never before removed 
or disposed of unexploded ordnance for a project of this scale. 

 Unrealistic Timelines and Costs: The DND has expressed concern that TC Energy’s construction 
schedule and budget do not realistically account for the "enormous scope of work" required for 
UXO clearance, which must be performed before construction can even begin. 
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 Incomplete Assessment: The Initial Project Description (IPD) is criticized for failing to provide 
baseline data on the density and distribution of UXO or a plan for how reservoir flooding would 
affect future detection and recovery of ordnance. 

Dam Safety and Long-Term Risk 

 Structural Integrity: There is no assessment in the IPD of how an accidental UXO detonation or 
ongoing military training could affect the structural response of the 4.5-kilometre ring dam. 

 Liability Concerns: Because the project is on federal land, if UXO clearance is mishandled or 
causes environmental damage, there is significant concern that taxpayers, rather than the 
proponent, will ultimately bear the liability for remediation and legal settlements. 

 

7. What are the Earthquake and Seismic Risks to Pumped Storage Infrastructure at Meaford 
DND? 

The sources identify several earthquake and seismic risks associated with the proposed Ontario 
Pumped Storage Project at the Meaford DND site, ranging from natural tectonic events to human-
induced vibrations from military training. 

Natural Seismic Risks and Historical Activity 

 Regional Seismicity: Although the region is considered a stable continental area, it has a history 
of moderate earthquakes. Residents and experts point to a 4.3 magnitude earthquake in October 
2005 centered in Georgian Bay near Thornbury (approximately 30 km from Meaford) that shook 
buildings and was felt up to 100 km away. 

 Recent Quakes: More recent events include a 1.6 magnitude quake north of Wiarton in 2024 and 
a 3.7 magnitude quake in Orillia in January 2026. 

 Destabilization of Infrastructure: There is significant concern that such seismic events could 
weaken or destabilize the proposed 4.5-kilometre ring dam, which is projected to rise 20 metres 
above ground level and hold 26 million cubic metres of water. 

Human-Induced Seismic Risks 

 Active Military Training: The project's location on an active base means it is subject to continuous 
human-induced seismic activity. Heavy artillery fire and explosions from munitions training 
regularly cause ground vibrations that residents report can rattle windows and shake homes 
kilometers away. 

 Accelerated Bedrock Fracturing: Experts warn that this ongoing seismic activity may further 
accelerate the fracturing of the already sensitive and fractured karst bedrock of the Niagara 
Escarpment. 

 Unexploded Ordnance (UXO) Stability: Blasting during project construction through karst rock 
is questioned for its potential to destabilize 85 years' worth of unexploded ordnance in the nearby 
military "impact area". 

Geological Vulnerabilities 

 Karst and Fractured Bedrock: The proposed reservoir would sit on the Amabel and Lockport 
dolostone formations, which are characterized by karst features like conduits and voids. These 
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geological conditions are highly sensitive to seismic loading, which could trigger structural 
collapse, foundation failure, or sudden leakage pathways. 

 Vibration Pathways: Tunnels bored through the escarpment provide a continuous rock mass 
connection between underground machinery and the surface. The fractured nature of the dolostone 
acts to actively conduct vibrations and hydraulic pressure pulses to the surface. 

Deficiencies in Project Planning 

 Lack of Analysis: Critics and local residents highlight that the Initial Project Description (IPD) 
fails to identify, classify, or assess these long-term safety risks. 

 Omission of Seismic Loading: The IPD reportedly contains no dam safety analysis, which would 
traditionally include an assessment of how the structure would respond to seismic loading or high-
energy impact events like a direct ordnance strike. 

 Unresolved Liability: Because the project is on federal land, stakeholders have expressed concern 
regarding who would be legally liable for damages if a seismic event caused a catastrophic failure 
of the reservoir. 

 

8. What is the risk of reservoir overflow breach torrential flood inundation of adjacent civilian 
lands? 

The risk of a reservoir overflow, breach, or torrential flood inundation at the proposed Ontario 
Pumped Storage Project is characterized by stakeholders as a low-probability but high-
consequence event with potentially catastrophic results for the civilian community. 

The primary risks and concerns identified in the sources include: 

Scale and Proximity of the Threat 

 Massive Water Volume: The proposed 375-acre reservoir would hold 26 million cubic metres 
(26 billion litres) of water, which residents describe as sitting "literally above our heads". 

 Elevation Advantage/Risk: The reservoir would be perched on the Niagara Escarpment, 
approximately 150 to 174 metres above Georgian Bay. 

 The "Impact Zone": Approximately 300 homes, farms, and cottages—housing an estimated 700 
to 800 people (nearly 10% of Meaford’s population)—are located directly downgradient in the 
potential flood path. 

Geological and Structural Vulnerabilities 

 Unstable Karst Foundation: The reservoir would be built on fractured dolostone and limestone 
containing karst features (voids, conduits, and caves). Hydrostatic pressure from daily water 
cycling could lead to "piping" (soil eroding through rock fractures), sinkhole formation, and 
eventual structural collapse of the ring dam. 

 Active Military Environment: The project's location on an active military base introduces unique 
risks. Ongoing heavy artillery fire and explosives training create ground vibrations that could 
destabilize the dam or accelerate bedrock fracturing. Stakeholders also note the risk of a direct 
ordnance hit or accidental detonation of unexploded ordnance (UXO). 
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 Seismic Risks: Historical seismic activity in the region, including a 4.3 magnitude earthquake in 
2005, raises concerns that natural shocks could provoke a catastrophic collapse. 

Environmental and Weather Hazards 

 Overflow Scenarios: Overtopping could occur due to instrumentation failure, operator error, or 
uncontrolled pumping. 

 Extreme Weather: Increasing frequencies of atmospheric rivers and extreme rainstorms could 
overwhelm drainage systems. 

 Wind-Induced Failure: High winds could generate waves capable of eroding the dam’s crest or 
overtopping the embankment. 

Potential Consequences of a Breach 

 Niagara-Like Flows: Engineering consultants estimate that a catastrophic breach could result in 
torrential flows of 5,100 to 5,300 cubic metres per second—a rate approaching the average annual 
flow of the Niagara River. 

 Rapid Inundation: Historical precedents like the 2005 Taum Sauk dam failure show that a full 
breach can occur in as little as 15 to 25 minutes, leaving no time for emergency warnings or 
evacuation for residents. 

 Physical Devastation: Such a flood would cause "torrential flooding, inundation of both DND and 
civilian lands, major slope and valley erosion... and very high potential for loss of both civilian 
and military life". 

Planning and Financial Deficiencies 

 Lack of Analysis: The Initial Project Description (IPD) is heavily criticized for containing no dam 
safety analysis, failure scenario modeling, or downstream inundation mapping. 

 Insurance and Liability: Many residents report that insurance companies have refused to provide 
coverage for "matters pertaining to TC Energy’s proposed project," leaving homeowners unable to 
obtain flood insurance or secure their property values. 

 

9. How does a ‘Closed Loop’ versus an ‘Open Loop’ Pumped Storage system compare at Meaford 
DND? 

The proposed Ontario Pumped Storage Project at Meaford DND is currently designed as an open-
loop system, a choice that is the primary driver for many of the environmental and ecological 
concerns raised by stakeholders. In contrast, a closed-loop system is frequently cited in the sources 
as a less invasive and environmentally preferable alternative. 

The following sections compare the two systems based on the source materials: 

1. Connection to Natural Water Bodies 

 Open-Loop (Proposed): This system maintains an ongoing hydrologic connection to a natural 
body of water—in this case, Georgian Bay. It utilizes the bay as the lower reservoir, repeatedly 
withdrawing and discharging massive volumes of water (approximately 23 billion litres) every day. 
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 Closed-Loop (Alternative): In a closed-loop system, the reservoirs are isolated from natural 
waterways. Water circulates indefinitely between two artificially created reservoirs. While it may 
require an initial fill from a natural source, it does not require the continuous large-scale water 
exchange that characterizes open-loop designs. 

2. Aquatic and Ecosystem Impacts 

 Open-Loop Risks: Because it draws directly from Georgian Bay, the open-loop design poses 
chronic risks of fish entrainment and impingement. Stakeholders point to the Ludington facility 
in Michigan, which reportedly killed millions of fish annually due to its open-loop design. It also 
risks disrupting thermal stratification and altering flow regimes in the bay. 

 Closed-Loop Benefits: A closed-loop design would substantially or entirely eliminate these risks 
to fish habitat and aquatic organisms because it decoupled from the living ecosystem of Georgian 
Bay. The U.S. Department of Energy has confirmed that closed-loop systems carry significantly 
lower environmental impacts than open-loop designs. 

3. Water Quality and Contamination 

 Open-Loop Concerns: Daily cycling in an open-loop system can stir up lakebed sediments, 
causing permanent turbidity. There is also concern that this cycling could disperse sequestered 
contaminants, such as heavy metals or PFAS, throughout the bay. 

 Closed-Loop Mitigation: By using self-contained reservoirs, a closed-loop system bypasses the 
environmental impacts of compromised water quality in a natural body of water. It removes the 
risk of contaminant transport between the construction site and the public waters of Georgian Bay. 

4. Flexibility and Location 

 Open-Loop Constraints: This design is site-specific; it must be located adjacent to an open 
body of water with a significant elevation gradient. This often requires building in environmentally 
sensitive "green-field" sites like the Niagara Escarpment, which may be far from the power grid 
and require long transmission lines. 

 Closed-Loop Flexibility: Closed-loop systems can be sited in more diverse locations, such as 
abandoned mines or quarries. For example, the Marmora project in Ontario is a closed-loop 
design that rehabilitates a brownfield mine site rather than altering a natural body of water. 

5. Operational Efficiency 

 Open-Loop: Proponents of the Meaford project estimate a round-trip efficiency of approximately 
70% to 75%. Some critics argue that the necessity of "slow rate" pumping to minimize aquatic 
disturbance in an open-loop system further restricts its ability to respond quickly to grid demands. 

 Closed-Loop: Closed-loop systems are often able to utilize variable rate technology, allowing 
them to adjust more flexibly to shorter, less predictable troughs in grid use. 
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Comparison Summary Table 

Feature Open-Loop (Meaford 
Proposal) 

Closed-Loop (Alternative) 

Lower Reservoir Georgian Bay (natural) Artificial/Constructed pond or 
basin 

Water Usage Daily exchange with public 
water 

Recirculates within an isolated 
system 

Fish Impact High risk of 
entrainment/mortality 

Minimal to none (isolated) 

Water Quality Risk of turbidity/toxin 
dispersal 

Bypasses natural water impacts 

Site Selection Restricted to natural shorelines Can use brownfields/mines 

Environmental 
Risk 

Widespread and longer-lasting Substantially lower 

 

10. How do BESS and High Voltage Transmission proximity compare to this project? 

The proximity of Battery Energy Storage Systems (BESS) to high-voltage transmission 
infrastructure offers a significant advantage over the proposed Meaford Pumped Storage Project, 
which is geographically fixed by the need for specific natural features. 

Proximity and Siting Flexibility 

 BESS: Battery systems are highly flexible in terms of location. They can be built virtually 
anywhere, allowing them to be sited on brownfield industrial sites directly adjacent to centers of 
high energy demand and existing high-voltage transmission corridors. One expert notes that 
BESS can even be built underneath or adjacent to any high-voltage corridor in Ontario. 

 The Project: In contrast, the Meaford project is constrained by two physical requirements: a 
significant elevation gradient (the Niagara Escarpment) and an open body of water (Georgian Bay). 
Consequently, the project is located distant from potential hydro connections and far from major 
energy demand centers like the GTA. 

High-Voltage Transmission Requirements 

 BESS: Because they can be built close to the grid, BESS projects can eliminate the need for new, 
long-distance transmission infrastructure. 

 The Project: The Meaford facility requires a high-voltage connection (230 kV or 500 kV) to the 
provincial grid. The "crow flies" distance to the Essa Transformer Station is approximately 75 
km, and the Meaford Transformer Station is about 21 km away. Proposed connection routes 
include: 

o Overland: An 80 to 100 km corridor that would traverse forests, private properties, and 
the Niagara Escarpment Plan Area. 
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o Subsea: A 50 km high-voltage cable buried under the lakebed from Meaford to Wasaga 
Beach, with further terrestrial connections to Stayner. 

Comparative Impacts of Transmission Proximity 

Feature BESS (Battery Storage) Meaford Pumped Storage 
Project 

Grid Proximity Can be sited directly next to 
existing grid nodes. 

Remote; requires 50–100 km of 
new high-voltage corridors. 

Transmission 
Cost 

Minimal; infrastructure is 
localized. 

Massive; billions required for 
long-distance lines or subsea 
cables. 

Land Use Small footprint (e.g., 100 
acres for 1,000 MW 
equivalent). 

Large footprint (500 acres) plus 
extensive transmission right-of-
ways. 

Environmental 
Risk 

Low; avoids disturbing 
sensitive landscapes. 

High; risk to escarpment, subsea 
ecosystems, and private land. 

Stakeholders emphasize that BESS acts as a "virtual transmission line" to reduce grid congestion 
without the heavy infrastructure and environmental scarring associated with the long-distance 
transmission lines required for the Meaford site. Additionally, the IESO has noted that pumped 
storage projects currently do not compare favorably to battery storage when considering these 
factors and overall ratepayer value. 

 

11. How does karst terrain affect the stability of the proposed ring dam and reservoir? 

The presence of karst terrain—a geological landscape characterized by fractured carbonate bedrock 
(limestone and dolostone), underground conduits, and voids—presents several critical stability risks to 
the proposed ring dam and reservoir on the Niagara Escarpment. 

According to the sources, the specific impacts of karst on infrastructure stability include: 

1. Structural Collapse and Sinkhole Formation 

The proposed reservoir would hold approximately 26 million cubic metres of water, exerting a 
massive hydrostatic load of roughly 26 billion kilograms on the underlying bedrock. In karst 
environments, subsurface voids or cavities can suddenly cave in under this immense weight, triggering 
sinkhole formation and potentially causing a catastrophic collapse of the reservoir floor or the dam 
foundation. 

2. Massive Uncontrolled Seepage and "Piping" 

Karst conduits and enlarged fractures provide natural "leakage pathways" that can transmit millions of 
litres of water per day with very little resistance. 

 Internal Erosion: High water pressure can force water into these channels, leading to "piping," 
where soil is washed out from beneath the dam. 
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 Undermining the Foundation: As soil "boils out" through these conduits, the dam foundation can 
be progressively undermined until a breach occurs. 

3. Cyclical Hydrostatic Loading and Fatigue 

The facility's operation involves a daily cycle of filling and emptying the reservoir. 

 Pressure Pulses: These repeated cycles impose fluctuating hydraulic pressures—described as 
"pressure pulses"—on the fractured rock. 

 Progressive Widening: These pulses can force water deeper into fractures, potentially enlarging 
existing cavities and widening dissolution features over the facility’s operational life, which leads 
to rock fatigue and long-term instability. 

4. Differential Settlement 

Because karst terrain is non-homogeneous and contains irregular voids, the bearing capacity of the 
ground varies significantly from one point to another. This can cause differential settlement, where 
parts of the 4.5-kilometre ring dam settle more than others, leading to structural cracks and loss of 
capacity to hold water. 

5. Sensitivity to Construction and External Vibrations 

Karst bedrock is uniquely sensitive to vibrations: 

 Construction Blasting: Blasting and heavy compaction during construction could trigger new 
sinkholes or enlarge existing subsurface voids. 

 Military Activity: The project’s location on an active base means continued human-induced 
seismic activity (artillery and explosions) may further accelerate the fracturing of the already 
sensitive dolostone. 

6. Assessment Deficiencies 

Stakeholders and geological experts have noted that the Initial Project Description (IPD) 
acknowledges known karst conditions but fails to provide a formal analysis of how these conditions 
affect dam safety. Specifically, the IPD lacks: 

 Detailed Karst Mapping: No 3D geophysical surveys or deep borehole data (beyond 30m) have 
been disclosed to map hidden conduits. 

 Dam Break Analysis: There is no modeling to show how the karst foundation would respond to a 
structural failure or extreme weather event. 

 Committed Mitigation: Critics argue the proponent uses non-committal language (mitigating 
"where feasible"), which does not meet international dam-safety standards for reservoirs built on 
such sensitive terrain. 

 

12. What are the specific risks to migratory bird pathways? 
The proposed Ontario Pumped Storage Project is situated along a critical migratory bird flyway that 
spans Georgian Bay and the Niagara Escarpment. Stakeholders and environmental experts have 
identified several specific risks to these migratory pathways: 
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1. Physical Hazards and Avian Collisions 
 Transmission Infrastructure: The project requires a new high-voltage transmission corridor 

(overland or subsea-to-land). High-tension lines present a significant risk of avian collisions, 
particularly where they pass through wooded regions and established bird migration corridors. 

 Intake and Discharge Structures: Because the daily cycling of water is expected to prevent 
natural ice formation in the vicinity of the intake/discharge structures, avian species may 
congregate in these open-water areas during winter. This could lead to unnatural congregation 
patterns and increased exposure to industrial activity. 

2. Loss and Fragmentation of Migration Stopover Sites 
 Escarpment Destruction: The permanent destruction of approximately 500 acres of the Niagara 

Escarpment removes vital habitat for migratory birds. The escarpment and Georgian Bay 
shorelines are described as essential stopover and refueling sites for millions of migrating 
landbirds. 

 Wetland and Stream Disruption: Migratory birds rely on the mosaic of wetlands and streams on 
the escarpment plateau. Constructing the reservoir could cut off water flow to these vital areas 
downstream, degrading the foraging and nesting resources birds need during their migrations. 

3. Disruption from Artificial Lighting and Noise 
 Industrial Lighting: The project will introduce extensive artificial lighting at night (ALAN) 

during both the multi-year construction phase and long-term operations. ALAN is known to 
disorient migrating birds, potentially causing them to deviate from their natural pathways or 
collide with structures. 

 Construction Nuisances: Sustained noise and vibration from six or more years of blasting and 
heavy vehicle traffic may displace birds from traditional nesting and stopover habitats. 

4. Attraction to Hazardous Infrastructure 
 Reservoir Risks: There is concern that the large reservoir could act as an "attractive nuisance," 

drawing in migratory species. However, the reservoir’s lack of vegetation margins, fluctuating 
water levels, and changing temperatures may not support the diverse insect life birds need, 
potentially leading to reproductive failure or mortality for species that attempt to use it. 

 The "Seagull Problem": The predicted annual mortality of millions of fish through the turbines 
could provide a regular food supply that attracts a massive increase in nuisance bird populations 
(such as seagulls). This could disrupt the natural balance of local bird communities and lead to 
significant pollution from bird excrement. 

5. Deficiencies in Migration Modeling 
Stakeholders argue that the Initial Project Description (IPD) fails to adequately address these risks. 
Critical gaps include: 
 An absence of baseline surveys and quantitative modeling regarding the project's impact on 

migration corridors. 
 A lack of disclosure regarding the sequencing of construction to avoid sensitive breeding or 

migratory periods. 
 No analysis of how the long-term presence of the reservoir will alter bird habitats and regional 

migration patterns. 

 

13. What are the tunnelling and underground powerhouse hazards? 

The construction and operation of the proposed underground powerhouse and water conveyance tunnels 
at the Meaford site involve significant geological, atmospheric, and safety hazards. According to the 
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sources, these risks are compounded by the site's unique status as an active military training area and 
its complex karst and shale geology. 

Atmospheric and Explosive Gas Hazards 

 Gassy Ground Risks: The project requires tunnelling through deep bedrock formations (Blue 
Mountain, Collingwood, and Utica equivalents) known to contain shale gas (methane) and 
hydrogen sulphide (H2S). Experts warn that these tunnels may effectively become "horizontal gas 
wells" during construction. 

 Explosion and Toxicity: Methane presents a critical explosive hazard, while hydrogen sulphide 
is both toxic and corrosive to equipment. Global data on tunnelling in gassy ground indicates a high 
probability of worker injuries, fatalities, and multi-year schedule delays due to gas inflows. 

 Ventilation Challenges: Standard ventilation systems often fail at the screw conveyors of tunnel 
boring machines where gas discharges are most concentrated, requiring complex aspiration systems 
to manage explosive limits. 

Geological and Structural Hazards 

 Karst Instability: The powerhouse and tunnels would be excavated in fractured and karstic 
bedrock characterized by voids, conduits, and dissolution channels. This creates risks of sudden 
subsurface collapse, sinkhole formation, and unpredictable bearing capacity. 

 Shale Heave: The formations involved, particularly the Queenston and Blue Mountain shales, are 
sensitive to "heave" (swelling or movement), which necessitates the immediate installation of 
reinforced structural liners as excavation progresses. 

 Hydraulic Hazards: Tunnelling under Georgian Bay carries a risk of unintended construction 
flooding if submerged bedrock ravines or fault structures are encountered. 

 Rock Fatigue: The weight of 26 billion kilograms of water combined with daily cycling may cause 
rock fatigue, leading to the development of new fractures and faults in the weak bedrock over time. 

Unexploded Ordnance (UXO) and Contamination 

 Accidental Detonation: Tunnelling and blasting occur in an area where 80 years of military 
training have left an unquantifiable amount of unexploded ordnance in the soil and subsurface. 
Blasting through karst rock could destabilize these legacy explosives. 

 Mobilization of Toxins: Large-scale excavation risks "unlocking" and mobilizing legacy 
contaminants—including heavy metals (lead, arsenic), "forever chemicals" (PFAS), and energetic 
materials—into the groundwater and Georgian Bay. 

 Contaminated Spoil: Boring the penstock tunnels is estimated to produce 74,000 tons of "spoil" 
(excavated dirt and rock), much of which may be contaminated and must be pumped up and 
disposed of safely. 

Operational and Nuisance Hazards 

 Structure-Borne Vibration: Placing the powerhouse underground does not eliminate noise; rather, 
vibration propagates through the bedrock—a continuous rock mass connection—to residential 
receptors on the surface. 
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 Cavitation and Water Hammer: Large reversible pump-turbines will routinely experience 
cavitation, generating broadband hydraulic noise and pressure surges. Additionally, mode 
transitions between pumping and generating create water hammer—impulsive pressure waves 
that transmit structural loads into the surrounding rock. 

 Emergency Response Gaps: The project introduces needs for specialized confined space rescue 
that may exceed current municipal capabilities. 

 Security Vulnerabilities: Siting a 1,000 MW critical energy asset on an active military base creates 
unique physical and cyber security risks, including the potential for unauthorized control leading 
to uncontrolled reservoir discharge. 

 

14. What are the anticipated Project Greenhouse Gas emissions including methane? 

The anticipated greenhouse gas (GHG) emissions for the Ontario Pumped Storage Project are a subject 
of significant dispute between the proponent (TC Energy) and local stakeholders. While the Initial 
Project Description (IPD) provides specific estimates, critics argue these figures are materially 
incomplete and based on outdated data. 

Construction Phase Emissions 

 Proponent Estimate: The IPD estimates that the construction phase will generate approximately 
598,153 tonnes of carbon dioxide equivalent (t CO2e) over five and a half years. 

 Omission of Embodied Carbon: Stakeholders highlight that this estimate covers only fuel 
combustion from vehicles and vegetation clearing. It omits the embodied carbon associated with 
the massive quantities of cement, concrete, and steel required for the 4.5-kilometre ring dam and 
underground powerhouse. Studies suggest embodied carbon can represent over 50% of a large 
dam's total construction emissions. 

 Critic Estimates: Independent assessments suggest total construction emissions could range from 
800,000 to 1,500,000 tonnes of CO2. One specific calculation estimates that 11 million litres of 
diesel fuel alone will produce 275,000 tons of CO2 effluent. 

Methane (CH4) Emissions 

Methane is identified as a critical but under-analyzed component of the project's GHG profile: 

 Geological Methane (Shale Gas): The project involves tunneling through deeper bedrock 
formations (Blue Mountain and Collingwood shales) known to contain natural methane gas. 
Experts warn these tunnels may act as "horizontal gas wells," requiring these gases to be vented to 
the atmosphere during construction, which would have significant GHG impacts. 

 Reservoir Decomposition: Critics note that reservoirs can be sources of methane through the 
decomposition of inundated organic matter under anaerobic conditions. While this is a common 
issue for conventional hydropower, stakeholders argue that the daily "wetting and drying" of the 
reservoir margins in a pumped storage system must be assessed under IPCC guidelines. 

Operational GHG Impact 

 Proponent Claim: TC Energy claims the project will deliver a net reduction in Ontario grid 
emissions of 490,000 t CO2e annually, equivalent to removing 150,000 cars from the road. 
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 "Energy-Negative" Counter-Argument: Critics emphasize that the facility is a net consumer of 
electricity, requiring approximately 30% more energy to pump water up than it generates on 
release. The net climate benefit depends entirely on whether the pumping power comes from non-
emitting sources or from gas-fired "peaker" plants. 

 Impact on U.S. Exports: A major concern is that diverting emission-free nuclear power from 
Ontario's surplus to the project will reduce exports to U.S. states (like Michigan and Minnesota) 
that rely heavily on coal and gas. This could indirectly increase CO2 emissions by 700,000 to 
1,400,000 tonnes per year in those jurisdictions. 

Net-Zero Requirements 

Under the Strategic Assessment of Climate Change (SACC), the project is federally required to 
achieve net-zero emissions if it continues to operate beyond 2050. Stakeholders argue the current IPD 
contains no credible pathway, offset mechanism, or monitoring framework to meet this regulatory 
obligation. 

 

15. What are the Transmission Alternatives to connect Meaford DND, Pumped Storage to 230 kV 
lines? 

To connect the proposed 1,000 MW Ontario Pumped Storage Project to the provincial grid, high-
voltage transmission lines of either 230 kV or 500 kV will be required. Currently, the project 
proponents have identified two primary alternative routes, though a final "preferred route" has not yet 
been determined. 

The main transmission alternatives identified in the sources are: 

1. Subsea Transmission Option (Stayner Connection) 

This option is frequently cited as the alternative developed in response to community concerns 
regarding overland high-voltage lines. 

 Route: This would involve burying approximately 50 kilometres of high-voltage cable along the 
bottom of Georgian Bay from the project site in Meaford to a landing point in Wasaga Beach. 

 Onshore Connection: From Wasaga Beach, the connection would continue for an estimated 15 
kilometres via underground or overhead lines to Hydro One’s Stayner Transformer Station. 

 Preference: The Municipality of Meaford has formally declared its preference for this subsea 
option to minimize terrestrial impacts on the community. 

2. Overland Transmission Option (Essa or Meaford Connection) 

This alternative involves traditional land-based high-voltage corridors. 

 Essa Transformer Station: An overland corridor extending approximately 80 to 100 kilometres 
from Meaford to Hydro One’s Essa Transmission Station near Barrie. This route would traverse 
forests, agricultural lands, and parts of the Niagara Escarpment and Beaver Valley. 

 Meaford Transformer Station: A shorter land connection (approximately 21 kilometres "as the 
crow flies") to the existing Meaford Transformer Station. 
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o Voltage Constraint: Sources note that the Meaford TS is currently served by a 115 kV 
line. Utilizing this connection for the project would likely require upgrading or replacing 
approximately 67 kilometres of existing transmission infrastructure to 230 kV. 

o Protected Areas: This route would likely traverse the Niagara Escarpment Plan Area and 
a UNESCO World Biosphere Reserve. 

Key Technical and Environmental Considerations 

 Grid Proximity: Stakeholders point out that the project is "distant from potential hydro 
connections," requiring these massive infrastructure builds regardless of the route chosen. 

 System Lifespan: While the project has a projected life of 50 to 100 years, buried high-voltage 
cables typically last only 40 years, requiring costly and disruptive replacement during the facility's 
operation. 

 Impacts: Overland routes face opposition due to potential deforestation, habitat fragmentation, 
and devaluation of private property. Subsea options raise concerns regarding benthic 
disturbance and the impact of heat and electromagnetic fields on marine life. 

 Battery Alternative: Critics often contrast these massive transmission requirements with Battery 
Energy Storage Systems (BESS), which can be sited directly adjacent to existing high-voltage 
corridors or centers of demand, potentially eliminating the need for new long-distance transmission 
lines. 

16. Are there other Alternative Pump Storage Sites available on DND Lands? 
Based on the source materials, there are several identified alternative pumped storage sites on the 
Department of National Defence (DND) lands at the 4th Canadian Division Training Centre (4 CDTC). 
While the proponent, TC Energy, has focused its Initial Project Description (IPD) on the "Garrison Site" 
at the southeast corner of the base, local stakeholders and engineering reviews have proposed other 
locations that they argue are technically and environmentally superior. 
The primary alternative sites identified include: 
1. Mountain Lake Site Alternatives 
A comprehensive review by Hunter and Associates identified two overlapping site alternatives on the 
upland southeast of Mountain Lake. 
 Scale and Capacity: These sites could potentially generate 3,000 MW or more—triple the 

capacity of the currently proposed project. They include conceptual designs for a circular 400-acre 
site and a circular 800-acre site. 

 Safety Advantages: These locations are remote from populated civilian areas, meaning a reservoir 
breach would not pose the same life-threatening flood hazard to the ~300 homes located below the 
proposed Garrison Site. 

 Geological Suitability: The Mountain Lake sites are situated on impervious shale uplands, which 
would minimize the risk of reservoir leakage compared to the fractured karst terrain of the Garrison 
Site. 

 Operational Trade-offs: The primary disadvantage is that these sites encroach on DND live-fire 
ranges and unexploded ordnance (UXO) impact zones, requiring significant cleanup and 
relocation of military functions. 

2. North End of the Base (Clay Banks) 
Stakeholders understand that a location along the north end of the base, near the "clay banks," was 
considered at one time. 
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 Pros: This location is extremely remote with no residents nearby, offering the least potential for 
human mortality in the event of a dam failure. 

 Cons: It would likely interfere with active DND training operations on the base. 
3. East Side of the Base 
Earlier conceptual designs from the proponent reportedly showed a plant positioned along the east side 
of the base, centered between the southeast corner and Cape Rich. 
 Pros: Like the North End option, this is considered a remote location with limited potential for 

property damage or mortality if the reservoir were to fail. 
 Cons: Its impact on specific DND operations remains uncertain in the provided materials. 
Comparison of Alternative Locations on DND Lands 
Site Location Characterization Key Benefit Key Drawback 

Garrison Site 
(Proposed) 

Southeast corner 
adjacent to barracks 

Proximity to existing 
base infrastructure 

High risk to ~300 
civilian homes 
directly below 

Mountain Lake 
(Hunter Review) 

Upland southeast of 
Mountain Lake 

Higher capacity (3,000 
MW); safer shale 
foundation 

Encroaches on live-
fire ranges and UXO 
zones 

North End (Clay 
Banks) 

Remote northern 
shoreline 

Maximum public safety; 
no nearby residents 

Likely interferes with 
DND training 

East Side (Cape 
Rich area) 

Central eastern 
shoreline 

Remote; limited damage 
potential 

Impacts on DND 
operations uncertain 

Critics argue that the IPD is deficient because it fails to meaningfully analyze these alternatives, 
particularly the Mountain Lake options, which offer significantly greater energy storage and lower risk 
to the civilian community. 
 

17. What is TC Energy’s environmental track record? 

TC Energy’s environmental track record is a major point of concern for local stakeholders, who describe 
it as a history of pipeline failures, regulatory non-compliance, and significant carbon emissions. 
Critics argue that the company’s past performance undermines its claims that the Ontario Pumped 
Storage Project will be built and operated safely. 

The following key areas define TC Energy’s environmental and corporate track record as presented in 
the sources: 

Pipeline Spills and Safety Records 

 Keystone Pipeline Leaks: The company's Keystone Pipeline has experienced several major spills, 
including a 383,000-gallon spill in North Dakota in 2019 and a 13,000-barrel spill in Kansas in 
2022. The Kansas spill resulted in cleanup costs exceeding $480 million (US). 

 Industry Comparison: According to the National Energy Board (NEB), between 1992 and 2014, 
TC Energy (then TransCanada) or its subsidiaries were responsible for 17 of the 39 major pipeline 
accidents in Canada, accounting for nearly half of the serious breaches on federally regulated 
pipelines during that period. 
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 Regulatory Warnings: The US Pipeline and Hazardous Materials Safety Administration 
(PHMSA) noted in 2023 that Keystone’s safety record was "worse than the US average" and 
suggested its maintenance programs might be inadequate to address a "repetitious pattern of 
failures." 

Regulatory Non-Compliance and Fines 

 Coastal GasLink Infractions: In British Columbia, the Coastal GasLink pipeline project has faced 
significant regulatory scrutiny, receiving 59 warnings, 13 stop-work orders, and over $800,000 
in fines for non−compliance. Specific fines include $340,000 for repeated non-compliance and 
$346,000 for failing to comply with environmental regulations and providing "false and 
misleading" maintenance information. 

 IESO Fine: In 2023, TC Energy was fined $3.72 million by Ontario’s Independent Electricity 
System Operator (IESO) for making submissions that were deemed "knowingly and recklessly 
misleading or deceptive" and failing to correct them. 

Corporate Greenhouse Gas Profile 

 Total Emissions: TC Energy’s primary business—piping and burning fossil fuels—generates 
approximately 13,500,000 tonnes of CO2 emissions annually, equivalent to the emissions of 
roughly 4.1 million cars. 

 Greenwashing Concerns: Residents and environmental groups accuse the company of 
"greenwashing" the Meaford project to provide a "green veneer" to its fossil-fuel-centric business 
model. They point to strategic partnerships with conservation groups (such as an $11.4 million 
commitment to the Nature Conservancy of Canada) as efforts to manage its reputation rather than 
its environmental impact. 

Engagement and Ethical Concerns 

 First Nations Relations: The sources cite historical "bad-faith engagement" with First Nations, 
specifically noting that the Lubicon Cree and the Athabasca Chipewyan First Nation felt their 
concerns were ignored or that the company attempted to "buy them off" during pipeline project 
developments. 

 Covert Lobbying: Leaked recordings of company calls in 2024 allegedly showed an executive 
(who later resigned) boasting of covert lobbying tactics used to secure government approvals. 

 Legal Tactics: In 2014, documents revealed a public relations strategy that included a $5 million 
Strategic Lawsuit Against Public Participation (SLAPP) to discourage opposition to the 
Keystone XL pipeline. 

Stakeholders emphasize that TC Energy has no experience building or operating pumped storage 
facilities, raising alarms that a company struggling with its core competency (pipelines) is now 
proposing to build a 26-billion-litre reservoir directly above a residential community. 
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18. Does Meaford have significant medical, health and residential accommodation capacity to 
support the influx of workers and families required to construct the Pumped Storage? 

Based on the provided sources, Meaford does not currently have the capacity in medical, health, or 
residential services to support the anticipated influx of construction workers and their families for the 
Pumped Storage Project. 

The following details from the sources highlight the specific capacity constraints: 

Medical and Healthcare Services 

The local healthcare system is described as already operating under significant strain and is not 
equipped for a rapid population surge. 

 Hospital Constraints: Meaford Hospital is a small facility with only 15 inpatient beds (surging 
to 17 during peak periods) and approximately 100 staff. It lacks specialized equipment, such as an 
MRI machine, and has no abundance of doctors. 

 Primary Care Gap: Primary care access is severely limited; most existing family physicians have 
full patient rosters, and the town lacks a dedicated walk-in clinic. 

 Emergency Wait Times: Current emergency department wait times average 1 to 1.5 hours for low-
acuity cases and ~4 hours for total stays; an influx of transient workers is expected to lengthen these 
wait times. 

 Recruitment Barriers: The lack of available rental housing in Meaford makes it difficult to recruit 
temporary physicians or specialists to scale up services. 

Residential Accommodation 

Planners and residents indicate that Meaford’s housing market is too small and inflexible to absorb the 
estimated 800 to 900 temporary workers required for the project. 

 Insufficient Stock: The current housing stock cannot support the influx, forcing many tradespeople 
to commute from distant communities like Owen Sound, Hanover, and Walkerton. 

 Rental Market Strain: Meaford has very low rental vacancy rates. The expected demand is 
predicted to drive rental costs to levels that could displace current residents and increase local 
homelessness. 

 Slow Development: New housing production is low—under 100 units per year—and is primarily 
focused on high-priced single-family homes rather than affordable or rental units. 

 Servicing Limits: Plans for purpose-built temporary worker housing remain conceptual and are 
strictly limited by wastewater treatment constraints. 

Broader Social Infrastructure and Education 

Other essential services required by families are also at or exceeding their functional capacity: 

 Overcrowded Schools: Local schools are already over capacity. Georgian Bay Community 
School operates at 114% capacity with over 1,200 students, while Beaver Valley Community 
School operates at 115%. Both rely heavily on portable classrooms. 

 Wastewater Limitations: The wastewater treatment plant is operating near its limits, and a 
required expansion would take four to five years to plan and build. 
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 Emergency Services: Meaford relies on a volunteer-based fire service that already faces daytime 
coverage challenges because many volunteers work outside the community. 

 Policing: The local OPP facility is inadequate for current needs, failing to meet provincial 
standards and lacking the space to support additional officers or administrative staff. 

In summary, the sources characterize Meaford's social infrastructure as "operating near capacity," with 
local residents and officials warning that the "boom" phase of the project will likely overwhelm these 
limited systems. 

 

19. What is the lingering trauma of the 1942 Land Expropriation of 18,000 acres for a Military Base 
at Meaford? 

The 1942 land expropriation for the Meaford military base remains a source of profound longstanding 
distrust and "lingering trauma" for the community, a sentiment that has been reignited and 
compounded by the proposed Ontario Pumped Storage Project. 

The following factors characterize the trauma associated with this historical event: 

The Scale and Speed of Displacement 

 Massive Scope: In 1942, at the start of WWII, the federal government expropriated over 18,000 
acres of fertile farmland, including fruit orchards, from more than 150 legal landowners. 

 Abrupt Relocation: Families were given only two to three months to relocate their homes and 
move their livestock. Many were forced to leave their standing crops behind to decay. 

 Destruction of Heritage: Every home, farm, and outbuilding on the site was systematically 
destroyed through tank fire and cannon practice, turning ancestral homesteads into military 
targets. 

The "Broken Promise" of Return 

 Expectation of Repatriation: Many displaced farmers and their families were led to believe that 
their land would be returned to them once the war was over. 

 Permanent Loss: Repatriation never occurred. Instead, in 1945, residents were informed the land 
was too contaminated for habitation, and access was severely restricted after two brothers were 
killed by unexploded ordnance in 1946. 

 Generational Distrust: This perceived betrayal created a "longstanding distrust of 
government" that has been passed down through generations of descendants who still live in the 
area. 

Perception of the Current Project 

 A "Second Expropriation": Many community members view TC Energy’s proposal as a "second 
expropriation" of their lands and heritage. 

 Ethical Betrayal: Residents and descendants feel it is morally and ethically unacceptable for 
land taken for "national priority" (war) to now be used by a private, for-profit corporation for 
commercial gain. 
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 Inequitable Access: Some find it "questionable" that while descendants have been denied access 
to their family’s former home sites for 80 years due to safety risks, a large corporation is suddenly 
granted access to 750 acres for industrial construction. 

Impact on Indigenous Communities 

 Cumulative Dispossession: Members of the Chippewas of Nawash Unceded First Nation have 
shared that the 1942 event was an unfair expropriation of their traditional lands, adding another 
layer to the regional trauma and ongoing claims for justice and reconciliation. 

The sources suggest that this historical context has transformed the modern project from a mere 
infrastructure proposal into a battle over the "Honour of the Crown" and the healing of an 80-year-
old wound. For many, the project is not seen as a "green" solution, but as a betrayal of the sacrifices 
made by their ancestors for the country's defense. 

 

20. What are the Indigenous Concerns about the Pumped Storage Project on DND Lands at Meaford 
and Applicable Treaty Boundaries? 

Indigenous concerns regarding the proposed Ontario Pumped Storage Project center on the protection 
of traditional territories, the sanctity of water as a living entity, and the potential disturbance of 
ancestral remains and culturally significant species. While the project is often framed as a 
"partnership" with the Saugeen Ojibway Nation (SON), several Indigenous groups have raised 
substantive questions regarding its long-term impacts and the adequacy of the consultation process. 

Major Indigenous Community Concerns 

 Saugeen Ojibway Nation (SON): Although TC Energy identifies SON as a primary partner, no 
commercial partnership agreement had been finalized as of early 2026. SON community members 
have expressed significant concerns regarding fish mortality, water quality degradation, and 
reservoir safety. Chief Gregory Nadjiwon of the Chippewas of Nawash Unceded First Nation has 
emphasized that his people are not merely "validators" to help the company secure government 
support but are careful stewards who require full consideration and compensation. 

 Curve Lake and Hiawatha First Nations: These Michi Saagiig Anishinaabeg nations assert that 
the project is within their traditional territory and will impact their ongoing spiritual and cultural 
relationship with the land and water. They argue that western science fails to account for these 
spiritual impacts, which cannot be quantified and require deep engagement with Knowledge 
Sharers. 

 Traditional Harvesting and Fisheries: Native species such as Lake Sturgeon (na’ me) and Lake 
Whitefish (adikameg) are of profound cultural and subsistence significance. Indigenous groups 
fear that the project's "open-loop" design will cause catastrophic fish kills and disrupt the Treaty-
protected fishery that supports the economy of communities like Neyaashiinigmiing (Cape 
Croker). 

 Archaeological and Ancestral Risks: There is a high concern for potential Ancestral remains 
along historic shorelines that are now underwater. Because the project site was dry land 
approximately 8,000 to 11,000 years ago, Indigenous nations believe there is a high likelihood of 
encountering submerged archaeological deposits during in-water construction. 
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 Water as a Living Entity: For the Anishinaabeg, water (nibi) is a life-giving being rather than a 
mere resource. They express concern that "utilizing" or "exploiting" this water through massive 
daily withdrawals and discharges violates their role as its stewards. 

Applicable Treaty Boundaries and Disputes 

The project site sits within a complex landscape of overlapping treaty claims and historical grievances: 

 Treaty 45½ (1836) and Treaty 72 (1854): These treaties are cited by SON as the basis for their 
traditional territory, which includes the project area on the Niagara Escarpment and the waters of 
Georgian Bay. SON previously claimed exclusive rights to the bed of Georgian Bay in a 2004 
legal suit; while the suit was withdrawn in 2025, they continue to seek a resolution regarding these 
contested waters. 

 Treaty 18 (1818): Several stakeholders and residents argue that the project location actually falls 
under Treaty 18, signed by the Chippewas of Rama, Georgina Island, and Beausoleil. Some 
submissions dispute the accuracy of project maps, claiming they extend SON boundaries too far 
east into territory traditionally belonging to these other nations. 

 Williams Treaties (1923): Nations such as Curve Lake and Hiawatha reference their rights under 
the Williams Treaties and the 2018 Settlement Agreement, emphasizing that their ancestors traveled 
and harvested across these Great Lakes watersheds. 

 1942 Expropriation Trauma: Members of the Chippewas of Nawash have shared that the 1942 
expropriation of 18,000 acres for the military base was an unfair dispossession of their traditional 
lands, a trauma that is reignited by the prospect of a private corporation now using those same 
lands for profit. 

Concerns Regarding Process and Good Faith 

 Consultation Standards: Indigenous nations argue that the project triggers the Crown’s Duty to 
Consult and Accommodate under Section 35 of the Constitution, which cannot be fulfilled solely 
through the proponent's "Coffee Chats" or public participation processes. 

 "Bad-Faith" History: Critics point to TC Energy's past interactions with the Lubicon Cree and 
Athabasca Chipewyan First Nation as evidence of "bad-faith engagement," where Indigenous 
concerns were allegedly ignored or addressed only through attempts to "buy off" opposition. 

 United Nations Declaration on the Rights of Indigenous Peoples (UNDRIP): Nations are 
demanding that the Crown ensure Free, Prior and Informed Consent (FPIC) is obtained before 
any approval, noting that a commercial partnership negotiation is not a substitute for collective 
community-level consent. 
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Georgian Bay (Ontario) Pumped Storage Hydropower Project  
‘Closed’ AI Summary of the Pumped Storage Design Criteria utilizing the Initial 
Project Description 

1. What is the Pumped Storage Design Stated Criteria Range for Energy Capacity (MW) and
Energy Storage (MWh)? 

The Ontario Pumped Storage Project has established specific design criteria for its energy capacity 
and storage to meet the growing needs of the Ontario electrical system. 

Energy Capacity (MW) 

The project is designed to provide 1,000 MW of flexible, non-emitting, firm clean energy. To 
achieve this, the facility is proposed to use four pump turbine generator (PTG) units, each with 
a capacity of approximately 250 MW. This capacity is sufficient to power approximately one 
million homes. 

Energy Storage (MWh) 

The stated energy storage criteria for the project is as follows: 

 Target Storage: The project seeks to provide approximately 10,000 MWh of energy storage.

 Maximum Storage: The design is described as being capable of supplying or storing up to 10,600
MWh of electricity.

 Operational Duration: This storage allows for the generation of power for up to 11 hours.

The project's location at the 4th Canadian Division Training Centre (4 CDTC) is considered unique
because it allows for a substantial elevation change (approximately 174 m) between the reservoir
and Georgian Bay, enabling the efficient generation of this 1,000 MW capacity while remaining
close to a suitable interconnection point in the Ontario electricity grid.
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2. What is the range of Reservoir Areas, Water Storage Quantity, Active Water Depths for 4.5 
or 4.6 km Ring Dam length? 

Based on the provided sources, the design parameters for the reservoir corresponding to a 4.5 km 
ring dam length (the sources consistently state "approximately 4.5 km" rather than 4.6 km) are as 
follows: 

 Reservoir Area: The ring dam is designed to encircle approximately 135 hectares (ha) of land. 
The total Project footprint is anticipated to be less than 500 acres (approximately 202 ha). 

 Water Storage Quantity: The reservoir is designed to hold approximately 26 million m³ of water. 
This volume of water is intended to provide approximately 10,000 MWh of energy storage, with a 
maximum capability of up to 10,600 MWh. 

 Active Water Depths: The sources do not explicitly state a specific range for active water 
depths within the reservoir. However, it is noted that the reservoir will be located on a level plateau 
approximately 174 m above the surface of Georgian Bay. 

It is important to note that the Project is currently in the conceptual and preliminary design stages. 
TC Energy has stated that the design and specifications of Project components are ongoing and 
approximate, as engineering and field studies continue to refine the design for efficiency and to 
reduce environmental effects. 

 

3. What are the expected hydraulic heads above Georgian Bay? 

Based on the sources, the suspected hydraulic head for the project is generated by the significant 
elevation differential between the upper reservoir and Georgian Bay. 

 Primary Elevation: The reservoir is proposed to be located on top of the level plateau of the 
Niagara Escarpment, which is approximately 174 m above the surface of Georgian Bay. 

 Natural Elevation Change: The project site at the 4th Canadian Division Training Centre (4 
CDTC) is noted for having a natural elevation change of 150 m from the top of the Niagara 
Escarpment to the Georgian Bay shoreline. 

The project's design criteria require a sufficient elevation differential (at least 10%) to generate the 
necessary hydraulic head for efficient electricity generation. This specific topographic feature is 
what makes the site unique for a 1,000 MW pumped storage facility in southwestern Ontario. 

 



May 21, 2026 1 

MEMO

To: 

From: 

Date: 

File No.: 

Subject: 

Garry Hunter, M.A.Sc., P.Eng. 

Hunter Folkes 
Scott MacPhee, B.A.Sc., P.Eng. 
Hunter and Associates 

May 21, 2026 

22-402

Georgian Bay (Ontario) Pumped Storage Hydropower Project  
‘Closed’ AI Summary of the Pumped Storage Design Criteria utilizing the IAAC 
Public Submissions 

1. What is the Pumped Storage Design Stated Criteria Range for Energy Capacity (MW) and
Energy Storage (MWh)? 

The stated design criteria for the proposed Ontario Pumped Storage Project specify an energy 
capacity and storage range as follows: 

 Energy Capacity: The project is consistently designed to provide 1,000 MW of electricity to the
provincial grid.

 Energy Storage: The stated energy storage capacity ranges from 8,000 MWh to 10,000 MWh.

 Duration: The project is intended to discharge this energy over a period of 8 to 11 hours during
Ontario’s peak demand periods.

Noted Discrepancies and Technical Challenges

While these are the "stated" criteria, several sources in the provided materials highlight
inconsistencies and technical concerns regarding these figures:

 Mathematical Inconsistency: One critique notes that TC Energy’s claim of a 1,000 MW output
for 11 hours yielding 10,000 MWh is mathematically inaccurate, as 1,000 MW multiplied by 11
hours should equal 11,000 MWh. The source suggests that achieving 10,000 MWh over 11 hours
would require the output to be derated.

 Reservoir Limitations: Technical reviews suggest that it is not feasible to produce 1,000 MW for
11 hours from the proposed 26 million cubic meter reservoir. Standard calculations using that
reservoir size and a 174-meter head pressure estimate a storage capacity of only 8,860 MWh,
assuming 72% efficiency.

 Overstatement of Values: A peer review indicates that the Initial Project Description (IPD) may
overstate the fundamental reservoir storage capacity (MW) and energy storage (MWh) by 20% or
more.
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 Varying Estimates: Early project descriptions and reports from 2020 specified a firm generation 
capacity for 8 hours (8,000 MWh), while more recent filings have extended this duration to up to 
11 hours. 

Additionally, for comparison, alternative sites on the same Department of National Defence lands 
have been identified with the potential for higher generation capacities, ranging from 1,500 MW 
to 3,000 MW. 

 

2. What is the range of Reservoir Areas, Water Storage Quantity, Active Water Depths for 4.5 
or 4.6 km Ring Dam length? 

Based on the provided documents, the range of technical specifications for a reservoir defined by 
a ring dam length of 4.5 to 4.6 km varies depending on whether the figures are from TC Energy’s 
Initial Project Description (IPD) or independent technical reviews of that proposal. 

Reservoir Areas 

For a ring dam of this length, the surface area range is 240 to 400 acres (approximately 97 to 162 
hectares): 

 Stated IPD Criteria (4.5 km length): The proponent specifies an area of approximately 135 
hectares (334 acres). Other diagrams in the sources also reference a surface area of 375 acres for 
the upper reservoir. 

 Independent Review Estimates (4.5 - 4.6 km length): Peer reviews suggest that at a 4.5 km 
perimeter, the actual surface area may be closer to 240 acres for the "jelly bean" shape proposed. 
However, a more efficient circular reservoir at a 4.6 km length could achieve an area of 400 acres. 

 Modeled Scenarios (4.6 km length): Technical modeling for various design scenarios estimates a 
surface area between 257 and 260 acres. 

Water Storage Quantity 

The water storage capacity for this dam length ranges from 16.8 million m³ to 32.4 million m³: 

 Stated IPD Criteria (4.5 km length): The project is consistently described as retaining 
approximately 26 million cubic metres of water. Some earlier project descriptions cited a capacity 
of 23 million m³ (or 23 billion litres). 

 Independent Review Estimates (4.5 - 4.6 km length): Independent calculations for a 4.5 km 
perimeter estimate active storage at 16.8 million m³. Technical reviews of the "jelly bean" footprint 
suggest a range of 18.2 to 19.3 million m³ for a 4.6 km length. 

 Alternative Design (4.6 km length): A circular alternative at 4.6 km length is estimated to provide 
significantly higher storage of 32.4 million m³. 

Active Water Depths 

The active water depth ranges from 20 to 22 metres: 

 Stated IPD Criteria: The working depth of the water is specified as approximately 20 metres. 
This depth is consistent across most proponent descriptions and several modeled scenarios. 
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 Independent Review Estimates: One technical profile for an alternative 4.6 km perimeter design 
estimates an active water depth of 22 metres. 

 Inactive Storage: In addition to the active depth, designs typically include 6 to 8 metres of lower 
"dead" or inactive storage for sediment management and turbidity reduction. 

Summary Table for 4.5 – 4.6 km Dam Length 

Specification IPD / Stated Range Independent Review / Alternative Range 

Reservoir Area 334 – 375 acres 240 – 400 acres 

Water Storage 23 – 26 million m³ 16.8 – 32.4 million m³ 

Active Depth 20 metres 20 – 22 metres 

 

3. What are the expected hydraulic heads above Georgian Bay? 

For the proposed Ontario Pumped Storage Project at the Meaford Garrison site, the expected 
hydraulic heads above Georgian Bay vary depending on the water level in the reservoir, with 
specific values provided for both the proponent's preferred site and potential alternatives. 

Proposed Garrison Site (Proponent Site) 

The hydraulic head for the primary project site is characterized by the following elevations and 
ranges: 

 Average Hydraulic Head: Estimated at 184 metres above Georgian Bay. 

 Maximum Hydraulic Head (Reservoir Full): Specified as 193 metres. 

 Minimum Hydraulic Head: Specified as 173 metres. 

These heads are calculated based on an assumed Georgian Bay water level of 177 metres above 
sea level (asl) and a reservoir active water level ranging from 350 m asl to 370 m asl. 

Alternative "Mountain Lake" Sites 

Technical reviews of alternative locations on the same Department of National Defence lands 
identify lower hydraulic heads: 

 Average Hydraulic Head: Approximately 158 metres. 

 Maximum Hydraulic Head: Approximately 169 metres. 

 Minimum Hydraulic Head: Approximately 147 metres. 

These alternatives utilize a lower plateau, with active reservoir water levels ranging from 324 m 
asl to 346 m asl. 

General Stated Elevation Difference 

In broad project descriptions and early conceptual documents, the elevation difference between the 
top of the Niagara Escarpment and Georgian Bay is frequently cited as approximately 150 metres. 
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Summary of Elevation and Head Data 

Metric Proposed Garrison 
Site 

Alternative Mountain Lake 
Site 

Upper Water Level (Full) 370 m asl 346 m asl 

Lower Water Level 
(Empty) 

350 m asl 324 m asl 

Georgian Bay Level 177 m asl 177 m asl 

Maximum Hydraulic 
Head 

193 metres 169 metres 

Minimum Hydraulic 
Head 

173 metres 147 metres 

Average Hydraulic Head 184 metres 158 metres 

For further context, the Ludington facility in Michigan, which TC Energy has used as a comparable 
model, operates with a significantly lower average hydraulic head of approximately 100 metres. 
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Georgian Bay (Ontario) Pumped Storage Hydropower Project  
Closed AI Query – Summary of Selected DND Meaford Munitions and 
Groundwater Contamination Monitoring Reports 

Artificial Intelligence (AI) has been utilized to provide a ‘closed query’ summary of the following DND 
Meaford Munitions and Contamination Monitoring Reports as described below. 

The Evaluation of Soil Contamination by Explosive and Metals at Meaford DND by Defence R & D Canada 
- Valcartier (May 2009); the Stantec 2020 Groundwater Monitoring and Sampling Report for DND (Mar
30, 2021); the Stantec 2021 Groundwater Monitoring and Sampling Report (Mar 22, 2022); the Arcadis
Groundwater Monitoring and Sampling Report (Mar 2023); the Meaford DND Munitions Monitoring Plan,
Part B - Annual Results Report (Mar 2024) and the Meaford DND Munitions Monitoring Plan, Part B -
Annual Results Report (Aug 2025).

Note: ‘Deep’ wells refer to groundwater monitoring wells screened not deeper than 10-20 m. 

___________________________ 

May 20, 2026 5:00 pm version AI results. 

Overview of sources (6 Reports) 

This 2023 Annual Results Report document outlines the environmental monitoring efforts at the 4 
Canadian Division Training Centre (CDTC) Meaford in Ontario. Prepared by the Environmental 
Sciences Group for the Department of National Defence, the report evaluates the impact of munitions 
constituents, such as metals and propellants, released during military training. The primary focus is 
a groundwater monitoring plan designed to ensure compliance with federal and provincial 
environmental regulations. Key objectives include preventing the transboundary migration of 
contaminants and protecting local aquatic life and fisheries. The results are compared against 
established reference values and site-specific guidelines to identify potential ecological or health risks. 
Ultimately, the report provides technical data and recommendations to maintain the sustainable use of 
the training ranges. 
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1. Please provide a summary for current contamination of groundwater and soils at depths less 
than 25 m below ground, including parameter range. 

Based on the provided documents, the current contamination of groundwater and soils at the 4th 
Canadian Division Training Centre (4CDTC) Meaford, focusing on depths less than 25 m below 
ground surface (m BGS), is characterized by various exceedances of federal and provincial quality 
guidelines. The environmental monitoring categorizes groundwater into a shallow zone (typically 
10–12 m BGS) and a deep zone (starting below 12 m BGS). Soil studies have also examined depths 
up to 30 m in specific training ranges. 

Groundwater Contamination (< 25 m BGS) 

Groundwater contamination involves general chemistry parameters, dissolved metals, and trace 
organic compounds. While many parameters are within background levels, several consistently 
exceed applicable criteria such as the Federal Interim Groundwater Quality Guidelines (FIGQG) and 
Ontario Site Condition Standards (SCS). 

General Chemistry and Anions 

Exceedances in both shallow and deep aquifers frequently include chloride, fluoride, nitrate, and 
sulphate. 

 Nitrite: Exceedances are primarily found in the shallow aquifer only. 

 Sulphate: Widely reported, with some concentrations significantly elevated near specialized 
areas like the 7th Line. 

 Ranges (Representative): 

o Chloride: Up to 10,104 mg/L. 

o Fluoride: 0.8 – 5.2 mg/L. 

o Nitrite-N: Up to 0.8 mg N/L. 

o Sulphate: 331 – 2,147 mg/L. 

Dissolved Metals 

Monitoring has identified several metals exceeding irrigation and aquatic life guidelines. Notably, 
exceedances for aluminum, arsenic, and zinc are typically restricted to the shallow aquifer, while 
sodium and strontium exceedances are more characteristic of the deep aquifer. 

 Boron: One of the most frequent exceedances, particularly in shallow wells. 

 Iron and Manganese: Common exceedances across both shallow and deep wells. 

 Ranges (Representative): 

o Aluminum: < 4.9 – 3,729 µg/L. 

o Arsenic: < 1.0 – 27.8 µg/L. 

o Boron: 20 – 16,232 µg/L. 

o Iron: < 100 – 14,600 µg/L. 
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o Manganese: < 2.0 – 630 µg/L (reported values); guidelines/tolerance limits up to 14,881 
µg/L. 

o Sodium: 200 – 3,598,500 µg/L. 

o Zinc: < 5.0 – 400 µg/L. 

Organic Contaminants 

 Petroleum Hydrocarbons (PHCs) and BTEX: Detections are generally low. Benzene 
concentrations are mostly non-detect, though some historical exceedances of PHC fraction F3 
were noted. Total Xylenes have been reported up to 18 µg/L. 

 Energetics and Perchlorate: Generally non-detect or present at very low concentrations (< 0.5 
µg/L) in groundwater, despite being a focus of monitoring in impact areas. 

 PFAS: Monitoring at the Garrison Landfill area has detected total PFAS ranging from 0.002 to 
0.060 µg/L. 

--------------------------------------------------------------------------------  

Soil Contamination (< 25 m BGS) 

Soil contamination is primarily linked to specific military training activities, such as small arms firing 
and grenade ranges. Studies analyze discrete depth intervals (e.g., 0–5 m, 10–15 m, 20–25 m). 

Metals in Soil 

Soil quality is generally described as "excellent," though heavy metals are elevated in specific ranges. 

 Zinc: Found at concentrations of 988 to 2,140 mg/kg, which is 2.7 to 6 times higher than the 
CCME industrial threshold criteria. 

 Lead: Highly elevated in small arms ranges, reaching up to 6,000 mg/kg at the Alpha range. 

 Other Metals: Chromium, lead, magnesium, nickel, titanium, and barium have been found at 
concentrations exceeding background mean levels + 2 standard deviations. 

Energetics and PAHs in Soil 

 Energetics: Low levels of nitroglycerine (NG) and dinitrotoluenes (DNTs) are present in specific 
ranges. 

o Nitroglycerine: 6.65 – 7.07 ppm. 

o 2,4-DNT: 4.62 – 5.31 ppm. 

o 2,6-DNT: ~0.2 ppm. 

 Polycyclic Aromatic Hydrocarbons (PAHs): Found in the Skeet Range soils. 

o Benzo(a)pyrene: 0.02 – 2.00 ppm. 

o Chrysene: 0.03 – 1.4 ppm. 
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2. Which contaminants are the result of military live fire ordnance or toxic military disposal?  

Based on the provided documents, contaminants resulting from military live-fire ordnance and 
military disposal activities are collectively referred to as Munitions Constituents (MC). These 
primarily include energetic materials (explosives), propellants, and heavy metals. 

Energetic Materials and Propellants 

These compounds are dispersed through live firing, air bombing, and the destruction of obsolete 
ammunition via open burning and open detonation (OB/OD). 

 Nitroglycerine (NG): A propellant residue found at high concentrations near the firing positions 
of anti-tank weapons (like the 84-mm Carl Gustav), small arms, and mortars. 

 2,4-Dinitrotoluene (2,4-DNT): A propellant residue found near firing positions, often embedded 
in nitrocellulose fibers. It is ejected from the muzzles of artillery guns and can also result from the 
open burning of propellants. 

 TNT (2,4,6-Trinitrotoluene): A primary high explosive found in impact areas and demolition 
ranges, often resulting from cratering practice or the detonation of live ammunition. 

 RDX and HMX: High explosives used in various weapons and demolition blocks (C-4). HMX is 
often found as an impurity of RDX in demolition ranges following "blow in place" (BIP) 
operations for unexploded ordnance. 

 Perchlorate: Associated with anti-tank firing points, impact areas, and the use of pyrotechnics 
such as flares, smoke grenades, and simulators. 

 Other Energetics: Tetryl (found in older munitions), as well as metabolites and impurities like 2-
ADNT, 4-ADNT, and nitrobenzene. 

Heavy Metals 

Live firing of munitions spreads significant quantities of metals across training ranges, particularly in 
impact areas. 

 Lead: Found at high concentrations across all small arms ranges. 

 Antimony, Copper, and Zinc: Frequently identified as contaminants of potential concern at 
small arms ranges. 

 Selenium: Identified at high concentrations specifically at tank firing positions in the Cambrai 
range. 

 Thorium-232: Associated with anti-tank weapon impact areas. 

 Other Metals: Cadmium, iron, magnesium, aluminum, and titanium are also linked to various 
range activities and ammunition types. 

Other Related Contaminants 

 Polycyclic Aromatic Hydrocarbons (PAHs): These were identified at the Skeet Range, likely 
resulting from the composition of the targets or launcher materials. 

 CS Riot Gas: Historically used and tracked as part of munitions expenditures. 



 
 

 
 May 20, 2026 5 
 

 Per- and polyfluoroalkyl substances (PFAS): While not from live fire, these are linked to toxic 
military training activities, specifically Aircraft Rescue Fire Fighter Training using Aqueous 
Film Forming Foam (AFFF). 

 

3. Please provide a summary for current contamination of groundwater at monitoring wells within 
and adjacent to the Project Designated Construction Zone including, GW231, GW058, GW068, 
GW030, GW114, GW070, GW113, GW052, GW229, GW046, GW142, GW143, GW124, 
GW141, GW043, GW044 and GW134, including parameter range wells and at depths less than 
25 m below ground. 

Current groundwater contamination at monitoring wells within and adjacent to the Project Designated 
Construction Zone is primarily characterized by exceedances of federal and provincial guidelines for 
dissolved metals, general chemistry parameters (anions), and specific inorganic elements. These 
wells typically monitor the "Deep Aquifer," defined as depths below 12 m, though almost all are 
within the requested depth of less than 25 m below ground. 

Summary by Monitoring Well 

The following summary details the contaminants and exceedances reported for the specific wells 
requested: 

 GW231 (Deep): Consistently reports exceedances for Boron (9.32 mg/L), Sodium (2,930 
mg/L), Strontium (36.1 mg/L), Iron (3.51 mg/L), Aluminum (0.265 mg/L), Lithium (2.72 
mg/L), Manganese (0.532 mg/L), Chloride, and Sulphate (768 mg/L). 

 GW113 (Deep): High levels of Sodium (2,400 mg/L), Boron (9.14 mg/L), Strontium (42.8 
mg/L), Barium (3.01 mg/L), Iron (1.58 mg/L), Manganese (0.541 mg/L), Lithium (2.16 mg/L), 
and Chloride. 

 GW114 (Deep): Significant exceedances of Sodium (1,660 mg/L), Boron (9.57 mg/L), 
Strontium (27.1 mg/L), Iron (1.62 mg/L), Manganese (0.258 mg/L), and Lithium (1.67 mg/L). It 
is one of the few wells reporting Nitrite-N exceedances (0.735 mg/L). 

 GW030 / GW232 (Deep): The original GW030 reported exceedances of Boron, Iron, 
Manganese, Sodium, and Strontium. Its replacement, GW232, reported even higher 
concentrations of these parameters, including Sulphate at 1,110 mg/L. 

 GW124 (Deep): Key exceedances include Boron (6.8 mg/L), Sodium (620 mg/L), Iron (0.94 
mg/L), Manganese (0.58 mg/L), Strontium, Silver, and Zinc. 

 GW142 & GW143 (Deep): Located near the Garrison Landfill, these wells report exceedances 
for Boron (up to 8.6 mg/L), Manganese, Iron, Chloride, and Fluoride. GW142 reports Sulphate 
at 855 mg/L. 

 GW058 (Deep): Exceedances for Manganese, Boron, Barium, Zinc, Selenium, and Sulphate 
(129.5 mg/L). 

 GW070 (Shallow/Deep): Exceedances for Manganese, Iron, Barium, Boron, Lithium, Sodium, 
Strontium, Chloride, and Fluoride. 
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 Other Designated Wells: 

o GW068: Manganese, Zinc, and Nitrite. 

o GW052: Boron, Calcium, Uranium, and Chloride. 

o GW046: Antimony, Boron, and Zinc. 

o GW229: Boron. 

o GW141: Boron and Manganese. 

o GW043: Copper, Boron, Barium, and Iron. 

o GW044: Boron, Manganese, Strontium, and Sulphate. 

o GW134: Boron (5.78 mg/L), Iron (0.319 mg/L), Lithium, and Fluoride. 

Representative Parameter Ranges (< 25 m Depth) 

Concentrations vary significantly across the site, but representative ranges for primary contaminants 
in these wells include: 

Parameter Concentration Range (µg/L unless noted) Reference 

Boron 20 – 16,232 
 

Sodium 200 – 3,598,500 
 

Chloride Up to 10,104 mg/L 
 

Sulphate 129 – 2,147 mg/L [49, prev task] 

Iron < 100 – 14,600 
 

Manganese < 2.0 – 630 (Measures up to 14,881 TL) 
 

Strontium Up to 31,000 
 

Nitrite-N Up to 0.735 mg N/L 
 

Arsenic < 1.0 – 27.8 
 

Note on Depth: All deep wells mentioned are typically screened between 12 m and 20 m BGS (e.g., 
GW232 borehole ends at 19.5 m). Organic contaminants like BTEX, Energetics, and PFAS have 
been detected in some of these wells (specifically at the Garrison Landfill and Sewage Lagoon) but 
generally remain below applicable federal and provincial criteria. 

 



May 27, 2026 1 

MEMO

To: 

From: 

Date: 

File No.: 

Subject: 

Garry Hunter, M.A.Sc., P.Eng. 

Hunter Folkes 
Scott MacPhee, B.A.Sc., P.Eng. 
Hunter and Associates 

May 27, 2026 

22-402

Georgian Bay (Ontario) Pumped Storage Hydropower Project  
‘Closed’ AI Query Summarizing Meaford Water Treatment Plant 5-Year History 
(2020 to 2024) 

Artificial Intelligence (AI) has been utilized to provide a ‘closed query’ summary of the following Meaford 
Water Treatment Plant Annual Compliance and Summary Reports from 2020 to 2024, the 2025 Meaford 
Annual Compliance Report and the Approved Assessment Report for the Greater Sauble Source Protection 
Area. 

This Closed Query is based on the following specific documents: 

The 2020 Meaford Water Treatment Plant Annual Compliance Report (Mar 31, 2021); the 2020 Meaford 
Water Treatment Plant Summary Report (Mar 31, 2021); the 2021 Meaford Water Treatment Plant Annual 
Compliance Report (Mar 31, 2022); the Drinking Water Source Protection Approved Assessment Report 
for the Greater Sauble Source Protection Area (Nov 7, 2022); the 2021 Meaford Water Treatment Plant 
Summary Report (Mar 31, 2022); the 2022 Meaford Water Treatment Plant Annual Compliance Report 
(Mar 31, 2023); the 2022 Meaford Water Treatment Plant Summary Report (Mar 31, 2023); the 2023 
Meaford Water Treatment Plant Annual Compliance Report (Mar 31, 2024); the 2023 Meaford Water 
Treatment Plant Summary Report (Mar 31, 2024); the 2024 Meaford Water Treatment Plant Annual 
Compliance Report (Mar 31, 2025); the 2024 Meaford Water Treatment Plant Summary Report (Mar 31, 
2025); and the 2025 Meaford Water Treatment Plant Annual Compliance Report (Mar 31, 2026). 

___________________________ 

May 27, 2026 9:45 am version AI results. 

1. Where are the locations of municipal water intakes for Meaford and for Thornbury?

The municipal water intakes for Meaford and Thornbury are located in Georgian Bay, with specific 
locations detailed as follows: 

Meaford Municipal Water Intake 

 General Location: The intake extends approximately 265 metres into Georgian Bay (Nottawasaga
Bay) from the Meaford Water Treatment Plant.
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 Geographic Coordinates: The raw water intake is located at a Northing of 531614.37 and an 
Easting of 4940904.72. 

 Plant Location: The UTM coordinates for the Meaford treatment plant itself are Zone 17 
531440E, 494400N. 

 Depth: The intake crib is situated at a lake depth of 5.7 metres, with the top of the crib at a depth 
of approximately 4.1 metres. 

Thornbury Municipal Water Intake 

 General Location: The intake is located on the western shore of Nottawasaga Bay (within 
Georgian Bay) and extends approximately 430 metres into the bay. 

 Geographic Coordinates: The specific coordinates for the Thornbury intake are Northing 
543391.29 and Easting 4935663.13. 

 Depth: The intake is located at a lake depth of 8.9 metres, with the top of the intake crib at a depth 
of 6.7 metres. 

Both systems are classified as Type A (Great Lakes) intakes. 

 

2. What municipal water intake source protection areas have been designated for Meaford and 
for nearby Thornbury? 

For the municipal water intakes in Meaford and Thornbury, several source protection areas have 
been designated, including Intake Protection Zones (IPZs), Highly Vulnerable Aquifers 
(HVAs), and Significant Groundwater Recharge Areas (SGRAs). Both systems are classified as 
Type A (Great Lakes) intakes. 

Meaford Source Protection Areas 

The Municipality of Meaford contains the following designated areas: 

 Intake Protection Zone 1 (IPZ-1): This is a circle with a 1,000-metre radius centered on the 
intake. It includes an onshore area of 0.2 km² (extending 120 metres inland) and an offshore area 
of 2.0 km². Its vulnerability score is 6. 

 Intake Protection Zone 2 (IPZ-2): This zone covers the area where a contaminant could reach the 
intake within a two-hour response time. It extends 5.4 km east, 3.6 km west, and 1.6 km offshore. 
It also includes the Bighead River (up to 3.6 km upstream) and several creeks, including 
Centreville, Meaford, and Workmans Creeks. Its vulnerability score is 4.8. 

 Events-Based Area (EBA) / IPZ-3: This area was delineated based on modelling that identified 
locations where a fuel spill could reach the intake in concentrations exceeding water quality 
standards. Designated EBA categories for Meaford include thresholds for spills of 2,000 L, 5,000 
L, and 12,000 L or greater. 

 Groundwater Designations: The municipality contains 182.57 km² of designated SGRAs and 
450.7 km² of HVAs. 
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Thornbury Source Protection Areas 

The Town of The Blue Mountains, which serves Thornbury, contains the following designated 
areas: 

 Intake Protection Zone 1 (IPZ-1): Delineated as a 1,000-metre radius circle. It includes an 
onshore area of 0.2 km² (extending 120 metres inland) and an offshore area of 2.5 km². Its 
vulnerability score is 5. 

 Intake Protection Zone 2 (IPZ-2): This zone extends 7,000 m northwest, 4,300 m southeast, 
and 1,600 m into Georgian Bay. It reaches 14.2 km along Little Beaver Creek and 9.2 km along 
the Beaver River. Its vulnerability score is 4. 

 Events-Based Area (EBA) / IPZ-3: Delineated based on modelled fuel spill scenarios, with 
thresholds for significant threats identified for spills of 50,000 L and 100,000 L or greater. 

 Groundwater Designations: The portion of the municipality within the Grey Sauble Source 
Protection Area contains 78.2 km² of designated SGRAs and 165.5 km² of HVAs. 

Both municipalities utilize vulnerability mapping in conjunction with the Provincial Tables of 
Drinking Water Threats to identify and manage activities that may pose a risk to these sources. 

 

3. What is the existing rated capacity of the Meaford Water Treatment Plant and Reservoirs? 

The rated capacity of the Meaford Water Treatment Plant is 26,848 cubic metres per day. 

Drinking water storage for the system is provided by the following reservoirs: 

 Clearwell: The plant contains one clearwell consisting of two cells in series with a total capacity 
of 2,309 cubic metres. Individually, Cell 1 has a capacity of 916 cubic metres and Cell 2 has a 
capacity of 1,393 cubic metres. 

 Meaford Water Tower: This elevated storage tank, located on Nelson Street, has a capacity of 
570 cubic metres. 

Together, these facilities provide pressure and volume for the municipality's distribution system. 

 

4. What Zebra / Quagga Mussel Control is utilized at the Meaford raw water intake? 

For zebra and quagga mussel control at the Meaford raw water intake, the municipality utilizes 
chlorination. 

Specific details of this control system include: 

 Chemical Used: Chlorine gas, supplied in 68 kg cylinders, is used for this purpose. 

 Application Method: A dedicated dosing system delivers a chlorine solution to a diffuser located 
at the inlet of the raw water intake crib in Georgian Bay. 

 Operational Conditions: This chlorination process is typically active during the warmer months 
when the water temperature is greater than 10 degrees Celsius. 
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This system is designed to prevent mussels from colonizing and potentially blocking the 
approximately 760mm concrete intake pipe that extends 265 metres into the bay. 

 

5. What is Meaford’s current annual water demand in m3/day (average daily treated water 
flow)? 

Meaford’s current annual water demand, represented as the average daily treated water flow, is 
1,458 m3/day, according to the 2024 Summary Report. 

This average is based on a total of 533,796 m3 of water pumped at the Meaford Water Treatment 
Plant (WTP) throughout the 2024 calendar year. This level of demand represents only 5% of the 
plant's total rated daily capacity of 26,848 m3/day. 

Historical data from the sources shows the following trends in annual average daily flow: 

 2024: 1,458 m3/day 

 2023: 1,388 m3/day (calculated from a yearly total of 506,557 m3) 

 2022: 1,500 m3/day 

 2021: 1,420 m3/day 

 2020: 1,402 m3/day 

While the total water pumped at the plant in 2024 was 533,796 m3, the total metered water 
consumption by customers was lower, at 347,041 m3. The difference is attributed to various non-
metered uses, including system flushing (20,487 m3), water main breaks, leaks, and construction 
(60,089 m3), and bulk water sales (14,189 m3). The system's unaccounted water loss for 2024 was 
78,551 m3, or 14.7%. 

 

6. What is the current number of residential and commercial customers in Meaford? 

As of December 31, 2024, the Municipality of Meaford has a total of 2,453 residential customers 
and 811 commercial customers. 

The breakdown of these customer counts is as follows: 

 Residential Customers: 2,453 total. 

o Urban Residential: 2,296 (includes monthly and bi-monthly routes, and Victoria Village). 

o Leith Residential: 157 (includes 15 flat rate and 142 monthly customers). 

 Commercial Customers: 811 total. 

In total, the Meaford water system serves 3,264 customers. This is an increase from the end of 
2023, when the system served 2,436 residential and 813 commercial customers. According to 2024 
reports, the water system serves a total population of approximately 7,008 people. 

 

  



 
 

 
 May 27, 2026 5 
 

7. What is the average daily chlorine dosage in discharge water in mg/L for 5 Years (2020 to 
2024)? 

Based on the provided reports for the Meaford Water Treatment Plant, the average daily chlorine 
dosage in the discharge water (treated water entering the distribution system) for the 5-year period 
from 2020 to 2024 is approximately 2.67 mg/L. 

The annual average dosages, calculated based on the total quantity of disinfectant (chlorine gas) 
used and the total treated water flow for each year, are as follows: 

Annual Average Chlorine Dosage (2020–2024) 

Year Total Disinfectant 
Used (kg) 

Total Treated Water 
Flow (m3) 

Calculated Average 
Dosage (mg/L) 

2020 1,305.7 513,245 2.54 

2021 1,332.4 518,442 2.57 

2022 1,530.0 549,942 2.78 

2023 1,261.62 506,557 2.49 

2024 1,564.9 533,796 2.93 

Total 6,994.62 2,621,982 2.67 (5-Year Avg) 

Key Dosage Insights from the Sources 

 Terminology: The reports for 2021 and 2023 include a specific table titled "Chlorine Discharge 
Flow" that provides monthly breakdowns of these dosages. 

 Variability: Monthly dosages fluctuate based on water demand and quality. For example, in 2021, 
monthly averages ranged from a low of 1.94 mg/L in April to a high of 3.15 mg/L in September. 
In 2023, they ranged from 1.91 mg/L in January to 3.23 mg/L in September. 

 Disinfection Method: The plant utilizes chlorine gas for primary and secondary disinfection. 

 Residual vs. Dosage: While the average dosage (the amount added) is ~2.67 mg/L, the treated 
disinfectant residual (the amount remaining in the water as it leaves the plant) is typically lower, 
averaging around 1.37 mg/L to 1.58 mg/L depending on the year. The municipality maintains a 
target distribution system residual of >0.20 mg/L. 

 

8. What is the 5-year average annual water treatment Process Wastewater Total Suspended 
Solids for Meaford from 2020 to 2024? 

Based on the annual reports for the Meaford Water Treatment Plant, the 5-year average annual 
Process Wastewater Total Suspended Solids (TSS) from 2020 to 2024 is 17.08 mg/L. 

The annual averages for each year in this period are as follows: 
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Annual Process Wastewater TSS Averages (2020–2024) 

Year Annual Average TSS (mg/L) 

2020 23 

2021 12 

2022 12 

2023 17 

2024 21.4 

5-Year Average 17.08 

Key Compliance Insights 

 Regulatory Limit: The system operates under a Maximum Acceptable Concentration (MAC) 
of 25 mg/L for process wastewater TSS. 

 Performance: While the 5-year average remains well below the MAC, individual monthly results 
can vary significantly due to operational factors like filter backwashing. For example, monthly 
highs reached 58 mg/L in April 2020 and 42 mg/L in July 2024. 

 Waste Process: The process wastewater is generated by the filter backwash waste treatment 
system, which includes a surge tank and treatment clarifier. Treated wastewater is discharged into 
the storm sewer and eventually Georgian Bay, while the resulting sludge is pumped into the sanitary 
sewer. 

 

9. What is the raw water turbidity annual average and maximum at Meaford for 5 Years (2020 
to 2024)? 

Based on the provided reports for the Meaford Water Treatment Plant, comprehensive numerical 
data for raw water turbidity (average and maximum) is specifically detailed in the monthly 
monitoring tables for 2023 and 2024. For the years 2020 through 2022, the sources provide 
detailed statistics for treated water turbidity but do not explicitly summarize annual raw water 
turbidity values. 

The available raw water turbidity data for the five-year period (2020–2024) is as follows: 

Annual Raw Water Turbidity (2020–2024) 

Year Annual Average (NTU) Annual Maximum (NTU) 

2024 ~0.46 99.92 (April) 

2023 ~0.76 93.29 (November) 

2022 Not Specified Not Specified 

2021 Not Specified Not Specified 

2020 Not Specified Not Specified 

--------------------------------------------------------------------------------  
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Key Turbidity Insights from the Sources 

 2024 Data Breakdown: Monthly average raw water turbidity ranged from a low of 0.24 NTU in 
May to a high of 1.00 NTU in April. The annual maximum of 99.92 NTU occurred on April 16, 
2024. 

 2023 Data Breakdown: Monthly averages ranged from 0.30 NTU in June to 1.58 NTU in January. 
The extreme peak of 93.29 NTU was recorded on November 1, 2023. 

 2020–2022 Context: While raw turbidity stats are missing, these reports confirm that treated 
water turbidity remained very low and stable. For example, the 2020 annual average for treated 
water turbidity was 0.07 NTU, with a maximum of only 0.08 NTU. Similarly, the 2021 annual 
average for treated turbidity was 0.07 NTU. 

 Source Protection Findings: The Grey Sauble Source Protection Area (GSSPA) report notes that 
at the Meaford intake, raw water quality is generally high, and apart from occasional low-level 
microbial presence, "no other water quality parameter can justify concern". This suggests that while 
turbidity spikes occur (likely due to lake turnover or storm events), the baseline raw water quality 
is excellent. 

 Comparison to Nearby Systems: For comparison, the sources note that nearby Thornbury 
experiences raw water turbidity spikes due to the Beaver River plume crossing its intake under 
certain wind conditions. Meaford's raw water microbial levels are described as being among the 
lowest of all Great Lakes intakes in the region. 

 

10. What is the 5-year summary of Inorganic Parameters at Meaford from 2020 to 2024? 

Based on the annual reports for the Meaford Water Treatment Plant from 2020 to 2024, all 
inorganic parameters remained well below the Ontario Drinking Water Quality Standards, 
with no exceedances recorded during this five-year period. 

Most inorganic parameters are sampled annually, while Nitrate and Nitrite are sampled quarterly, 
and Sodium and Fluoride are typically sampled every 60 months for this system. 

5-Year Summary of Inorganic Parameters (2020–2024) 

Parameter Unit 2020 2021 2022 2023 2024 

Antimony μg/L 0.09 0.9 <0.6 <0.6 <0.6 

Arsenic μg/L 0.3 0.3 0.5 0.4 0.3 

Barium μg/L 13.0 13.3 14.1 13.3 13.8 

Boron μg/L 15.0 13.0 11.0 14.0 14.0 

Cadmium μg/L 0.003 0.003 0.011 0.003 <0.003 

Chromium μg/L 0.24 0.33 0.37 0.22 0.18 

Mercury μg/L <0.01 <0.01 <0.01 <0.01 <0.01 

Selenium μg/L Not Listed Not Listed Not Listed Not Listed Not Listed 
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Uranium μg/L 0.132 0.157 0.150 0.173 0.094 

Fluoride mg/L 0.08* 0.08* <0.06 <0.06* <0.06* 

Sodium mg/L 4.38* 4.38* 4.40 4.40* 4.40* 

*Value carried forward from the most recent required sampling date (2017 results used through 
2021; 2022 results used thereafter). 

--------------------------------------------------------------------------------  

Quarterly Parameters: Nitrate and Nitrite 

These parameters are monitored four times per year. The concentrations have remained stable and 
significantly below the Maximum Acceptable Concentration (MAC) of 10 mg/L for Nitrate and 1 
mg/L for Nitrite. 

Year Nitrate Annual Avg (mg/L) Nitrite Annual Avg (mg/L) 

2020 0.261 <0.005 

2021 0.256 <0.005 

2022 0.266 <0.005 

2023 0.256 <0.005 

2024 0.239 <0.003 

Key Insights from the Sources 

 Sodium and Fluoride Sampling: In 2022, the municipality conducted its required five-year re-
sampling for Sodium and Fluoride. The Sodium concentration remained nearly identical (4.40 mg/L 
compared to 4.38 mg/L), and Fluoride decreased from 0.08 mg/L to below the detection limit of 
0.06 mg/L. 

 Nitrate/Nitrite MDL: Starting in 2024, the Method Detection Limit (MDL) for Nitrite reported in 
the annual summary was refined from <0.005 mg/L to <0.003 mg/L. 

 Compliance: The reports consistently state that no adverse water quality incidents related to these 
parameters occurred during the reporting periods. 

 

11. What is the 5-year summary of Raw Microbiology Tests for Meaford from 2020 to 2024? 

Based on the annual reports for the Meaford Water Treatment Plant, raw water microbiological 
quality is generally high, with microbial levels described as being among the lowest of all Great 
Lakes intakes in the source protection region. 

The system performs weekly raw water testing for Total Coliforms and Escherichia coli (E. coli). 
While baseline levels are typically very low, occasional spikes occur due to environmental factors 
such as lake turnover or weather events. 
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5-Year Raw Microbiology Summary (2020–2024) 

Year Number of 
Samples 

Range of E. coli 
(org/100ml) 

Range of Total Coliforms 
(org/100ml) 

2020 53 0 – NDOGT* 0 – NDOGT* 

2021 52 0 – NDOGT* 0 – NDOGT* 

2022 52 0 – 36 0 – 183 

2023 52 0 – 6 0 – 179 

2024 53 0 – 11 0 – 267 

*NDOGT = "No Data: Overgrown with Target Bacteria." This indicator is used when bacterial 
growth on a sample filter is too dense to provide a precise count. 

--------------------------------------------------------------------------------  

Key Insights from the Sources 

 Regional Comparison: The Grey Sauble Source Protection Area (GSSPA) report notes that at the 
Meaford intake, the geometric mean of microbial cell counts is approximately 10 cfu/100 ml for 
total coliform and 2.8 cfu/100 ml for E. coli. 

 Peak Events: Detailed monthly data shows that extreme spikes are rare but can reach significant 
levels. For example, in August 2020, one raw sample recorded E. coli levels greater than 500 
org/100ml and total coliform levels greater than 5,000 org/100ml. Similar spikes were recorded 
in October 2021 and August 2022. 

 Consistency: Aside from these occasional spikes, most samples (typically 94% to 98% depending 
on the year) fall within the lowest detection bracket of 0-100 org/100ml for Total Coliforms and 0-
10 org/100ml for E. coli. 

 Bacteriological Safety: The presence of these bacteria in raw water is expected for a surface water 
source and does not represent an imminent threat, as the water treatment plant's multi-barrier 
approach (filtration, UV, and gas chlorination) is designed to effectively remove these pathogens 
before the water enters the distribution system. 

 

12. Are there any incidents of Adverse Drinking Water Quality Parameters at Meaford from 2020 
to 2024? 

According to the annual reports for the Meaford Water Treatment Plant, there were no incidents of 
adverse drinking water quality recorded during the five-year period from 2020 to 2024. 

The reports for each individual year confirm this status: 

 2020: No incidents reported. 

 2021: No incidents reported. 

 2022: No incidents reported. 

 2023: No incidents reported. 
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 2024: No incidents reported. 

Supporting Data for Compliance 

This record of perfect compliance is supported by detailed testing across several categories: 

 Microbiological Testing: Every sample of treated water entering the system and distribution 
water within the community tested negative for Total Coliforms and E. coli throughout this period. 

 Chemical Parameters: All inorganic (e.g., arsenic, barium, nitrate) and organic (e.g., benzene, 
pesticides) parameters sampled between 2020 and 2024 remained well below the Maximum 
Acceptable Concentrations (MAC) defined by Ontario Drinking Water Quality Standards. 

 Operational Testing: Continuous monitoring of turbidity and chlorine residuals in the treated 
water consistently met regulatory requirements to ensure effective disinfection. 

While there were occasional technical issues, such as a laboratory error in December 2023 that 
prevented the analysis of a Heterotrophic Plate Count (HPC) sample, these were categorized as 
non-conformances or administrative errors rather than adverse water quality incidents. Similarly, 
the municipality maintained a 100% rating on its most recent provincial (MECP) inspections in 
2024 and 2025. 

 

13. Have there been any advisories in place at Meaford from 2020 to 2024? 

Based on the annual compliance reports for the Meaford Water Treatment Plant, there were no 
incidents of adverse drinking water quality that required reporting to the Ministry of the 
Environment, Conservation and Parks (MECP) from 2020 through 2024. 

However, a specific advisory was issued in May 2023: 

 May 2023 Advisory: The plant's operational records for May 2023 note a "Fire @ Johnny B's 
Advisory". 

 Timeline: The advisory was initiated on May 25, 2023, following a fire at a local business on May 
24, and was recorded as being "in place" through at least May 28, 2023. 

 Context: While the advisory was in effect, the 2023 annual report still concluded that there were 
no regulatory incidents of adverse water quality for the year, suggesting the advisory may have 
been a precautionary measure related to fire-fighting activities or localized distribution issues rather 
than a failure of the treatment process itself. 

Aside from this localized event in 2023, the reports for 2020, 2021, 2022, and 2024 explicitly state 
that there were no adverse drinking water quality results or required notices submitted to the Spills 
Action Centre regarding water quality standards. During this five-year period, the municipality 
maintained a high level of compliance, including 100% ratings on provincial inspections in 2024 
and 2025. 
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14. How does the Meaford Water Intake Capacity and Reservoir Storage Capacity compare to 
that of the proposed Pump Storage Intake and Discharge at 500 m3/sec over 10-hour daily 
cycle periods? 

The comparison between Meaford’s existing water infrastructure and the proposed pump storage 
project highlights a massive difference in scale. While the Meaford Water Treatment Plant (WTP) 
is designed for municipal residential supply, the proposed pump storage flow rates are significantly 
higher. 

Please note that the details regarding the proposed pump storage project (500 m3/sec over 10 
hours) are not found within the provided sources and were supplied in your query; you may want 
to independently verify those specifications. 

Capacity Comparison 

The scale of the proposed project’s water movement compared to Meaford’s municipal capacity is 
as follows: 

 Meaford WTP Rated Capacity: 26,848 m3/day. 

 Proposed Pump Storage Daily Volume: At a rate of 500 m3 for 10 hours (36,000 seconds), the 
total volume moved per cycle is 18,000,000 m3. 

 Scale Difference: The proposed project would move approximately 670 times more water in 10 
hours than the Meaford WTP is rated to treat in an entire 24-hour period. 

 Time to Exceed Capacity: The proposed pump storage intake would move 30,000 m3 in just one 
minute, which already exceeds Meaford's total daily rated capacity of 26,848 m3. 

Storage Comparison 

Meaford’s storage is designed to maintain system pressure and provide fire flow, whereas pump 
storage uses massive volumes for energy generation. 

 Meaford Total Storage Capacity: Approximately 2,879 m3. 

o Clearwell: 2,309 m3(Cell 1: 916 m3; Cell 2: 1,393 m3). 

o Water Tower: 570 m3. 

 Fill/Empty Rate: At the proposed rate of 500 m3/sec, the project would move a volume equal to 
Meaford’s entire combined reservoir and tower storage in approximately 5.8 seconds. 

Summary Table 

Feature Meaford 
Municipal System 

Proposed Pump Storage Project* 

Intake/Treatment 
Rate 

26,848 m3/day 1,800,000 m3(500 m3/sec) 

Total Daily Volume ~1,458 
m3/day(2024 Avg) 

18,000,000 m3/day (10-hr cycle) 

Total Storage 2,879 m3 Unknown (18 million m3 active cycle) 

*Calculated based on user-provided data. 
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Georgian Bay (Ontario) Pumped Storage – Open AI Query on Characteristics of 
Niagara Escarpment Geological Formations at Meaford and Comparison to Sir 
Adam Beck Hydroelectric Power Station 

Note:  1)    For each question, the AI has been prompted to provide references 

1. What are the Pumped Storage Powerhouse and Tunnel Boring Machine characteristics for
Niagara Escarpment Geological Formation at Meaford, Ontario, including Manitoulin, 
Queenston, Georgian Bay, Blue Mountain, Rouge River, Collingwood and Cobourg 
Formations? 

The proposed 1,000 MW Meaford Pumped Storage Project at the Department of National Defence 
(DND) 4th Canadian Division Training Centre involves complex engineering, including an 
underground Powerhouse Cavern and extensive water intake/tailrace tunnels excavated through the 
sedimentary sequences of the Niagara Escarpment and the underlying Michigan Basin monocline. 

Executing this project requires a deep understanding of how specific geological formations dictate 
Tunnel Boring Machine (TBM) selection, cutter wear, excavation stability, and powerhouse design. 

1. Powerhouse Cavern Engineering Considerations

A subterranean powerhouse at Meaford must be strategically positioned relative to the stratigraphy to 
minimize rock reinforcement costs and prevent long-term structural deformation. 

 Ideal Geomechanical Host: The Cobourg Formation is generally favored for large-scale cavern
excavation in Southern Ontario due to its high Unconfined Compressive Strength (UCS),
averaging around 113 MPa, and its low effective porosity (Daniels et al., 2023). This provides
excellent mechanical stability for an unsupported or lightly bolted high-span arch.

 The In-Situ Stress Field: The Paleozoic bedrock of Southern Ontario is subject to a high
horizontal-to-vertical stress ratio (K0 = σH / σv), where the maximum principal horizontal stress
(σH) is often 2 to 4 times the vertical overburden pressure. For an underground powerhouse
cavern, this requires orienting the long axis of the cavern parallel to the direction of σH (typically

Appendix H.4.C.1
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East-Northeast to West-Southwest) to minimize stress concentrations and prevent severe spalling, 
rockbursts, or "sidewall squeezing." 

 The "Swelling" Hazard: Excavating a cavern or tunnels near or through the Ordovician shales 
(Queenston and Georgian Bay formations) introduces a time-dependent deformation hazard 
known as time-dependent deformation (TDD) or rock swelling. This phenomenon occurs when 
stress relief allows microscopic spaces between clay particles to expand, inducing a dilution of 
pore-water salt concentrations and subsequent water absorption (Lee & Lo, 1993, as cited in 
Western University, 2019). Powerhouse design must incorporate compressible lining elements or 
heavy rock-bolt arrays if interacting with these zones to absorb these swelling pressures without 
structural failure. 

2. Geological Formations & TBM Excavation Characteristics 

The specific mechanical and lithological properties of the formations encountered along a vertical or 
inclined tunneling profile dictate TBM parameters, including cutterhead design (disc cutters vs. 
tungsten carbide scrapers), thrust requirements, torque, and advance rates. 

       [ Upper Reservoir / Escarpment Top ] 
                       ↓ 
    ┌──────────────────────┐    ←  Silurian Caprock 
    │         Manitoulin Formation                  │   (Abrasive dolomite; high cutter wear) 
    ├──────────────────────┤    ←  Ordovician Shales 
    │         Queenston Formation                  │   (Slaking/Swelling mudstone; 
    ├──────────────────────┤     risk of sticky cutterheads) 
    │        Georgian Bay Formation              │  (Interbedded shale/limestone; 
    ├──────────────────────┤     vibration & impact loading) 
    │        Blue Mountain Formation            │   (Fissile, uniform shale; 
    ├──────────────────────┤    potential slabbing) 
    │  Collingwood / Cobourg Formations   │   (Competent limestone/argillaceous; 
    └──────────────────────┘    ideal for hard-rock TBM open gripper) 
                       ↓ 
       [ Lower Intake / Georgian Bay Bay ] 

[Figure 1: Conceptual stratigraphic cross-section showing TBM tunneling challenges from 
escarpment top to bay intake.] 

Silurian Sequence 

1. Manitoulin Formation 

 Lithology: Fine-grained, dolostone to argillaceous dolostone with minor shale partings. 

 Engineering Properties: Moderate to high UCS (typically 80–140 MPa). Highly abrasive due to 
microcrystalline silica and dolomitic mineral content. 

 TBM Characteristics: Requires a Hard Rock Gripper TBM or Shielded TBM equipped with 
heavy-duty rolling disc cutters. The primary risk is high cutter wear and abrasive consumption. 
Excellent rock mass quality generally provides good gripping support for the TBM shoes. 
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Upper Ordovician Shales (The Squeezing & Slaking Zones) 

2. Queenston Formation 

 Lithology: Homogeneous, brick-red, un-fossiliferous mudstone and shale with occasional thin 
green siltstone layers. 

 Engineering Properties: Low to moderate strength (UCS 20–50 MPa). Highly susceptible to 
slaking (disintegration upon exposure to air and water) and time-dependent swelling (Western 
University, 2019). 

 TBM Characteristics: Open gripper TBMs are highly discouraged due to weak grip support and 
rapid wall degradation. An Earth Pressure Balance (EPB) or Dual-Mode Slurry TBM is 
preferred to maintain face stability. The argillaceous, clay-rich muck can become incredibly 
sticky, creating a risk of cutterhead clogging and ring packing, which requires chemical anti-
clogging conditioning agents (polyacrylamide polymers). 

3. Georgian Bay Formation 

 Lithology: Grey shale interbedded with dense, fossiliferous limestone and calcareous siltstone 
hard bands. 

 Engineering Properties: Highly anisotropic. The matrix shale is weak (UCS 30–60 MPa), but 
the limestone layers are hard and brittle (UCS 100–150 MPa). 

 TBM Characteristics: The rapid alternation between soft shale and hard limestone causes severe 
impact loading on TBM disc cutters, leading to premature cutter chipping and severe machine 
vibration. Constant thrust and torque adjustments are necessary, and robust cutterhead tracking is 
required to monitor uneven tool wear. 

4. Blue Mountain Formation 

 Lithology: Uniform, dark grey to bluish-grey, fissile shale. 

 Engineering Properties: Low strength, low abrasive index, but highly laminated and prone to 
stress-induced spalling along bedding planes. 

 TBM Characteristics: High advance rates are achievable, but the fissile nature can cause 
overbreak and "ravelling" of the tunnel crown before temporary support can be installed. A 
shielded machine with an agile rock-bolting or segment-erector window is critical. 

Middle-to-Lower Ordovician Formations (The Cavern Zone) 

5. Rouge River Formation 

 Lithology: Transitional shale unit alternating with fine siltstones and argillaceous limestones 
(often grouped stratigraphically as the lower phase of the Blue Mountain or upper Collingwood). 

 Engineering Properties: Moderate UCS, highly laminated, medium abrasiveness. 

 TBM Characteristics: Moderate advance rates. Spalling along horizontal bedding planes under 
high in-situ horizontal stress fields can cause geometric distortion of the bore profile if not 
shielded. 
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6. Collingwood Formation (Member) 

 Lithology: Organic-rich, dark brown to black, petroliferous, calcareous shale/limestone. 

 Engineering Properties: Moderate to high UCS (60–90 MPa). Contains significant biogenic 
hydrocarbons. 

 TBM Characteristics: The organic nature of the rock can cause gas liberation (methane and 
hydrogen sulfide) during mechanical excavation. TBMs must be fully explosion-proof (ATEX 
certified), featuring robust auxiliary ventilation systems and continuous gas monitoring at the 
cutterhead and muck conveyor. 

7. Cobourg Formation 

 Lithology: Light to dark grey, nodular, argillaceous limestone with a characteristic "rubbly" or 
wavy bedding texture. 

 Engineering Properties: High strength (average UCS of 113 MPa), exceptionally low 
permeability, and mechanically uniform (Daniels et al., 2023). 

 TBM Characteristics: This represents ideal hard-rock TBM tunneling territory. A standard 
Open Gripper TBM can achieve maximum efficiency and sustained high advance rates here. 
Cutter wear is predictable, and the rock mass provides excellent gripping capacity, requiring 
minimal immediate structural support outside of standard pattern bolting. 

Technical Summary Matrix for TBM Design 

Formation 
Dominant 
Lithology 

Key Engineering Risk 
Optimal TBM Type / 
Features 

Manitoulin Dolostone 
High Cutter Wear 
(Abrasiveness) 

Hard Rock Gripper; 
Heavy-duty 17–19" disc 
cutters 

Queenston Mudstone / Shale 
Slaking, Swelling, 
Cutter Clogging 

EPB / Shielded TBM; 
Polymer conditioning 

Georgian 
Bay 

Interbedded 
Shale/Limestone 

Impact Loading; Cutter 
Chipping 

Rigid Cutterhead; Heavy-
duty shock absorbers 

Blue 
Mountain 

Fissile Shale 
Crown Ravelling / 
Delamination 

Shielded TBM with 
immediate ring-segment 
liner 
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Formation 
Dominant 
Lithology 

Key Engineering Risk 
Optimal TBM Type / 
Features 

Collingwood Organic Shale 
Hydrocarbon Gas 
Emitted (CH4, H2S) 

Explosion-proof (ATEX) 
design; Enhanced 
ventilation 

Cobourg Nodular Limestone 
High Compressive 
Strength (113 MPa) 

Open Gripper TBM; High-
thrust parameters 
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2. How do these relate to the Sir Adam Beck Hydroelectric Power Station at Niagara Falls, 
Ontario? 

The engineering and geological realities of the proposed Meaford Pumped Storage Project are directly 
linked to the real-world data, successes, and hard-learned lessons of the Sir Adam Beck 
Hydroelectric Generating Complex in Niagara Falls, Ontario. Specifically, the construction of the 
Niagara Tunnel Project (completed in 2013) serves as the primary regional analog for large-
diameter Tunnel Boring Machine (TBM) excavation through the Niagara Escarpment's sedimentary 
formations. 

The historical and structural parallels between the two sites reveal how Niagara's precedents apply 
directly to Meaford's layout. 

1. Direct Stratigraphic Correlation & The TBM "Sweet Spot" 

Both projects exploit the same Paleozoic sedimentary sequence of the Michigan Basin, but because 
the geological layers dip gently to the southwest, the formations sit at different depths and thicknesses 
at Niagara compared to Meaford. 



 
 

 
 June 3, 2026 6 
 

 

The 14.4-meter diameter TBM 'Big Becky' utilized at Niagara.. Source: Bloomberg / Bloomberg via 
Getty Images 

During the Niagara Tunnel Project, Ontario Power Generation (OPG) utilized "Big Becky," an 
enormous 14.4-meter diameter open-gripper hard rock TBM. Engineers deliberately aligned the 10.4-
kilometer-long tunnel to stay primarily within the Queenston Formation. 

 Why the Queenston? While the Queenston shale is prone to swelling and slaking, it lacks the 
exceptionally hard limestone or dolostone layers found in higher formations. This allowed the 
TBM to achieve rapid mechanical penetration rates, avoiding the severe impact loading and cutter 
destruction that would occur if it crossed back and forth into harder strata (Gillon et al., 2011). 

 The Meaford Translation: The Niagara data validates why a Meaford tunnel profile must map a 
distinct path: either staying completely within a homogeneous soft unit like the Queenston 
mudstone using a shielded/EPB TBM, or dropping completely down into the competent, uniform 
Cobourg limestone to maximize open-gripper TBM advance rates. 

2. The Queenston Shale Overbreak & Swelling Lessons 

The greatest geotechnical challenge encountered at Niagara provides a direct cautionary tale for any 
proposed engineering at Meaford. 

 The Niagara Reality: When "Big Becky" excavated through the Queenston Formation, the rock 
mass experienced immediate stress-induced ravelling and massive overbreak (rock falling 
from the tunnel crown before it could be supported). This was driven by the high horizontal in-
situ stress field (σH) characteristic of Southern Ontario bedrock. The unconfined Queenston shale 
expanded into the freshly bored void, causing unexpected stability failures that delayed the 
project and required switching from temporary shotcrete to a heavy, immediate rock-bolt and 
mesh regime (Perras & Diederichs, 2016). 

 The Meaford Application: Meaford features the exact same high-stress horizontal field (K0 ratio 
greater than 2.0). Any tunnels or powerhouse boundaries intersecting the Queenston or Georgian 
Bay shales at Meaford will face identical time-dependent deformation (TDD). The Niagara 
project proved that standard hard-rock excavation assumptions fail in these shales; engineers at 
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Meaford must design flexible or highly reinforced initial linings to handle the immense swelling 
pressures quantified at Niagara. 

3. High In-Situ Horizontal Stress & Cavern Orientation 

The Sir Adam Beck complex features both surface generating stations and a massive pumped storage 
reservoir (the Sir Adam Beck Pumped Storage Generating Station, a 174 MW facility built in 1957). 

 The Niagara Reality: Studies on the subterranean components at Niagara confirmed that 
regional tectonic forces trap high horizontal compressive stresses within the rigid limestone and 
dolostone layers, while the soft shales tend to deform plastically over millennia. 

 The Meaford Application: Data gathered from OPG's extensive stress-testing at Niagara informs 
the spatial design of the Meaford powerhouse. Because the maximum horizontal stress runs 
generally ENE-WSW across the region, the long walls of Meaford’s underground cavern must 
align with this track. If oriented perpendicular to it, the massive horizontal pressures would crush 
the cavern walls inward, causing catastrophic slabbing and rockbursts—a structural dynamic 
mapped thoroughly by bedrock instrumentation at Niagara Falls (Lo & Cooke, 1989). 

Summary Matrix: Regional Precedents 

Engineering 
Variable 

Sir Adam Beck / Niagara 
Tunnel Precedent 

Direct Translation to Proposed 
Meaford Design 

TBM 
Alignment 
Strategy 

Kept tunnel centered within the 
Queenston Formation to 
maintain a consistent lithology. 

Dictates whether Meaford utilizes an EPB 
TBM in the shales or an Open Gripper 
TBM in the deeper Cobourg limestone. 

Excavation 
Risk 

Severe crown overbreak and 
slaking in Queenston shale due 
to stress relief. 

Mandates immediate, dense initial 
supporting elements (rock bolts/beams) if 
Meaford tunnels pierce the Upper 
Ordovician shales. 

Cavern / 
Tunnel 
Stability 

Measured high horizontal-to-
vertical stress ratios (K0), 
causing time-dependent rock 
swelling. 

Quantifies the exact swelling and 
structural load parameters Meaford's 
underground powerhouse lining must 
resist. 
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3. How was Tunnel Boring Machine ‘Muck/Spoil’ managed and disposed for the Sir Adam Beck 
Project? Was it recycled for ring dam/dyke construction? 

The management and disposal of the Tunnel Boring Machine (TBM) muck—or spoil—from the 
Niagara Tunnel Project (which provides an additional water diversion tunnel to the Sir Adam Beck 
Generating Complex) was heavily constrained by the local geology, environmental protections, and 
the material's physical properties. 

Below is the breakdown of how the material was managed, why it was not recycled for the Sir Adam 
Beck pump-storage reservoir dykes, and the references documenting these outcomes. 

1. Muck Handling and Logistics 

The excavation of the 14.44-metre-diameter tunnel by the TBM "Big Becky" generated 
approximately 1.6 million cubic metres (bulked up to 2.4 million cubic metres) of rock spoil. 

 Logistics: To avoid thousands of dump truck trips through the City of Niagara Falls, Ontario 
Power Generation (OPG) and the design-build contractor, STRABAG AG, utilized a continuous 
conveyor belt system.  

 Transport Path: The conveyor ran directly from the TBM cutterhead through the tunnel, out of 
the outlet portal near the Sir Adam Beck complex, and explicitly moved the material onto 
designated OPG property. 

 Environmental Controls: Because the TBM muck generated substantial fugitive dust—which 
local environmental assessments feared would disrupt the nearby Niagara Parks Butterfly 
Conservatory—a drop-tent structure was erected over the dumping site, and dedicated articulated 
haulers relocated the spoil to its final holding area. 

2. Was it Recycled for the Reservoir Ring Dam/Dyke? 

No, it was not. There are two primary historical and geological reasons why the TBM muck was not 
recycled to build or reinforce the Sir Adam Beck Pumped Storage Reservoir dykes: 

1. Chronological Incompatibility: The Sir Adam Beck Pumped Storage Reservoir and its 
associated rock-fill dykes were built during the mid-1950s (commissioned around 1957) 
alongside the construction of Sir Adam Beck Generating Station No. 2 and its twin drill-and-blast 
tunnels. The modern Niagara Tunnel Project did not begin excavation until 2006, finishing in 
2013—half a century after the reservoir dykes were already built. 

2. Geological Unsuitability (The Queenston Shale Problem): Approximately 80% to 90% of the 
muck excavated by Big Becky consisted of Queenston Shale. When exposed to air and water, 
Queenston shale rapidly slakes (breaks down, disintegrates, and turns into a soft, slippery clay 
mud). It possesses high salinity and a high swelling potential due to internal horizontal rock 
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stresses and argillaceous properties. Because it weakens significantly upon weathering, it lacks 
the structural integrity, shear strength, and load-bearing capacity required for stable, engineered 
rock-fill dykes or dam structures. 

3. Final Disposal and Alternate Reuse Efforts 

Because the Queenston shale slakes so easily, it could not be utilized as standard coarse aggregate or 
backfill. Under the provincial Environmental Assessment approvals, OPG established a Reuse of 
Excavated Materials Committee to investigate alternative applications: 

 Commercial Testing: The material was heavily tested for commercial landscaping and brick 
manufacturing (as Queenston shale is typically a prime ingredient for clay bricks in Ontario). 

 The Salinity Barrier: Major brick manufacturers rejected the bulk of the TBM muck because the 
deep-seated tunnel shale possessed a high salt/salinity content that caused manufacturing defects. 
Ultimately, only one small independent brick manufacturer was able to accept a fraction of the 
material. 

 Long-Term Storage Pile: The vast majority of the muck remains permanently stockpiled in a 
massive, designated, 2-kilometre-long engineered waste rock storage facility on OPG land 
located between the two existing surface hydro canals. The pile features environmental mitigation 
components, including stormwater management ponds to intercept runoff and an engineered 
dense till base liner to prevent highly saline or mineralized leachate from entering local 
groundwater. 

References 

 Everdell, R., et al. (2008). Tunneling Technology and the Environment: Environmental Aspects 
of the Niagara Tunnel Project. Tunnelling Association of Canada (TAC). 

(Details the environmental assessment, continuous conveyor selection to avoid municipal trucking, 
and the mandate for muck management at the outlet portal.) 

 Joint Review Panel (JRP) Assessment Report / Canada.ca (2011–2012). Information Request 
Response Regarding OPG Waste Rock Management. Federal Deep Geologic Repository (DGR) 
Archives. 

(Specifically documents that OPG excavated roughly 1,375,600 m³ of Queenston shale from the 
Niagara Tunnel, outlines the "Reuse of Excavated Materials Committee" findings, notes the rejection 
by major brick manufacturers due to high salinity, and references the slaking properties of the rock.) 

 Krcmar Surveyors (2008). Overview of the Niagara Tunnel Facility Project and Surveying 
Activities. 

(Confirms the bulk volume of ~1.6 million cubic metres of material excavated and its direct routing to 
the storage site on OPG property by continuous conveyor.) 

 Volvo Construction Equipment (2009). 45 Degrees of Separation: Customer Success Case 
Study at the Niagara Tunnel. 

(Provides technical field data explaining how the bulked 2.4 million m³ of muck was managed via a 
drop-tent structure next to the Butterfly Conservatory and stacked along the 2 km storage area on 
OPG property.) 
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4. What greenhouse gas emissions may be expected for Meaford Pumped Storage during 
construction of the tunnels, powerhouse and surface disposal of muck? 

Estimating the greenhouse gas (GHG) emissions expected during the construction of the proposed 
1,000 MW Meaford Pumped Storage Project requires looking at three distinct carbon-heavy 
operational phases: tunnel excavation, underground powerhouse cavern construction, and 
surface muck management. 

Because construction projects on this scale rely on heavy-duty diesel equipment, high-energy 
mechanical excavation, and massive volumes of structural materials, the initial construction phase 
creates a concentrated carbon footprint that the facility must later offset during its operational 
lifespan. 

1. TBM and Tunnel Excavation Emissions 

Tunneling through the Niagara Escarpment’s formations—ranging from abrasive Silurian dolostones 
(Manitoulin) to weak Ordovician shales (Queenston)—generates emissions through two primary 
vectors: embodied materials and electricity/fuel consumption. 

 Electricity and Grid Intensity: Unlike drill-and-blast methods, Tunnel Boring Machines 
(TBMs) are massive electric vehicles. A large-diameter TBM (similar to the 14.4-meter machine 
used at Niagara) typically requires a peak operating power of 5 to 12 MW. If the TBM is powered 
by Ontario’s electrical grid, its direct operating emissions will scale with the grid's carbon 
intensity at the time of construction. 

 Embodied Carbon in Linings: TBM tunneling requires immediate structural stabilization. In 
weak, swelling formations like the Queenston and Georgian Bay shales, a shielded TBM must 
install heavy, pre-cast concrete segmental rings. Concrete production is inherently carbon-
intensive due to calcination. Every cubic meter of standard Portland cement concrete emits 
approximately 300 to 375 kg CO2e (Chao et al., 2022). The thousands of structural rings required 
for the intake and tailrace tunnels represent the largest chunk of indirect (Scope 3) emissions in 
this phase. 

 Cutterhead Maintenance: Excavating abrasive formations like the Manitoulin dolostone causes 
rapid wear on steel rolling disc cutters. The continuous manufacturing, transport, and replacement 
of these heavy steel tools add a minor but steady stream of supply-chain emissions. 
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2. Powerhouse Cavern Excavation Emissions 

The subterranean powerhouse cavern (likely hosted in the deep, competent Cobourg limestone) 
cannot be efficiently bored by a circular TBM and will instead rely on conventional drill-and-blast 
or heavy roadheader excavation. 

 Diesel-Powered Fleet Emissions: This phase depends heavily on Scope 1 (direct) emissions 
from a mobile diesel fleet, including jumbo drills, load-haul-dump (LHD) machines, shotcrete 
sprayers, and heavy utility vehicles. Diesel combustion releases approximately 2.7 kg CO2 per 
liter of fuel consumed. 

 Explosives and Chemistry: The detonation of blasting agents (typically ANFO—Ammonium 
Nitrate/Fuel Oil) releases carbon dioxide, nitrous oxide (N2O), and carbon monoxide (CO) as 
direct chemical byproducts. Furthermore, stabilizing a high-span rock arch under Southern 
Ontario's high horizontal stress field requires thousands of steel rock bolts and thick layers of 
carbon-dense, accelerated shotcrete. 

3. Surface Disposal and Muck Management Emissions 

Managing and stockpiling the roughly 1.5 to 2 million cubic meters of excavated rock spoil (muck) 
creates significant localized material-handling emissions. 

 Conveyor Transport vs. Haul Trucks: As observed during the Sir Adam Beck Niagara Tunnel 
Project, using an electric-powered continuous conveyor system to transport muck from the tunnel 
directly to the storage area significantly dampens emissions compared to a fleet of diesel haul 
trucks. However, if haul trucks are required to stack, grade, and compact the muck at the surface 
storage facility, fuel consumption escalates rapidly. 

 The Queenston Shale Problem: Because a massive portion of the muck consists of Queenston 
Shale, which rapidly slakes (breaks down into weak clay) upon contact with water and air, the 
disposal site requires extensive engineering. Building dense till liners, internal drainage networks, 
and stormwater retention ponds to capture highly saline leachate requires additional diesel-
powered earthmovers (dozers, excavators, compactors), compounding the surface management 
carbon footprint. 

 Muck Sequestration vs. Aeration: Mechanical crushing and open-air exposure of deep 
sedimentary rock can sometimes cause minor "rock respiration" or the release of trapped pockets 
of biogenic gases (such as methane or carbon dioxide) from organic-rich horizons like the 
Collingwood formation, though this constitutes a minor fraction of the total footprint. 
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Technical Overview: Carbon Drivers by Phase 

Construction 
Phase 

Primary Emission Sources 
Main 
GHG 
Gases 

Mitigation Strategies 

Tunnel Boring 
(TBM) 

Grid electricity for TBM 
drive; Embodied carbon in 
pre-cast concrete lining 
segments. 

CO2 

Use low-carbon cement 
alternatives (slag/fly ash 
blenders); schedule high-energy 
boring during low-grid-intensity 
hours. 

Powerhouse 
Cavern 

Diesel fuel for excavation 
fleets; Emitted gases from 
ANFO blasting agents; 
Shotcrete. 

CO2, 
N2O, 
CO 

Transition to battery-electric 
mining vehicles (BEVs) for 
underground hauling and 
drilling. 

Surface Muck 
Disposal 

Diesel fuel for heavy 
earthmovers grading the 
storage pile; Runoff 
infrastructure construction. 

CO2 

Utilize electric overland 
conveyors rather than haul 
trucks; minimize handling 
stages. 
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5. Utilizing OGS-SG11-02 well near Mount Forest, Ontario found in the Ontario Geological 
Survey Open File Report 6312 (Otis, 2015), what is the anticipated typical Gas Composition and 
Quantity for the Typical Geological Formations at the Meaford DND Pumped Storage Site? 

The Ontario Geological Survey (OGS) Open File Report 6312, compiled by C. Béland-Otis (2015), 
outlines the drilling results of a multi-borehole stratigraphic campaign (including the OGS-SG11-02 
well drilled in Arthur Township near Mount Forest, Ontario). This study evaluated the unconventional 
shale gas potential, total organic carbon (TOC), and gas geochemistry of the Upper Ordovician 
organic-rich mudstones. 

Because Mount Forest sits just ~60 km south-southwest of Meaford, the OGS-SG11-02 well provides 
an excellent subsurface analog for predicting the precise types and volumes of gases that a Tunnel 
Boring Machine (TBM) or drill-and-blast crew will liberate during the construction of the Meaford 
Pumped Storage project. 

1. Typical Gas Composition (What Gases are Present?) 

Data collected from desorbed gas canisters during the OGS core testing program identified that the 
gases trapped in these deep formations are a blend of thermogenic (heat-derived hydrocarbons) and 
biogenic (microbially generated) gases. 

The typical chemical composition broken down by stratigraphic unit includes: 

 Collingwood and Blue Mountain Formations (The Hydrocarbon Zone): These are the 
primary organic-rich targets of the OGS study. The gas is predominantly Methane (CH4), 
typically making up 75% to 92% of the total hydrocarbon fraction. 

 Heavier Hydrocarbons: The gas contains minor concentrations of wet gas components: Ethane 
(C2H6), Propane (C3H8), and Butane (C4H10). These are markers of the organic maturity of the 
Collingwood "oil shale" sequence. 

 Non-Hydrocarbon Gases (The Main TBM Hazards): 

o Nitrogen (N2): A prominent constituent in Southern Ontario's deep Paleozoic strata, often 
acting as an inert diluent that can pocket under high pressure. 

o Hydrogen Sulfide (H2S): Present in trace to highly localized ppm (parts per million) 
concentrations, particularly within the transitional boundaries of the organic-rich 
Collingwood and the argillaceous limestones of the Cobourg formation. This presents a 
critical toxicity and corrosion risk. 

o Carbon Dioxide (CO2): Minor fractions (< 3%) generated by the long-term chemical 
alteration of carbonate minerals and organic matter. 

2. Anticipated Gas Quantity (Volume per Tonne of Rock) 

The OGS-SG11-02 well demonstrated that while these Upper Ordovician shales are regional source 
rocks, they are tightly bound with low baseline permeabilities. The gas quantity is measured using 
Desorbed Gas Content (expressed in cubic meters of gas per tonne of rock, or m3/t): 
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 Peak Gas Concentrations: The highest gas contents are found strictly within the Collingwood 
Formation and the lower, organic-rich Rouge River Member of the Blue Mountain 
Formation. 

 Measured Yields: The OGS project yielded total desorbed gas contents generally ranging from 
0.5 to 2.5 m3/tonne of rock in the prime organic intervals. Formations with lower organic 
contents—such as the Queenston mudstone, the upper portions of the Georgian Bay formation, 
and the Manitoulin dolostone—exhibit negligible to trace baseline gas content (< 0.1 m3/t). 

 Free Gas vs. Adsorbed Gas: Roughly 30% to 40% of the gas exists as "free gas" trapped within 
micro-fractures and matrix porosity, which will vent immediately upon mechanical shearing by a 
TBM cutterhead. The remaining fraction is "adsorbed gas" chemically bonded to the clay and 
organic carbon (TOC) surfaces, which slowly desorbs over hours or days as the excavated muck 
is moved along conveyors to the surface disposal pile. 

3. Engineering Implications for the Meaford Site 

While a baseline gas quantity of ~ 1 to 2 m3/t is considered low for commercial economic shale-gas 
extraction, it is highly significant for underground civil engineering. 

During the excavation of the intake/tailrace tunnels and the subterranean powerhouse cavern at 
Meaford, hundreds of tonnes of rock will be crushed every hour. 

The TBM Hazardous Environment Dictate: 

Because a single day of TBM operations can generate thousands of tonnes of muck, the immediate 
liberation of free methane (CH4) can rapidly exceed the lower explosive limit (LEL) of 5% by volume 
if trapped in dead spaces. 

As a direct result of the OGS drilling data from regional wells like OGS-SG11-02, the Meaford 
underground works must mandate: 

1. Class I, Division 1 (Explosion-Proof / ATEX) Equipment: Mandatory for all electrical systems 
on the TBM cutterhead and the underground powerhouse drilling jumbos when cutting through 
the Blue Mountain, Collingwood, and upper Cobourg zones. 

2. High-Volume Auxiliary Ventilation: Continuous fresh-air sweeping at the tunnel face to 
immediately dilute liberated methane and nitrogen. 

3. Continuous Gas Monitoring: Multi-gas sensors monitoring CH4, H2S, and O2 levels at the 
cutterhead, the muck transport hopper, and along the closed conveyor line moving spoil up to the 
surface disposal facility. 
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6. How do the near surface ordnance contaminants at DND Meaford compare to natural 
contaminants and critical minerals in the underlying geological formation? 

Evaluating the environmental risks of the proposed 1,000 MW Meaford Pumped Storage Project 
requires comparing the near-surface anthropogenic (man-made) contaminants on the Department 
of National Defence (DND) base with the natural chemical constituents bound within the 
underlying Paleozoic bedrock formations. 

The distinction between these two groups dictates where environmental liabilities lie and how surface 
muck storage piles must be engineered to protect the southern Georgian Bay watershed. 

1. Near-Surface Ordnance Contaminants (DND Operations) 

For over 75 years, the 4th Canadian Division Training Centre (4CDTC) Meaford has operated as an 
active live-fire military facility. Decades of munitions use, artillery impact, and demolition training 
have left a distinct chemical footprint constrained strictly to the shallow overburden, surficial soils, 
and unconfined water tables (typically less than 25 meters deep).  

Soil and Overburden Profile 

 Heavy Metals: Small arms ranges (such as the Alpha range) exhibit severe, localized lead (Pb) 
contamination, reaching concentrations as high as 6,000 mg/kg (Defence R&D Canada, 2009). 
Other target-associated heavy metals include antimony (Sb), copper (Cu), and zinc (Zn). 

 Specialized Munition Additives: Anti-tank weapon impact zones show anomalous 
concentrations of thorium-232 (232Th), used in historic tracking elements, while tank firing lines 
at the Cambrai range display elevated selenium (Se) levels (Defence R&D Canada, 2009). 

 Energetics and Explosive Residues: High-explosive demolition areas and weapon ranges 
contain trace to low-level concentrations of unexploded ordnance (UXO) byproducts, including 
nitroglycerine (NG), dinitrotoluenes (2,4-DNT and 2,6-DNT), RDX, and HMX, typically 
trapped in soil matrixes within the immediate active impact zones. 

 Skeet Ranges: Surficial soils near training academies exhibit heavy concentrations of Polycyclic 
Aromatic Hydrocarbons (PAHs) stemming from historical clay target fragments. 

2. Deep Natural Contaminants & Fluid Chemistry 

As engineering transitions from surface soils down through the Niagara Escarpment into the proposed 
powerhouse cavern host rock (the Ordovician Cobourg Formation), the contamination profile 
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switches from localized heavy metals and explosives to extensive, naturally occurring deep-seated 
mineralized compounds. 

Groundwater and Bedrock Profile 

Deep exploratory boreholes and monitoring wells near the proposed project site (including deep test 
wells GW231 and GW113) showcase a completely natural, heavily mineralized chemical regime 
trapped by the impermeable regional shales (Arcadis / Stantec, 2021). 

 Salinity and Halides: Deep groundwater intersecting the lower formations is highly saline. 
Sodium (Na) concentrations as high as 3,500,000 µg/L (3,500 mg/L) and extreme Chloride (Cl-) 
and Sulphate (SO4

2-) spikes represent deep basin brines that have remained isolated from the 
surface for millions of years. 

 Boron and Strontium: The deep aquifer units show immense natural concentrations of boron 
(B) exceeding 16,000 µg/L and strontium (Sr) up to 42 mg/L, reflecting the chemical weathering 
of Paleozoic evaporite and carbonate sequences. 

 Lithium and Barium: Deep horizons naturally yield elevated levels of lithium (Li) up to 2.7 
mg/L and barium (Ba) up to 3.0 mg/L. 

3. "Critical Minerals" and Geochemical Elements in the Formations 

While Southern Ontario's sedimentary basin is not traditionally mined for magmatic or volcanic 
critical minerals (like nickel, copper, or platinum-group elements), specific sedimentary layers 
targeted by the Meaford excavation feature unique geochemical properties: 

 The Collingwood Member (Oil Shale): As documented in regional OGS stratigraphic studies 
like well OGS-SG11-02 (Béland-Otis, 2015), the Collingwood is an organic-rich calcareous shale 
with high Total Organic Carbon (TOC). In the late 19th century, it was briefly mined nearby at 
Craigleith as an unconventional shale oil hydrocarbon resource. 

 Trace Metal Enrichment: Because the Collingwood and Blue Mountain shales were deposited 
in restricted, anoxic marine environments, they are naturally enriched in trace metals like 
molybdenum (Mo), vanadium (V), and uranium (U) bound within the organic kerogen matrix. 
While not economically viable for extraction, these elements represent a natural geochemical 
baseline that will be liberated during mechanical crushing. 

 The Cobourg Limestone: Highly valued not as a critical mineral source, but as a premier 
geomechanical resource. Its high strength (~ 113 MPa), lack of open fracturing, and remarkably 
low hydraulic conductivity make it the ideal host for subterranean engineering (NWMO, 2011). 
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Key Comparison Matrix: Surface vs. Subsurface 

Attribute 
Near-Surface DND 
Contaminants 

Deep Natural Bedrock Chemistry 

Origin 
Anthropogenic (Live-fire military 
exercises, 1940s–present) 

Natural geogenic (Michigan Basin brines 
and Paleozoic mineral deposition) 

Primary 
Vectors 

Lead, Antimony, Copper, UXO 
fragments (DNT, RDX), Thorium-
232, PAHs 

Sodium, Chloride, Boron, Strontium, 
Lithium, Methane gas 

Spatial 
Extent 

Highly localized inside active 
ranges, perched in shallow 
soils/tills (< 25 m depth) 

Regional and continuous throughout the 
deep Silurian and Ordovician formations 

TBM / 
Project 
Risk 

Excavation through surficial soils 
can mobilize heavy metals or 
encounter UXO hazards if routing 
crosses range perimeters. 

Crushing millions of tonnes of 
Queenston/Georgian Bay shale creates a 
high-salinity muck pile prone to releasing 
mineralized leachate. 

References 

 Béland-Otis, C. (2015). Upper Ordovician organic-rich mudstones of southern Ontario: Drilling 
project results. Ontario Geological Survey, Open File Report 6312. 

 Defence R&D Canada - Valcartier. (2009). Evaluation of Soil Contamination by Explosives and 
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Assessment of the Late Ordovician Cobourg Formation as a Deep Geological Repository Host. 
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 Stantec & Arcadis. (2020/2021). Groundwater Monitoring and Sampling Reports for the 4th 
Canadian Division Training Centre Meaford. Federal Impact Assessment Registry Document 
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(Details the deep groundwater wells demonstrating natural exceedances of boron, lithium, strontium, 
sodium, and chloride).  
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 The Meaford Independent. (2026). Concerns Regarding Deputy Mayor’s Water Testing 
Resolution. Community Infrastructure Public Log. 

(Discusses localized resident concerns regarding the disturbance of historical military ammunition 
and aggregate movement near karst topography).  

 

7. What tunnel/powerhouse dewatering quantity and quality may be expected at the Meaford site? 

Predicting the dewatering quantity and quality during the construction of the underground 
powerhouse cavern and tunnels at the Meaford site requires evaluating the hydraulic properties of the 
Niagara Escarpment's stratigraphy and the deeply buried Ordovician formations. 

Because the project transitions from shallow, unconfined glacial tills down into exceptionally tight, 
deep-seated bedrock, the dewatering profile changes drastically between the shallow and deep phases 
of construction. 

1. Anticipated Dewatering Quantity (Inflow Volumes) 

The total volume of water requiring pumping and treatment during excavation is governed by the 
hydraulic conductivity (K) of the rock formations, which measures how easily water flows through 
the rock's fractures and matrix. 

SURFACE / OVERBURDEN 
  │  [Unconfined Glacial Till / Karst Springs] 
  │  High Inflow Risks (Seasonal Spikes) → K = 10⁻⁴ to 10⁻⁶ m/s 
  ↓ 
MIDDLE DEPTH 
  │  [Queenston & Georgian Bay Shales] 
  │  Aquitards (Very Low Primary Flow) → K = 10⁻9 to 10⁻¹¹ m/s 
  ↓ 
DEEP CAVERN ZONE 
     [Cobourg Limestone] 
     Extremely Competent / "Dry" → K = 10⁻¹¹ to 10⁻¹³ m/s 

Phase A: Shallow Excavation & Portal Development (High Volume, Variable) 

 The Risk Zone: The top of the escarpment and the shallow overburden consist of fractured 
Silurian dolostones (Manitoulin Formation) and glacial till. This zone interacts directly with 
regional karst features, seasonal water tables, and local creek systems. 

 Expected Inflows: Excavation through this upper profile can yield moderate to high localized 
water inflows (> 15 to 50 L/second), especially if a vertical shaft or inclined portal intercepts a 
major transmissive rock fracture or bedding plane. Seasonal precipitation and spring snowmelt 
will cause sharp spikes in dewatering volumes here. 

Phase B: Deep Tunneling and Cavern Excavation (Low Volume, Steady) 

 The Sealing Shales: Once excavation drops into the Upper Ordovician shales (Queenston, 
Georgian Bay, and Blue Mountain formations), groundwater movement drops off significantly. 
These formations act as massive regional aquitards. 
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 The Powerhouse Cavern: The Cobourg Limestone, which is the targeted host rock for the 
subterranean powerhouse cavern, is renowned for being exceptionally dry. Geotechnical 
investigations across Southern Ontario show that the Cobourg has a microscopic hydraulic 
conductivity ranging from 10-11 to 10-13 m/s (NWMO, 2015). 

 Expected Inflows: Because the rock is so tight, matrix groundwater inflow into the deep tunnels 
and the powerhouse cavern will be minimal—often described as a steady "weeping" rather than 
active water flowing from the rock faces. Total structural inflows for the deep cavern are 
anticipated to be remarkably low (frequently < 5 L/second for the entire deep complex), with the 
bulk of the water managed in the deep sumps actually stemming from construction activities (e.g., 
drilling water, TBM cooling fluids, and shotcrete application). 

2. Anticipated Dewatering Water Quality (Chemistry) 

While the quantity of deep water is low, the chemical concentration of that water is incredibly high. 
Dewatering systems will collect a blend of two distinct water streams that must be isolated and 
treated differently before environmental discharge. 

Stream 1: Deep Geogenic Brines (High Mineralization) 

Any natural groundwater weeping into the deep tunnels or cavern from the lower formations consists 
of ancient, stagnant Michigan Basin brines. This water has completely natural chemical 
concentrations that far exceed provincial water quality objectives: 

 Extreme Salinity: Total Dissolved Solids (TDS) can exceed 100,000 mg/L (for comparison, 
seawater is roughly 35,000 mg/L). This includes extreme concentrations of Sodium (Na+) and 
Chloride (Cl-). 

 Sulphates and Minerals: Elevated natural concentrations of Sulphate (SO4
2-), Boron (B), 

Strontium (Sr), and Barium (Ba) will be present (Stantec & Arcadis, 2021). 

 Dissolved Gases: As the hydrostatic pressure drops inside the excavated tunnel, this water will 
release dissolved Methane (CH4) and trace Hydrogen Sulfide (H2S) directly into the tunnel 
atmosphere and water collection sumps. 

Stream 2: Construction-Induced Contaminants (Suspended Solids & High pH) 

The mechanical act of digging the tunnel introduces artificial contaminants into the dewatering 
stream: 

 High Total Suspended Solids (TSS): TBM grinding and drill-and-blast operations create 
immense volumes of fine rock flour and silt. This is particularly problematic in the Queenston 
Shale, which slakes and disperses into water as ultra-fine, slow-settling clay particles. 

 Alkaline Spikes (High pH): The extensive use of concrete tunnel liner segments, shotcrete spray 
on cavern walls, and cementitious grout injections will leach calcium hydroxide into the water, 
driving the pH of the dewatering stream up to 11 or 12. 

 Nutrient Infiltration: Conventional drill-and-blast phases using ANFO explosives leave behind 
ammonia and nitrate residues, which dissolve into the dewatering water. 
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3. Water Treatment Requirements 

Because the project site borders the pristine and ecologically sensitive coldwater habitats of southern 
Georgian Bay, direct discharge of untreated dewatering water is impossible. The site design must 
feature a multi-stage water treatment facility: 

1. Oil-Water Separation: To catch leaks from TBM hydraulics and heavy diesel machinery. 

2. CO2/Acid Injection Systems: To safely neutralize the highly alkaline, high-pH water down to a 
neutral range (6.5 to 8.5) before it leaves the site. 

3. Flocculation and Coagulation Tanks: Specialized polymers must be added to force the ultra-
fine Queenston shale clay particles to clump together and settle out in clarification ponds. 

4. Desalination/Brine Management: If deep brine inflows are significant, high-efficiency 
evaporators or reverse osmosis systems may be required to prevent highly saline water from 
altering the local surface water chemistry. 
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 Stantec & Arcadis. (2021). Baseline Hydrogeological Assessment and Groundwater Sampling 
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(Documents baseline deep-well sampling at the Meaford DND base, confirming natural groundwater 
exceedances of sodium, chloride, boron, and strontium). 

 Intera Engineering Ltd. (2011). Regional Hydrogeology – Southern Ontario Paleozoic 
Sedimentary Basin. NWMO Report DGR-TR-2011-01. 

(Details the regional flow mechanics, confirming that the Upper Ordovician shales act as regional 
aquitards that severely restrict vertical groundwater migration). 
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Sedimentary Rock. Tunnelling and Underground Space Technology, 26(4). 
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8. What treatment is required to improve excavation dewatering to Ontario Drinking Water 
Standards? 

Treating excavation dewatering water from the Meaford site to meet the Ontario Drinking Water 
Quality Standards (ODWQS - O. Reg. 169/03) is a highly complex engineering task. Because the 
water stream transitions from shallow, turbid runoff to deep, highly mineralized geogenic brines, 
standard municipal filtration is insufficient. 
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To achieve drinking water quality, a multi-stage advanced water treatment plant (AWTP) must be 
deployed sequentially to target specific physical, chemical, and radiological parameters. 

1. Sequential Treatment Process Train 

To transform raw construction dewatering water into water that complies with O. Reg. 169/03, the 
treatment train must systematically address the parameters outlined below: 

Stage 1: Primary Clarification & Oil Separation 

 Target Parameters: Total Suspended Solids (TSS), free oil, and grease. 

 Process: Water passes through oil-water separators to remove mechanical fluids from the Tunnel 
Boring Machine (TBM) and heavy equipment. It then enters a grit chamber to settle out heavy 
rock chips and coarse sand. 

Stage 2: Chemical Coagulation, Flocculation, and pH Correction 

 Target Parameters: Ultra-fine clay turbidity (specifically from the slaking Queenston Shale) and 
extreme alkalinity (pH 11–12) caused by shotcrete and concrete tunnel segments. 

 Process: Automated inline systems inject carbon dioxide (CO2) or sulfuric acid to reduce the 
high pH to a neutral range (6.5 to 8.5). Specialized chemical coagulants (e.g., polyaluminum 
chloride) and flocculant polymers are introduced to force the ultra-fine, slow-settling colloidal 
shale particles to bind into larger "flocs" that can be mechanically removed in a lamella clarifier. 

Stage 3: Advanced Desalination (Reverse Osmosis) 

 Target Parameters: Dissolved geogenic minerals from deep Michigan Basin brines. This is the 
most energy-intensive stage. The ODWQS mandates strict maximum acceptable concentrations 
(MAC) or Aesthetic Objectives (AO) for these deep bedrock elements: 

o Chloride (Cl-): Must be reduced below the AO of 250 mg/L (raw brine can exceed 
50,000 mg/L). 

o Sodium (Na+): Must be reduced below the medical advisory limit of 20 mg/L. 

o Sulphate (SO4
2-): Reduced below 500 mg/L. 

o Boron (B): Must meet the strict health-based MAC of 5.0 mg/L. 

o Strontium (Sr) & Barium (Ba): Barium must be brought below the MAC of 1.0 mg/L. 

 Process: High-pressure Reverse Osmosis (RO) membranes are required to strip these dissolved 
ions out of the water matrix. Because RO produces a clean permeate (drinking water standard) 
and a highly concentrated reject brine, a parallel brine crystallization or evaporation system is 
necessary to manage the waste salt without destroying local freshwater ecosystems. 

Stage 4: Advanced Oxidation Process (AOP) & Media Filtration 

 Target Parameters: Trace explosive residues from drill-and-blast operations (ANFO, RDX, 
DNT), biogenic hydrocarbons from the Collingwood shale, and trace surface ordnance 
contaminants (e.g., PAHs). 
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 Process: The water passes through Granular Activated Carbon (GAC) filters to adsorb organic 
compounds. This is paired with an Advanced Oxidation Process utilizing Ultraviolet (UV) light 
combined with Hydrogen Peroxide (H2O2) to chemically break down complex explosive 
molecules into inert byproducts. 

Stage 5: Disinfection & Post-Conditioning 

 Target Parameters: Pathogens (introduced if surface runoff mixes with construction water) and 
stability. 

 Process: Sodium hypochlorite (chlorine) injection provides a disinfectant residual. Because RO 
water is highly aggressive and corrosive to infrastructure, the water must pass through a calcite 
re-hardening filter to balance its hardness and alkalinity to meet ODWQS aesthetic parameters. 

2. Parameter Mapping: Raw Water vs. Treatment Requirement 

Contaminant 
Type 

Dominant 
Parameter 

Raw Water 
Condition 

ODWQS 
Target (O. 
Reg. 169/03) 

Required 
Treatment 
Technology 

Physical Turbidity / Silt 
Extremely 
High (> 500 
NTU) 

< 1.0 NTU 
Flocculation + 
Ultrafiltration 

Chemical (pH) 
Hydroxides 
from concrete 

Strongly 
Alkaline (pH 
11–12) 

6.5 to 8.5 
CO2 or Acid 
Neutralization 

Dissolved Ions Chloride (Cl-) 
Deep Brine (> 
50,000 mg/L) 

≤ 250 mg/L 
(AO) 

High-Pressure 
Reverse Osmosis 

Dissolved Ions Sodium (Na+) 
Deep Brine (> 
3,500 mg/L) 

≤ 20 mg/L 
(Health 
Warning) 

High-Pressure 
Reverse Osmosis 

Dissolved Ions Boron (B) 
Bedrock 
leaching 

Elevated (> 15 
mg/L) 

≤ 5.0 mg/L 
(MAC) 

Anthropogenic 
Energetics 
(RDX/DNT) 

Blast residues Trace fractions 
Varying MAC 
guidelines 
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9. How does the proposed Meaford DND Pumped Storage compare to Ludington Pumped 
Storage, Michigan? 

The proposed 1,000 MW Meaford Pumped Storage Project in Ontario and the massive 2,400 MW 
Ludington Pumped Storage Plant in Michigan represent two flagship energy storage assets on the 
Great Lakes. While they share the same overarching goal—utilizing a Great Lake as a lower reservoir 
to provide grid-scale balancing—their engineering designs, geological settings, and subterranean 
footprints are vastly different. 

The Ludington plant (completed in 1973) serves as a vital historical and technological baseline for 
what TC Energy proposes at the Meaford Department of National Defence (DND) site. 
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1. Key Technical Specification Comparison 

Design Parameter 
Proposed Meaford Pumped Storage 
Project 

Ludington Pumped Storage 
Plant 

Location / Water 
Body 

Meaford, ON (Southern Georgian Bay 
/ Lake Huron) 

Ludington, MI (Eastern Lake 
Michigan) 

Installed 
Capacity 

1,000 MW 
2,400 MW (Upgraded from 
1,872 MW) 

Powerhouse 
Configuration 

Subterranean Cavern (Deep 
underground in the Cobourg 
Limestone) 

Surface Powerhouse (Located 
directly on the Lake Michigan 
shoreline) 

Water Conduits 
Sub-surface Tunnels excavated by 
Tunnel Boring Machine (TBM) 
through the Escarpment 

Surface Penstocks (Six massive 
exposed steel pipes running 
down the bluff) 

Total Hydraulic 
Head 

High Head (~250 meters / 820 feet) 
Low-to-Medium Head (~110 
meters / 360 feet) 

Upper Reservoir 
Design 

Excavated, synthetic-lined reservoir 
atop the DND escarpment plateau 

Artificial perched reservoir 
enclosed by a 6-mile-long clay-
core earth-fill dyke 

2. Geological & Geotechnical Contrast 

The most profound differences between the two projects are rooted in the geology of the Michigan 
Basin. Because the basin’s sedimentary layers dip gently like a stack of nested bowls, the two sites 
encounter completely different materials at the surface. 

Ludington: Glacial Overburden & Unconsolidated Soils 

 The Geological Setting: Ludington is built entirely on unlithified, loose glacial drift and sand 
dunes blanketing the western edge of Michigan. There is no competent bedrock near the surface. 

 Engineering Consequences: Because the upper reservoir sit on loose sand and clay bluffs, 
builders had to construct a massive earth-fill embankment dam lined with specialized hydraulic 
asphalt to prevent catastrophic seepage. The soft ground meant that tunneling was impossible; the 
water conduits had to be built as exposed surface penstocks. Over the decades, Ludington has 
required sophisticated monitoring to manage internal erosion, sinkholes, and shifting sands 
beneath its foundation (Chugh, 1995). 
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Meaford: Competent Paleozoic Bedrock & The Escarpment 

 The Geological Setting: Meaford is carved directly into the hard, sedimentary layers of the 
Niagara Escarpment, transitioning from Silurian dolostone down through dense Ordovician 
shales into the ultra-competent Cobourg Limestone. 

 Engineering Consequences: The presence of high-strength rock allows Meaford to be built 
almost entirely underground. Instead of surface penstocks, a TBM will bore deep water intakes. 
Instead of a surface station, a cavern will be blasted out hundreds of meters below the surface. 
While Meaford avoids the soft-ground erosion risks faced by Ludington, it introduces the unique 
bedrock challenges discussed previously: overcoming high horizontal in-situ stresses and 
handling time-dependent swelling in the Queenston shale. 

3. Environmental & Ecosystem Dynamics 

Both facilities operate on interconnected Great Lakes ecosystems but face distinct localized 
environmental scrutiny regarding fish entrainment (fish being drawn into the pumps during the 
reservoir-filling cycle). 

 The Ludington Precedent: When Ludington was commissioned in the 1970s, the high-velocity, 
open-water intake structures caused substantial fish mortality, drawing in species like salmon, 
trout, and alewives from Lake Michigan. To rectify this, consumers and operators were mandated 
to install a massive, 2.5-mile-long seasonal fish net barrier surrounding the entire jetty structure. 
This net remains one of the largest aquatic deterrents in the world (Sztramko, 1989). 

 The Meaford Strategy: Learning directly from Ludington’s operational history and subsequent 
legal battles, the Meaford design bypasses surface-level open intakes. TC Energy’s proposal 
features a sub-surface pore-structure intake buried beneath the floor of Georgian Bay. By 
drawing water at an exceptionally low velocity (< 0.15 m/s) through engineered gravel beds, the 
intake aims to minimize the localized suction field, theoretically preventing fish fry and 
salmonids from being entrained without needing a visible surface net array. 
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Georgian Bay (Ontario) Pumped Storage – Open AI Query on Seismicity and 
Cyclical Reservoir Filling EƯects on Pumped Storage Infrastructure 

Note:  1)    For each question, the AI has been prompted to provide references 

1. How will local earthquakes similar to the Oct 20, 2005 4.3 Magnitude Earthquake in Georgian
Bay off of Meaford, seismicity, Niagara Escarpment Geological Formations, including 
Manitoulin, Queenston, Georgian Bay, Blue Mountain, Rouge River, Collingwood and Cobourg 
Formations, and cyclical reservoir filling with daily cyclical flow of 500 m3/s  affect the Pumped 
Storage Infrastructure at Meaford Department of National Defence Base? 

The proposed Pumped Storage Project at the Department of National Defence (DND) 4th Canadian 
Division Training Centre in Meaford, Ontario, represents a highly complex engineering challenge. 
Interacting with the unique Paleozoic stratigraphy of the Niagara Escarpment, localized seismic 
hazards, and massive hydrostatic forces creates specific risks and design requirements. 

Here is an analysis of how these elements—local earthquakes, regional seismicity, specific geological 
formations, and rapid cyclical reservoir operations—will affect the infrastructure. 

1. Seismic Impacts (The 2005 4.3 Magnitude Baseline)

The October 20, 2005, magnitude 4.3 earthquake centered in Georgian Bay near Meaford serves as a 
critical design-basis reminder that Southern Ontario, while intraplate, is seismically active due to the 
Southern Great Lakes Seismic Zone. 

 Ground Shaking and Peak Ground Acceleration (PGA): A magnitude 4.3 earthquake produces
minor to moderate localized shaking. For a robustly engineered pumped storage facility, a 4.3M
event is highly unlikely to cause catastrophic failure. However, it can induce structural fatigue,
micro-fracturing in concrete linings, and minor rockfalls along unlined rock cuts. Infrastructure
must be engineered to withstand the maximum credible earthquake (MCE) for the region, which
seismologists typically peg higher than a 4.3.

 Resonance and Hydrodynamic Sloshing: Seismic waves can cause "sloshing" (seiche effects)
in the upper reservoir. This puts sudden, dynamic lateral loads on the containment dykes/dams.

Appendix H.4.C.2
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2. Geological Formations of the Niagara Escarpment 

The project relies on utilizing the massive elevation drop of the Niagara Escarpment. However, 
drilling tunnels (penstocks), constructing an upper reservoir, and building an underground 
powerhouse means interacting with a highly stratified, heterogeneous sequence of rock formations. 

Upper Containment & Excavation Zone 

 Cobourg & Collingwood Formations: These are generally dense, fine-grained limestones and 
organic-rich shales. While excellent for structural foundations due to their lower permeability, 
they are brittle. Shales within the Collingwood formation can experience swelling or slaking 
when exposed to air and water during excavation. 

 Blue Mountain & Georgian Bay Formations: Predominantly comprised of shale intercalated 
with thin limestone and sandstone beds. Shales are notoriously problematic for pumped storage: 

o They have lower shear strength. 

o They are highly susceptible to weathering and weakening when saturated. 

o Excavating tunnels through the Georgian Bay formation requires extensive initial ground 
support (rock bolts, shotcrete, and heavy concrete lining) to prevent squeezing and cave-
ins. 

Lower Strata & Foundation Zone 

 Queenston Formation: A thick, prominent layer of red shale. It is easily erodible and weakens 
significantly upon cyclic wetting and drying. If the lower reservoir structures or penstock bases 
interface with the Queenston shale, strict water-tight sealants and heavy reinforcement are 
required to prevent under-scouring. 

 Manitoulin Formation: A hard, bedded dolostone. This layer provides an excellent, competent 
rock mass for anchoring infrastructure or acting as a stable foundation block, though it can feature 
localized karstification (fractures widened by water). 

 Rouge River Formation: Structurally variable, these older shale/siltstone units require careful 
grouting to mitigate groundwater inflows during deep powerhouse excavations. 

3. Cyclical Reservoir Filling (500 m³/s Flow) 

Operating a pumped storage facility with a daily cyclical flow of 500 m³/s means the upper reservoir 
will fill and empty rapidly every 24 hours. This creates severe dynamic and mechanical stresses: 

Pore Pressure & Slope Stability 

As water is pumped up, water pressure inside the pores and fractures of the surrounding rock 
formations increases. When water is released at 500 m³/s to generate power, the reservoir level drops 
rapidly. This creates a rapid drawdown condition: the water trapped inside the rock pores cannot 
drain as fast as the reservoir level drops. This high internal pore pressure pushes outward against the 
reservoir slopes, which can trigger severe landslides, slumping, and rockfalls—especially in the weak 
shales of the Georgian Bay and Blue Mountain formations. 
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Reservoir-Induced Seismicity (RIS) 

The sheer weight of millions of cubic meters of water shifting cyclically changes the local stress field 
on the underlying bedrock daily. 

 This cyclic loading and unloading, combined with high pore-water pressures lubricating existing 
underground faults, can trigger Reservoir-Induced Seismicity (RIS). 

 While RIS usually results in micro-earthquakes (Magnitude < 2.0), in an area already prone to 
events like the 2005 4.3M earthquake, it could potentially trigger small, shallow faults, 
accelerating structural wear on the facility. 

Hydraulic Scour and Fatigue 

A flow rate of 500 m³/s generates immense kinetic energy. The intake and outlet structures will 
experience extreme hydraulic shear stress. Without heavy reinforcement (such as steel-lined 
penstocks and heavily armored concrete aprons), this cyclical flow will rapidly scour, erode, and 
cavitate the surrounding rock, particularly the softer Queenston and Georgian Bay shales. 

4. Interaction Hazards (The Multiplier Effect) 

The greatest risk comes from these factors acting simultaneously. For example: 

1. Cyclical filling increases pore water pressure, weakening the joints in the Georgian Bay shales. 

2. A local 4.3 Magnitude earthquake occurs. 

3. The weakened, highly saturated rock mass undergoes seismic acceleration, leading to a major 
structural failure of the upper reservoir liner or an underground tunnel collapse. 

To mitigate this, the facility requires a completely impermeable reservoir lining system (e.g., asphalt 
concrete or geomembranes) to prevent water from entering the sensitive escarpment shales, coupled 
with a robust drainage network and heavily lined subterranean penstocks. 
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Georgian Bay (Ontario) Pumped Storage – Open AI Query on Potential Ring Dam 
Breach and Torrential Flooding of Civilian Lands 

Note:  1)    For each question, the AI has been prompted to provide references. 

1. What is the probability of the maximum hydraulic head 193 m, 4.5 km long, 20 m high, 240-
acre water surface elevated Garrison Pump Storage Reservoir Ring Dam constructed on the 
DND high karstic dolostone plateau breaching with resultant catastrophic torrential flow of 
18 to 23 million m3 of water flooding down the adjacent Niagara Escarpment Slopes to 
Georgian Bay similar to the Taum Sauk, Missouri Pumped Storage Ring Dam Breach? How 
do these reservoirs physically compare? 

Probability of Breach 

Calculating the absolute probability of a catastrophic breach for a specific, newly engineered dam 
is inherently complex because modern structures rely on advanced deterministic safety factors 
rather than historical empirical failure rates. However, global historical data across all large dam 
types indicates an overall failure rate of approximately 10-4 per dam-year (or a 1-in-10,000 chance 
per year) (Costa, 1985). 

For a modern pumped-storage reservoir built under rigorous contemporary regulatory frameworks 
(such as the Canadian Dam Association guidelines), the anticipated probability of a sudden 
structural breach is significantly lower, typically targeted at less than 10-5 to 10-6 annually. 

Specific Geotechnical Risks for the Proposed Meaford Site 

While the statistical probability is low, the consequence profile is severe, and the site presents 
specific geological vulnerabilities: 

 Karst Topography: Building a massive reservoir on the high karstic dolostone plateau of the
Niagara Escarpment introduces a major geotechnical hazard. Karst features include subterranean
networks, joints, and sinkholes. If the reservoir's internal liner or synthetic membrane experiences
even a minor failure, high hydraulic pressure can drive water into these fractures. This can rapidly
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erode underground channels, leading to internal piping, foundation instability, and localized 
collapse. 

 The Overtopping Hazard: As demonstrated historically, the most vulnerable failure mode for 
ring dams (which have no natural catchment or spillway systems) is overtopping due to human 
error, pump/turbine SCADA system malfunctions, or level-sensor failures (Deneale et al., 2019). 

Physical Comparison: Meaford (Proposed) vs. Taum Sauk (Historical) 

The proposed Meaford Pumped Storage project at the DND training area shares striking 
geometric similarities with the infamous Taum Sauk reservoir in Missouri, but it is vastly 
upscaled. 

Physical Parameter 
Proposed Meaford 
Reservoir 

Taum Sauk Upper Reservoir (Pre-2005 
Failure) 

Dam Type 
Perimeter Ring Dam 
(Dike) 

Uncompacted Rockfill Ring Dam with 
concrete face 

Water Surface Area 240 acres (~97 hectares) ~50 acres (~20 hectares) 

Dike/Wall Height 20 meters (~65 feet) 21 to 27 meters (70 to 90 feet) 

Perimeter Length 4.5 kilometers ~1.6 kilometers 

Maximum Hydraulic 
Head 

193 meters (~633 feet) ~230 meters (~750 feet) 

Total Stored Volume 18 to 23 million m3 5.7 million m3 (1.5 billion gallons) 

Key Engineering Takeaways from the Comparison 

 Volume Scale: The proposed Meaford reservoir would hold roughly 3 to 4 times the volume of 
water that was released during the Taum Sauk disaster. A breach at Meaford would release up to 
23 million cubic meters of water, compared to Taum Sauk's 5.7 million cubic meters (Rydlund, 
2006). 

 The Taum Sauk Failure Mechanism: On December 14, 2005, Taum Sauk's upper reservoir 
failed because water level sensors became dislodged, causing pumps to continuously operate until 
water overtopped the rockfill dike (Deneale et al., 2019). Because it was an uncompacted rockfill 
structure, the overtopping water rapidly eroded the outer face, triggering a complete structural 
blowout within minutes (Deneale et al., 2019). 

 Modern Design Differences: To mitigate these risks, modern ring dams are rarely constructed 
using simple dump-rockfill methods. They generally utilize Roller-Compacted Concrete (RCC) or 
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highly engineered, multi-layered concrete-faced rockfill dams (CFRD) equipped with triple-
redundant, physically isolated overflow sensors and emergency spillway shafts that bypass water 
directly back into the lower pool (reservoir) through underground tunnels. 
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2. What are the anticipated adverse effects of torrential flood flows on the approximately 800 
residents and 1,500 acres of civilian agricultural and recreation lands in the torrential 
inundation zone to Georgian Bay? 

In the highly improbable event of a catastrophic breach of the proposed Meaford Pumped Storage 
ring dam, the release of 18 to 23 million cubic meters of water would trigger an unprecedented 
human, environmental, and economic disaster. 

Because the reservoir sits atop the Niagara Escarpment—elevated approximately 150 to 174 
meters vertically above the residential shoreline—the water would transform into a high-velocity, 
torrential mud-and-debris flow as it rushed down the steep slopes toward Georgian Bay.  

According to independent geographical reviews and community impact filings submitted to the 
Impact Assessment Agency of Canada (IAAC, 2026), the anticipated adverse effects on the 
inundation zone span several critical categories: 

1. High Risk to Human Life and Structural Devastation 

The primary hazard is a fast-moving, multi-meter-high wave of water and dislodged rock. The 
800 to 1,000 residents living along the shoreline and roads below the escarpment (such as the 7th 
Line) reside directly within the Torrential Flooding Hazard Zone (Hunter & Associates, 2026).  

 Fatality and Injury Risk: A sudden nighttime failure, mirroring the historical Taum Sauk 
disaster, leaves virtually zero lead time for emergency evacuation. Water traveling down a 150-
meter drop behaves less like a standard rising flood and more like a kinetic wall of force, capable 
of crushing wood-frame homes and sweeping vehicles off roads. 

 Loss of Critical Infrastructure: Coastal roads, bridges, power lines, and utility corridors 
connecting Meaford to adjacent coastal communities would be instantly severed or buried under 
mud and rock. 
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2. Complete Destruction of Farmland and Soil Stripping 

The 1,500 acres of civilian land in the direct path consists of active, multi-generational 
agricultural operations and unique microclimate orchards. 

 Topsoil Scouring: High-velocity torrential flows do not just submerge land; they strip it. Millions 
of tons of water moving down steep gradients violently scour away fertile topsoil down to the 
bedrock, rendering premium agricultural acreage permanently barren. 

 Contamination and Debris Deposition: As the floodwaters breach the military training base 
boundary, they would tear through forested lands, farm outbuildings, and residential zones. The 
receding water would leave behind millions of tons of heavy boulders, shattered timber, 
pulverized concrete, and hazardous agricultural/household chemicals. 

3. Immediate Degradation of Private Drinking Water Realities 

Unlike urban centers, the residential population along the shoreline north of Meaford's downtown 
core does not have access to municipal treated water infrastructure (Cottager’s Association, 
2026).  

 Destruction of Private Intakes: These 300+ properties rely entirely on private water supply 
systems drawing directly from the nearshore waters of Georgian Bay.  

 Turbidity and Sedimentation: A breach would dump millions of cubic meters of eroded 
escarpment clay, silt, and organic debris directly into the nearshore zone. The resulting extreme 
turbidity (cloudiness) and sediment suspension would physically destroy sub-surface intake pipes 
and pumps, cutting off drinking water to hundreds of homes for months. 

4. Severe Economic and Insurance Impacts 

Even in the absence of a failure, the formalized mapping of a "Torrential Inundation Zone" above 
residential communities drastically alters the local socioeconomic landscape. 

 Uninsurability: Actuarial responses to catastrophic dam breach zones are severe. Local property 
owners have highlighted warnings from global brokerages noting that should a major ring dam be 
constructed directly overhead, private overland flood insurance could be completely withdrawn, 
or policies could implement absolute exclusions for dam failure (Hub International, 2026). 

 Property Devaluation: The permanent psychological and material risk of living beneath an 
industrial reservoir holding back 26 billion kilograms of water on unstable karst geology heavily 
depreciates real estate values and stunts future recreational development along the escarpment 
slopes (Balfour, 2026). 

References 

 Balfour, C. (2026). Comments to the Impact Assessment Agency of Canada regarding the 
Ontario Pumped Storage Project (Registry No. 89803). Submitted April 6, 2026. 

 Cottager’s Association. (2026). Public Submission: Review and Comments on the Initial Project 
Description (IPD) for the Meaford Pumped Storage Facility. Impact Assessment Agency of 
Canada Registry. 



 
 

 
 May 27, 2026 5 
 

 HUB International. (2026). Actuarial Advisory Note regarding Property Insurance 
Underwriting Limitations within High-Velocity Dam Inundation Pathways. 

 Hunter & Associates. (2026). Topographical Evaluation and Torrential Flood Hazard Zone 
Mapping: Meaford DND Escarpment Slopes to Georgian Bay (Visuals H.3.1 & H.3.2). Report 
appended to IAAC Public Registry Submission 66316. 

 Impact Assessment Agency of Canada [IAAC]. (2026). Summary of Issues: Ontario Pumped 
Storage Hydropower Project (Ref No. 89803). Government of Canada. 

 

3. Where will civilian residents obtain insurance for loss of life and property damage? 

In Canada’s insurance framework, obtaining compensation for loss of life and property damage 
resulting from a catastrophic infrastructure failure, such as a major dam breach, is structurally 
distinct depending on whether the claim involves life insurance or property coverage. 

For the civilian residents living below the proposed industrial reservoir, standard commercial 
pathways apply to life insurance, whereas property damage compensation relies on a highly 
complex and restrictive intersection of private policies, third-party liability, and government 
backstops. 

1. Loss of Life (Life Insurance) 

Obtaining and claiming life insurance remains largely unaffected by geographic location or 
proximate proximity to industrial hazards. 

 Standard Policies: Private life insurance policies (term or permanent) purchased by individuals 
cover death from accidental causes, including natural or man-made disasters like a dam breach. 

 Underwriting Restrictions: Unlike property insurance, standard individual life insurance 
applications do not typically cross-reference localized flood-inundation maps or alter premiums 
based on nearby industrial developments like a pumped-storage reservoir. Barring any highly 
specific or unusual structural policy exclusions related to localized industrial employment on the 
base, standard private carriers (e.g., Sun Life, Manulife, Canada Life) remain the source for life 
insurance. 

2. Property Damage (The Private Insurance Reality) 

Securing private, direct insurance for property damage caused by a massive, high-velocity 
infrastructure breach is exceptionally difficult or entirely unavailable for the homeowner. 

 The "Overland Flood" Exclusion Limitation: While private overland flood insurance was first 
introduced to Canadian homeowners in 2015, it is explicitly designed for freshwater riverine or 
coastal flooding driven by meteorological events (Davies, 2020; Sandink et al., 2015). Virtually 
all private residential property policies in Canada explicitly list man-made dam breaches or 
infrastructure failures as an absolute exclusion under standard overland water endorsements. 

 High-Risk Market Retraction: When a specific zone is formally mapped as an active dam-
breach inundation pathway, private insurers frequently withhold overland water endorsements 
entirely due to the extreme loss-severity profile (Davies, 2020; Sandink et al., 2015). Unlike the 
automobile sector, which utilizes residual market pools like the Facility Association to guarantee 
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coverage for high-risk drivers, there is no statutory residual market pool or "insurer of last 
resort" for high-risk property insurance in Canada (Cantin, 1989). If a private broker deems a 
property uninsurable due to localized risks, the homeowner cannot buy an alternative high-risk 
pool policy. 

3. Alternate Mechanisms for Property Recovery 

Because direct private first-party property insurance is generally unavailable for structural 
failures, residents impacted by a breach would have to seek financial recovery through alternative 
channels: 

A. Third-Party Liability and Legal Recourse (The Operator's Insurance) 

If a breach occurs, primary financial accountability rests on the developer and operator of the 
facility under strict liability principles for escaping water. Under frameworks like the Dominion 
Water-Power Act requirements and federal/provincial environmental assessment stipulations, the 
project proponent (TC Energy / TransCanada Energy Ltd.) must carry massive commercial 
general liability (CGL) and specialized environmental/infrastructure failure insurance policies 
(Canada Gazette, 2026). In a catastrophic failure, civilian property recovery would largely depend 
on multi-billion-dollar corporate liability payouts, structured settlement funds, or class-action 
litigation targeted at the operator's commercial insurers. 

B. Government Disaster Financial Assistance (DFA) 

If private insurance is unavailable, homeowners look to public disaster relief. 

 Provincial-Federal Backstop: In Ontario, the Disaster Recovery Assistance for Ontarians 
(DRAO) program, backstopped federally by the Disaster Financial Assistance Arrangements 
(DFAA), steps in to provide financial aid following large-scale disasters (Davies, 2020; 
Deschamps, 2023). 

 Critical Limitations: A core tenet of the DFA system is that it does not compensate for damages 
if private insurance is considered reasonably available (Davies, 2020). If the disaster is classified 
strictly as a corporate man-made failure, public funds may be tightly restricted or legally clawed 
back from the responsible corporation. Furthermore, DFA programs are restricted strictly to 
"essential" property recovery (basic structural stabilization) and do not match the full replacement 
value or comprehensive coverage provided by standard private policies (Deschamps, 2023). 
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4. Will DND as the owner of the Pumped Storage facility be responsible for damages through 
‘Honour of the Crown’ protocols? 

No, the Department of National Defence (DND) or the Federal Crown will not be held 
responsible for civilian property damage or loss of life through "Honour of the Crown" protocols. 

There is a common misconception that because the phrase sounds like an overarching moral 
guarantee of state accountability, the "Honour of the Crown" acts as a general safety net for any 
damage originating from Crown land. Legally, this is incorrect. 

The application of this principle to a catastrophic facility failure is governed by distinct legal 
frameworks: 

1. The Legal Definition and Scope of "Honour of the Crown" 

The "Honour of the Crown" is not a general tool for civil lawsuits (torts) or a mechanism for 
ordinary citizen compensation. It is a foundational, constitutional principle specifically 
governing the relationship between the Canadian State and Indigenous peoples (Department 
of Justice Canada, 2025; Goldblatt Partners, 2024).  

 When It Applies: It is engaged solely when Section 35 of the Constitution Act, 1982 is 
triggered—meaning circumstances involving the assertion of Crown sovereignty over pre-
existing Aboriginal societies, the interpretation of historic treaties, or the duty to consult and 
accommodate Indigenous Nations (Goldblatt Partners, 2024; Yellowhead Institute, 2025). 

 Why It Excludes Civilian Tort Claims: The Supreme Court of Canada has explicitly stated that 
the Honour of the Crown is not a standalone cause of action for civil damages or negligence 
claims brought by non-Indigenous individuals (Department of Justice Canada, 2025). If a dam 
failure impacts civilian residents, the Honour of the Crown protocol simply does not possess the 
jurisdictional scope to handle their claims.  

2. How the Protocol Could Indirectly Apply to Indigenous Communities 

While civilian residents cannot use it, a catastrophic breach could trigger the Honour of the 
Crown regarding local First Nations (such as the Saugeen Ojibway Nation), whose constitutional, 
treaty-protected fishing and hunting rights in Georgian Bay and the Nottawasaga watersheds 
could be severely impacted or destroyed by torrential mudflows. 

In historical precedents involving the unauthorized or negligent flooding of reserve lands or 
traditional territories for hydroelectric generation, courts have used "Honour of the Crown" and 
fiduciary duty frameworks to order the Crown to pay massive equitable compensation to First 
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Nations (MLT Aikins, 2021). The Supreme Court's landmark Southwind v. Canada (2021) 
decision established that when Crown-authorized hydro projects destroy Indigenous lands, 
compensation cannot be calculated using basic expropriation floors; it must reflect the true, long-
term impact on the community and their connection to the land.  

3. The Actual Legal Pathway for Civilian Claims: The Crown Liability and Proceedings Act 

Because the Honour of the Crown does not apply to non-Indigenous property owners, civilian 
residents seeking damages from DND or the federal government would instead have to sue under 
standard Canadian civil law using the Crown Liability and Proceedings Act (R.S.C., 1985, c. C-
50). 

Under this Act, the Federal Crown can be sued for property damage and loss of life exactly as if it 
were a private corporation: 

                  ┌────────────────────────────┐ 
                  │          CATASTROPHIC DAM BREACH            │ 
                  └───────┬────────────────────┘ 
                                         ↓ 
                    Is the claimant an Indigenous Nation 
                   or a non-Indigenous civilian resident? 
                                        │ 
                 ┌───────┴────────────────────┐ 
                 ↓                                                        ↓ 
       [ INDIGENOUS NATION ]                          [ CIVILIAN RESIDENT ] 
                 ↓                                                         ↓ 
    Constitutional Law Pathway                       Standard Civil Tort Pathway 
                 ↓                                                         ↓ 
 ┌─────────────────┐       ┌──────────────────┐ 
 │   Honour of the Crown &       │               │ Crown Liability & Proceedings│ 
 │   Section 35 Constitution       │                │ Act (R.S.C. 1985, c. C-50)       │ 
 └─────┬───────────┘               └────────┬─────────┘ 
                  ↓                                                      ↓ 
    • Breach of Fiduciary Duty                      • Crown Vicarious Liability  
    • Interruption of Treaty Rights                   (Negligence of employees) 
    • Remedied via "Equitable                       • Crown Occupiers' Liability 
      Compensation" (Southwind, 2021)          (Hazardous property condition) 

 Vicarious Liability (Section 3): The Crown is liable for damages caused by a tort committed by 
its servants (such as DND personnel or engineers) if the servant's conduct would have given rise 
to a lawsuit against that person individually. 

 Property Owner (Occupiers') Liability: The Crown is liable for damages born out of a breach 
of duty attaching to the ownership, occupation, possession, or control of property. 

The Core Operational Reality: If a breach occurs, DND's accountability to civilians would not 
stem from ancient, honorable protocols, but from a standard courtroom battle over geotechnical 
negligence, design failure, and structural oversight under standard Canadian tort law. 
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5. Will the province and the municipality approve new development and property 
improvements in the flood inundation zone? 

The structural answer to whether the Province of Ontario and the Municipality of Meaford will 
approve new development or property improvements within a mapped dam-breach inundation 
zone is no for new intensifications or major developments, but highly restricted or 
conditional for minor improvements on existing lots. 

Canadian land-use planning separates "natural hazards" (like standard riverine floodplains) from 
"human-made hazards" (such as a catastrophic industrial dam breach). However, the planning 
mechanisms used to restrict or manage development within an infrastructure failure zone rely on 
the same rigid planning frameworks. 

The regulatory response by provincial, municipal, and conservation authorities is governed by 
three primary layers of legislation. 

1. The Provincial Framework: The Provincial Planning Statement (PPS), 2024 

The Province of Ontario dictates minimum planning standards through the Provincial Planning 
Statement, 2024 (which replaced the old PPS 2020). Under Chapter 5 (Protecting People, 
Property and Community Resources), the province establishes mandatory policy directions 
regarding hazards:  

 Directing Development Away: The overarching provincial directive requires municipalities to 
direct development away from areas of natural or human-made hazards where there is an 
unacceptable risk to public health, safety, or property damage (Ontario, 2024).  

 The "Floodway" and "Hazardous Lands" Principle: New development and land-severances 
are strictly prohibited in designated floodways or hazardous lands where high-velocity, torrential 
flows would cause a risk of structural failure or prevent safe evacuation (Ontario, 2024). A 
mapped "Torrential Inundation Zone" falling under a high-head reservoir fits the definition of 
high-hazard land.  
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2. The Conservation Authority Layer: Grey Sauble Conservation Authority (GSCA) 

Under the Conservation Authorities Act and its updated regulations (Ontario Regulation 41/24), 
the GSCA has the statutory power to regulate development, site grading, and the placement of fill 
near watercourses, shorelines, and hazardous lands (GSCA, 2024).  

 Permit Requirements: If a resident wants to build an addition, a deck, a detached garage, or 
change the grade of a lot within a regulated hazard area, they cannot simply get a municipal 
building permit; they must first secure a GSCA Development Permit (GSCA, 2024). 

 The "Jeopardy" Test: The GSCA will deny a permit if the proposed activity impacts the control 
of flooding or erosion, or if it creates conditions that "might jeopardize the health or safety of 
persons or result in the damage or destruction of property" during a hazard event (GSCA, 2024). 
For properties directly below a high-velocity escarpment flow pathway, proving that an addition 
meets safe engineering or evacuation metrics is an exceptionally high bar. 

3. The Municipal Framework: Meaford Official Plan (Consolidated 2025) 

The Municipality of Meaford implements provincial and GSCA policies locally through its 
Official Plan and municipal zoning by-laws.  

 Environmental Protection (EP) Zoning: Hazard lands, including steep escarpment slopes and 
low-lying shoreline zones vulnerable to dynamic beach or flood hazards, are designated under the 
Environmental Protection framework (Municipality of Meaford, 2025). 

 The "One-Zone" vs. "Two-Zone" Approach: Meaford defaults to a strict "One-Zone" policy 
for high-risk areas, meaning the entire hazard footprint is treated as a non-development zone 
(Municipality of Meaford, 2025). 

┌────────────────────────────────────────────────┐ 
│              PROPOSED DEVELOPMENT / UPGRADE IN HAZARD ZONE               │ 
└──────────────────┬─────────────────────────────┘ 
                                          ↓ 
              What is the scope of the requested land use change? 
                                      ↓ 
             ┌───────────┴───────────────────┐ 
                    ↓                                                        ↓ 
  [ NEW DEVELOPMENT / SEVERANCE ]                    [ MINOR PROPERTY UPGRADE ] 
  (Subdivisions, New Homes, Commercial)                  (Additions, Sheds, Decks) 
             ↓                                                        ↓ 
  Provincial Planning Statement (2024)                    Ontario Regulation 41/24 
              ↓                                                        ↓ 
     • ABSOLUTE REFUSAL                                 • SITE-SPECIFIC STUDY REQ. 
     • Policy directs growth away                             • Must pass GSCA "Jeopardy Test" 
        from human-made hazards.                           • Must ensure zero risk to life, 
     • New lot creation prohibited.                            no impact on flood velocity. 
              ↓                                                           ↓ 
       NOT APPROVED                                      HIGHLY CONDITIONAL 
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The Operational Reality for Shoreline Residents 

If a formal "Torrential Inundation Zone" map is codified into local planning policy following an 
environmental assessment approval, the planning reality shifts: 

1. New Home/Lot Construction: Denied. The province and municipality will not approve new 
subdivisions, multi-unit developments, or commercial structures within a high-velocity 
inundation pathway where fatal structural force is modeled. 

2. Minor Improvements (Additions, Decks, Renovations): Highly Conditional / Restricted. 
Existing property owners do not lose their current homes, but expanding them becomes highly 
legally complex. A homeowner would be forced to hire private geotechnical and hydraulic 
engineers to submit a site-specific technical study to the GSCA proving that the modification will 
not alter flood flow vectors, increase risk to neighbors, or trap occupants during a structural 
failure (GSCA, 2024; Natural Resources Canada, 2025). If the study cannot guarantee absolute 
safety against a high-velocity torque wave, the municipality and GSCA will refuse the building 
permit. 
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6. Should the Pumped Storage Reservoir be located on the DND Garrison Plateau site? Is this 
responsible site selection without assessment of alternative sites? 

Whether the 4th Canadian Division Training Centre (4 CDTC) Meaford site is an appropriate 
location for the Ontario Pumped Storage reservoir is one of the most intensely contested 
environmental and engineering debates in the province. 
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Determining if this selection is "responsible" requires examining two sharply conflicting 
viewpoints: the developer and provincial government’s macro-energy strategy, and the local 
community's geotechnical and safety realities. 

The Proponent & Provincial Position: Why Meaford Was Selected 

From an engineering and energy planning perspective, TC Energy and the Ministry of Energy and 
Electrification view the DND Garrison site as an ideal layout for large-scale energy storage due to 
a specific combination of natural and structural features (TC Energy, 2026; Meaford Independent, 
2025): 

 Proximity to Power Infrastructure: The site is located close to the Bruce Nuclear Generating 
Station. Pumped storage relies on drawing cheap, surplus baseload power at night to pump water 
up, and the proximity minimizes transmission line losses (Lecce, 2025). 

 The "Ideal" Elevation Profile: Finding a location with a massive vertical drop (hydraulic head) 
immediately adjacent to a massive lower body of water is geographically rare. The Niagara 
Escarpment plateau at Meaford sits roughly 150 to 174 meters directly above Georgian Bay, 
providing the immense kinetic potential needed to generate 1,000 megawatts of electricity (Owen 
Sound Sun Times, 2026). 

 Utilization of Public Federal Land: Building on existing Department of National Defence 
(DND) land avoids having to expropriate hundreds of private properties, significantly simplifying 
the real estate and layout footprint.  

The Opposition & Community Position: The Flaw in Site Selection 

Local advocacy groups, such as Save Georgian Bay, along with six neighboring municipalities 
that have formally opposed the project, argue that placing a reservoir here is fundamentally 
irresponsible due to severe site-specific risks (Meaford Independent, 2026):  

 The Karst Hazard: Opponents and independent geologists emphasize that the Niagara 
Escarpment plateau consists of fractured, highly karstic dolostone. Constructing a 20-million-
cubic-meter industrial water basin over a dynamic rock network prone to sinkholes, subterranean 
erosion, and collapse introduces a severe public safety threat that text-based risk models cannot 
easily mitigate (Owen Sound Sun Times, 2026).  

 Proximate Residential Vulnerability: Unlike many global pumped storage facilities located in 
remote, unpopulated mountains, the Meaford reservoir would be built directly above an 
established coastal community of roughly 800 civilian residents.  

 Proximity to Live Artillery Training: The base is an active military training site. Residents have 
repeatedly raised concerns regarding how an artificial ring dam sitting on fragile, fractured karst 
will maintain structural integrity over a 50-year lifespan while being subjected to regular, ground-
shaking artillery blasts from the nearby ranges (Owen Sound Sun Times, 2026).  

Was There a Responsible Assessment of Alternative Sites? 

A central point of contention in the federal Impact Assessment—which formally commenced its 
planning phase in March 2026—is whether TC Energy bypassed a transparent analysis of 
alternative locations. 
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The Legally Mandated Alternative Review 

Under the Federal Impact Assessment Act, a project proponent cannot simply choose one piece of 
land and ignore the rest. The Impact Assessment Agency of Canada (IAAC) requires a 
comprehensive "Alternatives Assessment" during the planning phase (IAAC, 2026). TC 
Energy's Initial Project Description must explicitly detail: 

1. Alternatives to the project: (e.g., Why build pumped storage instead of large-scale chemical 
battery storage arrays?) 

2. Alternative locations: (e.g., What other topographical features along the Great Lakes or 
decommissioned open-pit mines across Ontario were evaluated?) 

The Community's Critique 

Public comments filed with the IAAC highlight a deep frustration that the site selection process 
felt retrofitted rather than exploratory (IAAC, 2026). Because TC Energy secured an Agreement 
in Principle with the DND back in July 2021—years before the formal impact assessment 
began—critics argue the site was chosen based on political and land-ownership convenience 
rather than a holistic search for the safest, lowest-impact geological setting in Ontario (Meaford, 
2023; Meaford Independent, 2026). 

The ongoing independent federal assessment is legally designed to force these baseline studies 
into the open, ensuring that if safer, non-karstic alternative sites were ignored, the project cannot 
simply bypass them. 
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Georgian Bay (Ontario) Pumped Storage – Open AI Query on Stormwater 
Management and Turbidity Concerns  

Note:  1)    For each question, the AI has been prompted to provide references 

1. What stormwater management issues should be expected in Warren Hill Creek Valley and
Cedar Ave area during Georgian Bay Pumped Storage Reservoir construction considering the 
prevalence of Queenston Shales and derived overburden on the high upper Niagara 
Escarpment Plateau and the lower slope Georgian Bay and Blue Mountain Shales? 

The construction of the Georgian Bay Pumped Storage Reservoir on the Niagara Escarpment near 
Meaford involves severe engineering and environmental constraints. The combination of steep 
escarpment topography and highly sensitive geological formations—Queenston Shales on the upper 
plateau and Georgian Bay / Blue Mountain Shales on the lower slopes—creates a uniquely high-
risk scenario for stormwater management. 

During heavy rain events or snowmelt, construction activities (such as clearing, blasting, excavation, 
and stockpiling) will profoundly alter the hydrology of the Warren Hill Creek Valley and the Cedar 
Ave area. 

The primary stormwater management issues expected during the construction phase include the 
following: 

1. High-Turbidity Runoff and Colloidal Suspensions

Shales, particularly the Queenston and Georgian Bay formations, are highly friable mudstones that 
weather rapidly into fine silt and clay when exposed to air and water. 

 The Issue: Traditional stormwater management infrastructure (e.g., standard silt fences and
sediment ponds) relies on gravity settling. However, the clay particles derived from these shales
easily break down into colloidal suspensions.

 Impact: These microscopic particles remain suspended in stormwater runoff for days or weeks.
Runoff flowing down the Warren Hill Creek Valley will carry extreme turbidity directly into the
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lower slope environments and eventually into Georgian Bay, violating water quality standards and 
harming aquatic life. 

2. Accelerated Slope Erosion and Mud/Debris Flows 

The transition from the high upper Niagara Escarpment Plateau down to the Cedar Ave area features 
exceptionally steep slopes. 

 The Issue: Stripping vegetation and grading the upper plateau for the massive reservoir will 
drastically increase peak stormwater runoff volumes and velocities. 

 Impact: As this unmitigated stormwater cascades down the escarpment face, it will rapidly incise 
the vulnerable, soft Blue Mountain and Georgian Bay Shales. This can trigger severe gully 
erosion, localized slope failures, and highly destructive mud or debris flows traveling down 
Warren Hill Creek toward residential lowlands. 

3. Acid Rock Drainage (ARD) and Leachate Contamination 

Deep excavations on the lower slopes can expose pristine layers of the Georgian Bay and Blue 
Mountain Formations. 

 The Issue: Unlike the iron-oxide-rich, alkaline Queenston shale, the underlying Blue Mountain 
and Georgian Bay shales frequently contain localized iron sulfides (such as pyrite) and organic 
carbon. 

 Impact: When these shales are excavated, stockpiled, and exposed to oxygenated stormwater, 
chemical weathering can trigger Acid Rock Drainage (ARD). The resulting stormwater runoff 
becomes highly acidic and can leach heavy metals, creating toxic plumes that bypass standard 
sediment basins and flow toward the Cedar Ave residential drainage networks. 

4. Drastic Reduction in Ground Infiltration and Altered Hydrology 

The overburden on the upper plateau plays a key role in moderating local hydrology by absorbing 
rainfall and feeding shallow groundwater systems. 

 The Issue: Heavy machinery compacts the clayey, shale-derived overburden, while the 
construction of a massive, lined reservoir permanently seals off large swaths of the plateau. 

 Impact: This severely limits natural infiltration, causing a drastic spike in the volume of 
stormwater runoff. Minor creeks like Warren Hill Creek, which typically experience controlled 
seasonal flows, will transform into flash-flood channels during storm events, threatening to 
overwhelm the existing stormwater infrastructure along Cedar Ave. 

5. Clogging of Local Stormwater Infrastructure 

 The Issue: The volume of sediment generated from shale weathering during a project of this 
scale is massive. 

 Impact: Coarser shale fragments and heavy silts will settle rapidly as the slope flattens out near 
the bottom of the escarpment. This sediment will quickly accumulate in the ditches, culverts, and 
catch basins around the Cedar Ave area. Without continuous, aggressive dredging, this sediment 
accumulation will cause localized overland flooding during standard rainfall events. 
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Mitigation Requirements 

To address these challenges, a conventional erosion and sediment control plan will not suffice. The 
project requires: 

 Advanced Flocculation: The use of chemical coagulants or polymers (such as Polyacrylamide) 
in stormwater ponds to force colloidal shale clays to clump together and settle out. 

 Aggressive Source Control: Immediate hydroseeding, erosion control blankets, and terracing on 
exposed shale slopes to prevent water from gaining velocity. 

 Lined Stockpiles: Isolating excavated Blue Mountain and Georgian Bay shales with 
impermeable liners and treating any collected leachate before discharge. 
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2. What stormwater management issues should be expected with Tunnel Boring Machine ‘muck’ 
derived from Queenston, Georgian Bay, Blue Mountain and Collingwood Formations with 
surface disposal on the high upper Niagara Escarpment slopes and within Warren Hill Creek 
Valley? How much surface storage area will be required, say for a volume of 2 million m3 of 
TBM muck? 

The surface disposal of 2 million m3 of Tunnel Boring Machine (TBM) muck derived from the 
Queenston, Georgian Bay, Blue Mountain, and Collingwood Formations introduces severe 
geomechanical, hydrochemical, and logistical challenges. Placing this material on the high upper 
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slopes of the Niagara Escarpment and within the Warren Hill Creek Valley creates an unstable, highly 
sensitive environment for stormwater management. 

Part 1: Stormwater Management Issues Expected 

1. Colloidal Clay Dispersion and Persistent Turbidity 

 The Mechanism: TBM excavation physically pulverizes the rock into a wide grain-size 
distribution, creating a high percentage of fine rock flour. The Queenston and Georgian Bay 
formations are dominated by illite and chlorite clay minerals. 

 Stormwater Impact: When rainwater interacts with the muck pile, these clay minerals easily 
disperse into colloidal suspension. Unlike standard sands or silts, colloidal clays do not settle out 
by gravity alone. Runoff entering Warren Hill Creek will exhibit severe, persistent turbidity that 
cannot be mitigated by standard sediment ponds, threatening aquatic habitats far downstream. 

2. High Alkalinity and Chemical Additive Leachate 

 The Mechanism: TBM operations heavily rely on soil conditioning agents, including surfactants, 
foaming agents, and polymers, to reduce friction and tool wear. Furthermore, traditional 
stabilization methods often add lime or cement to dry out liquid muck (MetaFLO, 2024). 

 Stormwater Impact: Runoff trickling through the muck pile will leach these chemical 
surfactants and alkaline conditioners. This results in highly alkaline stormwater runoff (pH > 9 to 
11) entering local watercourses, which alters stream chemistry and is toxic to local sport fisheries. 

3. Acid Rock Drainage (ARD) from Lower Formations 

 The Mechanism: While the upper Queenston shale is typically oxidized and carbonaceous, the 
deeper Blue Mountain and Collingwood Formations are dark, organic-rich, and frequently 
contain localized iron sulfides (pyrite). 

 Stormwater Impact: Once excavated by the TBM and piled on the surface, these shales are 
exposed to atmospheric oxygen and meteoric water for the first time. The oxidation of pyrite 
produces sulfuric acid, leading to Acid Rock Drainage (ARD). This acidic runoff can leach trace 
heavy metals (such as arsenic, selenium, and iron) out of the muck pile, directly bypassing 
conventional containment and entering the Warren Hill Creek watershed. 

4. Slake-Durability Failure and Muck Pile Instability 

 The Mechanism: Shales from these formations feature poor slake-durability; they exhibit intense 
swelling behavior driven by osmotic processes when exposed to water (Rahjoo et al., 2023). 

 Stormwater Impact: As stormwater infiltrates the uncompacted muck pile, the shale fragments 
will rapidly disintegrate into a soft, low-shear-strength mud. Located on the steep slopes of the 
upper Niagara Escarpment, a saturated, structurally compromised muck pile presents a severe risk 
for debris flows, massive slope failures, and catastrophic mudslides down into the Warren Hill 
Creek Valley. 
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Part 2: Surface Storage Area Estimation 

To calculate the required surface footprint for 2 million m3 of in-situ (in the ground) TBM muck, we 
must account for the mechanical expansion of the rock following excavation, known as the bulking 
factor (Underground Tunnelling Management, 2023). 

Step 1: Calculate Bulked Volume 

Shales and mudstones excavated via TBM expand significantly because the solid rock is broken into 
fragments with high void spaces. For TBM-excavated shale, a conservative bulking factor of 1.4 to 
1.5 is standard. 

𝐵𝑢𝑙𝑘𝑒𝑑 𝑉𝑜𝑙𝑢𝑚𝑒 = 2,000,000 𝑚ଷ × 1.45 = 2,900,000 𝑚ଷ 

Step 2: Establish Pile Height Constants 

Because the muck is placed on the high upper escarpment slopes and within a valley, pile height is 
constrained by slope stability and regulatory safety. 

 Average Safe Pile Height (H): 10 meters (assuming terraced engineering to prevent mass 
wasting). 

Step 3: Footprint Calculation (Assuming 20% Extra for Infrastructure) 

A simple flat-top prism volume calculation yields the base footprint, but a realistic storage facility 
requires an additional 20% to 30% area to accommodate perimeter stormwater management ponds, 
access roads, muck-drying pads, and diversion ditches. 

𝑁𝑒𝑡 𝑆𝑡𝑜𝑟𝑎𝑔𝑒 𝐴𝑟𝑒𝑎 =
2,900,000 𝑚ଷ

10 𝑚
= 290,000 𝑚ଶ 

𝑇𝑜𝑡𝑎𝑙 𝐹𝑜𝑜𝑡𝑝𝑟𝑖𝑛𝑡 (𝑤𝑖𝑡ℎ 20% 𝑖𝑛𝑓𝑟𝑎𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒 𝑚𝑎𝑟𝑔𝑖𝑛) = 290,000 𝑚ଶ × 1.20 = 348,000 𝑚ଶ 

Summary of Storage Requirements 

 Required Surface Area: Approximately 35 hectares (86 acres). 

 Spatial Configuration: If configured as a single square facility, it would measure roughly 
𝟓𝟗𝟎 𝒎 × 𝟓𝟗𝟎 𝒎. 

Given the steep topography of the Warren Hill Creek Valley, finding a contiguous 35-hectare footprint 
that meets slope stability requirements will be incredibly difficult, likely necessitating multiple 
smaller, terraced, and lined storage cells. 
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3. How long does fine sediment (clay particles) remain suspended in water? 

The time that fine sediment (clay particles) remains suspended in water depends heavily on whether 
the water is still (quiescent) or moving (turbulent), as well as the chemical composition of the 
water. 

In purely practical terms, because clay particles are so small, they can remain suspended anywhere 
from days to years in still water, and may never settle if the water is continuously moving. 

Here is a breakdown of the physics, mathematics, and environmental factors dictating clay suspension 
times. 

1. Theoretical Settling Time in Still Water (Stokes' Law) 

For very small particles in a perfectly still fluid, settling velocity is governed by Stokes' Law. The 
terminal settling velocity (v) is calculated using the formula: 

𝑣 =
2

9

൫𝜌௣ − 𝜌௙൯𝑔𝑟ଶ

𝜇
 

Where: 

 ρp = density of the particle (typically ≈ 2,650 kg/m3 for clay minerals like illite or kaolinite) 

 ρf = density of water (≈ 1,000 kg/m3) 

 g = acceleration due to gravity (9.81 m/s2) 

 r = radius of the particle 

 μ = dynamic viscosity of water (≈ 1.002 × 10ିଷ𝑃𝑎 ∙ 𝑠 𝑎𝑡 20∘𝐶) 
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Typical Settling Times by Particle Size 

Because velocity is proportional to the square of the radius (r2), a small decrease in particle size 
exponentially increases the suspension time. Assuming a water depth of 1 meter: 

Particle Type Diameter (μm) Settling Velocity (v) Time to Settle 1 Meter 

Fine Sand 100 μm ≈ 5.4 mm/s ~3 minutes 

Coarse Silt 20 μm ≈ 0.22 mm/s} ~1.3 hours 

Fine Silt 5 μm ≈ 0.014 mm/s ~20 hours 

Coarse Clay 1 μm ≈ 0.00054 mm/s ~21 days 

Fine Clay (Colloidal) 0.2 μm ≈ 0.000022 mm/s ~1.5 to 2 years 

2. Real-World Environmental Factors 

In natural water bodies (like Warren Hill Creek, stormwater ponds, or Georgian Bay), theoretical 
times are drastically altered by two primary forces: 

A. Water Turbulence and Brownian Motion 

In moving water, even a microscopic amount of vertical turbulence or wave action easily overcomes 
the minuscule downward settling velocity of clay. Furthermore, for particles under 1 μm, Brownian 
motion (the random thermal bumping of water molecules against the clay) keeps the particles 
permanently suspended in a state known as a colloidal suspension. Without chemical changes, these 
particles will never settle out. 

B. Water Chemistry (Flocculation) 

Clay particles naturally carry a negative electrical charge on their surfaces, causing them to repel 
one another and stay separated. 

 Freshwater: In pure freshwater, this repulsion keeps the particles isolated, maximizing 
suspension time. 

 Saltwater / Hard Water: When muddy freshwater hits a water body rich in dissolved minerals or 
salts (like the calcium/magnesium-rich waters of the Niagara Escarpment, or brackish/marine 
environments), the positive ions neutralize the negative charges on the clay. This causes the 
particles to stick together into larger clumps called flocs. 

 The Result: Flocculated clay effectively behaves like a larger silt or sand particle, dropping its 
suspension time from months down to a few hours or days. 
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4. How does fine sediment (clay) interfere with spawning fish and newly hatched fry? 

Fine sediment, particularly the highly abrasive and easily suspended clay particles derived from shale 
formations, poses a severe threat to both spawning adult salmonids (such as Rainbow Trout and 
Chinook Salmon) and their newly hatched fry. 

Because clay behaves as a colloidal suspension that travels long distances, its impacts span from the 
physical alteration of spawning habitats to direct physiological trauma. 

1. Impact on Spawning Adults and Eggs (The Incubation Phase) 

Sifting and Smothering of the Redd (Spawning Nest) 

Female salmonids clean the river gravel to create a "redd," where they deposit eggs. This clean gravel 
allows oxygen-rich water to flow freely past the eggs to keep them alive. 

 The Mechanism: When fine clay enters the water column, it infiltrates the gravel matrix. 
Because clay particles are so small, they fill the microscopic interstitial spaces between the gravel 
pieces. 

 The Impact: This process, known as interstitial clogging, cuts off the flow of oxygenated water 
to the buried eggs. Deprived of oxygen, the eggs suffocate. Furthermore, the buildup of clay traps 
metabolic waste (like ammonia) inside the nest, poisoning the developing embryos. 

Physical Entombment of Alevins 

If the eggs manage to survive and hatch into "alevins" (larvae with yolk sacs still attached), they 
remain buried within the gravel for several weeks, relying on the spaces between the rocks to move. 
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 The Mechanism: As clay sediment settles, it can form a dense, compacted crust or "cap" over the 
top of the gravel bed. 

 The Impact: This crust acts as a physical barrier. When the alevins attempt to emerge from the 
gravel into the open stream as fry, they find themselves trapped beneath the sediment layer. This 
leads to 100% mortality due to starvation or exhaustion, a phenomenon known as entombment. 

2. Physiological and Behavioral Impacts on Newly Hatched Fry 

Once fry emerge into the stream, they are highly vulnerable to even low concentrations of suspended 
clay (>25 mg/L). 

Mechanical Abrasion of Gills 

 The Mechanism: Clay particles are often highly angular and abrasive rock fragments. As fry 
pump water through their buccal cavities to breathe, these sharp particles pass over their delicate 
gill leaflets. 

 The Impact: The sediment physically abrades the gill membranes, causing cell epithelial 
thickening (hyperplasia) and excessive mucus production as the fish tries to protect itself. This 
severely reduces the fry's ability to absorb dissolved oxygen, leading to chronic respiratory stress, 
lower growth rates, and increased vulnerability to disease. 

Foraging Impairment and Starvation 

 The Mechanism: Newly hatched fry are visual drift-feeders; they rely on clear water to spot tiny 
swimming macroinvertebrates. 

 The Impact: High clay turbidity scatters light, drastically reducing underwater visibility. Fry 
cannot see their prey, which reduces their feeding efficiency. Combined with the fact that heavy 
clay sediment smothers and kills the very aquatic insects the fry rely on for food, young fish 
quickly suffer from localized starvation. 

Disruption of Social and Anti-Predator Behavior 

 The Mechanism: In clear water, salmonid fry establish strict territories and use visual cues to 
detect approaching predators (like larger fish or birds). 

 The Impact: Turbidity blankets the environment in a visual "fog." Fry lose their territorial 
boundaries, leading to increased aggression and wasted energy. Crucially, it blinds them to 
approaching predators, severely decreasing their survival rates during their most vulnerable life 
stage. 
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oxygen supply to fish eggs). 

 Kemp, P., Sear, D., Collins, A., Naden, P., & Jones, I. (2011). The impacts of fine sediment on 
riverine fish. Hydrological Processes, 25(11), 1800-1821. https://doi.org/10.1002/hyp.7940 (A 
comprehensive review of both physical impacts on habitats and physiological effects on fish gills). 

 Newcombe, C. P., & Jensen, J. O. (1996). Channel suspended sediment and fisheries: a 
synthesis for quantitative assessment of risk and impact. North American Journal of Fisheries 
Management, 16(4), 693-727. https://doi.org/10.1577/1548-
8675(1996)016<0693:CSSAFA>2.3.CO;2 (Establishes the standard biological "severity-of-
illness" index for fish exposed to different durations and concentrations of clay/silt turbidity). 

 Robertson, M. J., Scruton, D. A., Gregory, R. S., & Clarke, K. D. (2006). Effect of suspended 
sediment on freshwater fishes and fish habitat. Canadian Technical Report of Fisheries and 
Aquatic Sciences, 2644. Fisheries and Oceans Canada. (Canadian regulatory science perspective 
detailing the visual and behavioral impairment of salmonid fry in turbid waters). 

 

5. Should toxic Methylmercury be anticipated in Pumped Storage Site Stormwater and tunnel 
dewatering runoff? 

Yes, the production and mobilization of toxic Methylmercury (CH3Hg+) should absolutely be 
anticipated, but its presence will vary dramatically depending on the specific phase of construction 
and operation. 

While tunnel dewatering runoff is unlikely to contain methylmercury, the stormwater runoff from 
surface construction, reservoir clearing, and initial reservoir filling represents a high-risk scenario 
for mercury methylation. 

Here is the scientific and geochemical breakdown of how, where, and why methylmercury poses a 
threat to the local watershed. 

1. Why Methylmercury is a Risk in Reservoir Projects 

Inorganic mercury (Hg2+) is naturally present in small quantities within Escarpment soils and 
atmospheric deposition. The danger arises when this harmless inorganic mercury is transformed into 
methylmercury, a highly toxic, bioaccumulative neurotoxin. 

This transformation requires mercury-methylating bacteria (primarily sulfate-reducing and iron-
reducing bacteria), which thrive only under specific conditions: 

 Anoxic (oxygen-depleted) environments. 

 An abundance of labile (easily decomposable) organic carbon. 

 Present dissolved sulfate or iron. 
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2. Risk Assessment by Runoff Category 

A. Tunnel Dewatering Runoff (Low Risk for Methylmercury) 

 The Environment: Tunnel boring machine (TBM) operations penetrate deep into the bedrock 
(Queenston, Georgian Bay, Blue Mountain, and Collingwood Formations). 

 The Geochemistry: While deep bedrock excavations can expose trace amounts of heavy metals 
and sulfides, these pristine rock formations lack the organic carbon (dead plant matter, topsoil) 
required by methylating bacteria. Furthermore, deep groundwater and TBM process water are 
highly dynamic and mechanically aerated during pumping. 

 The Verdict: You should expect elevated pH, high turbidity, and potentially elevated sulfate or 
dissolved solids in tunnel dewatering runoff—but not methylmercury. 

B. Surface Construction and Muck Storage Stormwater (Moderate Risk) 

 The Environment: Clearing the high upper Niagara Escarpment plateau involves stripping 
hectares of forests, wetlands, and topsoil to prepare the footprint for the 2 million m3 reservoir 
and muck disposal areas. 

 The Mechanism: When stripped topsoil, organic debris, and pulverized shale muck are 
stockpiled together, rainwater saturates the interior of these piles. If stormwater management 
ponds are poorly designed or deep, the bottom waters can become anoxic as buried organic matter 
decays. 

 The Verdict: If stormwater retention basins become stagnant and anoxic, they will turn into 
localized "reactors" for mercury methylation, causing dissolved methylmercury to bleed into the 
Warren Hill Creek Valley during subsequent overflow events. 

C. Reservoir Filling and Cyclical Operations (Highest Risk) 

 The Mechanism: The greatest threat of methylmercury generation occurs when the reservoir is 
initially filled. Flooding the soil and remaining vegetation on the upper plateau creates an 
immediate surge of dissolved organic carbon. As this organic matter decays, it rapidly consumes 
all dissolved oxygen at the soil-water interface, creating a massive, ideal habitat for sulfate-
reducing bacteria. 

 The "Reservoir Effect": This well-documented phenomenon causes a massive spike in 
methylmercury levels that peaks 1 to 5 years post-flooding and can persist for up to 20 to 30 
years. 

 Pumped Storage Dynamics: Unlike conventional reservoirs that hold water statically, a pumped 
storage facility rapidly fluctuates daily. This cyclical draw-down exposes reservoir margins to 
oxygen, and refilling creates alternating wetting and drying cycles. This cycling can accelerate the 
breakdown of organic matter and continue to fuel methylmercury production, which is then 
pumped directly down the escarpment and discharged into Nottawasaga Bay / Georgian Bay, 
threatening local sport fisheries. 

Mitigation Requirements for Stormwater Plans 

To prevent methylmercury contamination during construction and early operations, the developer's 
environmental management plan must include: 
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1. Aggressive Organic Stripping: Complete removal of all organic topsoil and vegetation from the 
reservoir footprint and muck disposal zones prior to flooding or stockpiling to remove the "fuel" 
for methylating bacteria. 

2. Aeration of Stormwater Basins: Mechanically aerating retention ponds to ensure they remain 
oxic, which naturally inhibits the anaerobic bacteria that produce methylmercury. 

3. Rigorous Monitoring: Setting up continuous, low-level mercury and methylmercury monitoring 
protocols at the outfalls of Warren Hill Creek and the Cedar Ave storm network. 
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 Bodaly, R. A., Hecky, R. E., Fudge, R. J. P., & Joiner, C. W. (1984). Increases in fish mercury 
levels in lakes flooded by the Churchill River diversion, northern Manitoba. Canadian Journal of 
Fisheries and Aquatic Sciences, 41(4), 682-691. https://doi.org/10.1139/f84-082 (The 
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triggers mercury methylation). 

 Hall, B. D., Rosenberg, D. M., & Wiens, A. P. (1998). Methylmercury in aquatic insects from an 
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immediate uptake by organisms at the base of the food chain following terrestrial flooding). 

 Hydro-Québec. (2014). Summary of Knowledge on Mercury in Hydroelectric Reservoirs. 
Sustainable Development and Environmental Assessment Report. (A comprehensive industrial 
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 Impact Assessment Agency of Canada (IAAC). (2026). Ontario Pumped Storage Hydropower 
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bioaccumulative toxins like methylmercury in Georgian Bay). 
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mercury concentrations in hydroelectric reservoirs and lakes: A review. Science of The Total 
Environment, 368(1), 224-235. https://doi.org/10.1016/j.scitotenv.2005.09.062 (Evaluates 
engineering mitigation strategies, including intensive biomass stripping, to prevent 
methylmercury spikes). 
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Sunderland, E. M. (2019). Environmental conditions and change drive methylmercury 
bioaccumulation in water bodies. Proceedings of the National Academy of Sciences, 116(42), 
20923-20929. https://doi.org/10.1073/pnas.1906419116 (Provides the geochemical modeling for 
how wetting/drying cycles and oxygen depletion trigger spikes in organic mercury). 
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1. What is the value of the Nottawasaga Bay Sport Fishery to Meaford and Thornbury?

While there is no single, consolidated academic paper or specific economic report titled exactly "The 
Value of the Nottawasaga Bay Sport Fishery to Meaford and Thornbury," the economic, social, and 
ecological value of this fishery is highly documented through regional tourism data, conservation 
efforts, and provincial fisheries management strategies. 

Nottawasaga Bay (a major sub-basin of southern Georgian Bay) serves as a premier destination for 
sport fishing, directly driving the local economies of both Meaford and Thornbury. 

1. Economic Value & Tourism Impact

The sport fishery acts as a massive economic engine for the municipalities of Meaford and The Blue 
Mountains (where Thornbury is located). 

 Seasonal Tourism Boost: Fishing draws thousands of anglers annually outside of the peak summer
beach season and winter ski season. The spring and autumn spawning runs of rainbow trout
(steelhead) and Chinook salmon fill local motels, bed & breakfasts, restaurants, and bait shops
during traditional tourism "shoulder seasons."

 Charter Fishing Industry: Both the Meaford Harbour and the Thornbury Harbour host active
charter boat operations. These businesses bring high-spending visitors who pay for guiding
services, accommodation, boat fuel, and docking fees.

 Infrastructure Investment: The economic value of the fishery justifies ongoing municipal
investments. For example, Meaford and Thornbury continuously maintain their harbours, boat
launches, and shoreline parks to accommodate recreational anglers.

2. Ecological & Recreational Value

The waters stretching between Meaford and Thornbury offer a unique multi-species fishery that attracts 
different demographics of anglers: 

Appendix H.4.C.5
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 The Shore and River Fishery: Thornbury is famous for the Beaver River, which cuts right through 
the town. The Thornbury Fishway (fish ladder) is a major tourist attraction in its own right, allowing 
the public to watch massive Chinook salmon and rainbow trout migrate. This accessible river 
fishing provides immense recreational and mental health value to locals and tourists alike. 

 The Open Water Fishery: Meaford’s deeper waters are renowned for lake trout, chinook salmon, 
and coho salmon trolling. 

Reference List 

Because specific hyper-local dollar amounts are typically embedded within broader municipal or 
provincial data, the following regional and provincial frameworks are used to quantify and manage the 
value of this specific fishery: 

 Ontario Ministry of Natural Resources and Forestry (MNRF). Broad-scale Monitoring 
Program / Lake Huron Fisheries Management Plan. 

Why it matters: The province tracks angler effort (hours spent fishing) and economic output for 
Georgian Bay. Provincial data consistently shows that recreational fishing in Ontario contributes 
billions annually, with southern Georgian Bay/Nottawasaga Bay being one of the heaviest-fished zones 
in Lake Huron due to its proximity to the Greater Toronto Area (GTA). 

 The Municipality of Meaford & The Town of The Blue Mountains. Economic Development 
Strategies and Harbour Master Plans. 

Why it matters: Individual municipal reports track harbour revenues, transient docking slips, and boat 
launch pass sales, which spike aggressively during the spring trout and fall salmon runs. 

 Grey Sauble Conservation Authority (GSCA). Beaver River and Bighead River Watershed 
Report Cards. 

Why it matters: GSCA manages the environmental health of the rivers feeding into Nottawasaga Bay 
at Meaford (Bighead River) and Thornbury (Beaver River). Their assessments highlight how protecting 
wild fish recruitment sustains the multi-million dollar regional sport fishery. 

 Fisheries and Oceans Canada (DFO). Survey of Recreational Fishing in Canada. 

Why it matters: This national survey, updated every five years, provides the baseline metrics showing 
that direct recreational fishing expenditures (food, lodging, transport, gear) average thousands of dollars 
per angler annually, directly benefiting shoreline communities like Meaford and Thornbury. 

 

2. How will Pumped Storage with 500 m3/s daily cyclical flow impact the Wild Salmon and Rainbow 
Trout Steelhead fishery of the Bighead and Beaver Rivers, and Warren Hill Creek? 

The impact of a proposed pumped storage facility with a 500 m3/s (cubic meters per second) daily 
cyclical flow on the wild salmon and rainbow trout (steelhead) fisheries of southern Georgian Bay is a 
major point of environmental evaluation. 

Because wild salmonids (Chinook, Coho, and migratory Rainbow Trout/Steelhead) rely heavily on the 
nearshore waters of Nottawasaga Bay as a migratory corridor, feeding ground, and staging area before 
entering the Bighead River (Meaford), the Beaver River (Thornbury), and local coldwater streams 
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like Warren Hill Creek, a massive daily intake and discharge cycle introduces several distinct 
hydroacoustic, thermal, and biological risks. 

1. Key Environmental and Biological Impacts 

A. Fish Entrainment and Impingement Mortality 

During the pumping cycle, the facility acts as a massive vacuum, drawing 500 m3/s of water out of 
Georgian Bay into an upper reservoir. 

 The Risk: Pelagic (open-water) life stages, including drifting salmonid fry, smolts, and adult 
salmon/steelhead staging nearshore before their spawning runs, can be drawn into the intake 
structures (entrainment) or trapped against protective screens (impingement). 

 Turbine Mortality: If fish bypass exclusion screening and pass through the pump-turbines into the 
upper reservoir, they face extreme shear stress, rapid pressure drops (barotrauma), and mechanical 
strike. During the generation cycle, any fish that survived in the upper reservoir are forced back 
down through the turbines. 

B. Disruption of Migratory Staging and Olfactory Cues 

Anadromous salmonids rely on precise environmental cues to locate their natal (birth) rivers. Adult 
steelhead and salmon congregate in the nearshore waters of Meaford and Thornbury for weeks, sensing 
the unique chemical and olfactory "signatures" of the Bighead and Beaver Rivers before running 
upstream. 

 Velocity Plumes: A discharge of 500 m3/s creates powerful artificial currents and localized 
turbulence. This can mask the natural river plumes of the Bighead River, Beaver River, and Warren 
Hill Creek, confusing migrating adults and delaying their entry into spawning streams. 

 Thermal Alteration: Sucking water into a shallow upper reservoir alters its temperature before it 
is discharged back into the bay. If the returned water is significantly warmer or colder than the 
ambient temperature of southern Georgian Bay, it can create a thermal barrier that blocks or deters 
salmonids from entering nearby stream mouths. 

C. Nearshore Turbidity, Sediment Transport, and Spawning Habitat 

The rapid, daily reversal of high-volume water currents along the shoreline can destabilize local 
substrate. 

 Sedimentation: Increased turbidity (cloudiness) and suspended solids can clog the gills of 
salmonids and reduce their visual hunting efficiency. 

 Siltation of Spawning Gravels: While salmon and steelhead primarily spawn inside the gravel 
beds of the Bighead and Beaver rivers, any localized spawning or foraging in the immediate 
nearshore zones can be severely degraded if fine sediments are stirred up daily and deposited over 
clean gravel beds, suffocating fish eggs and macroinvertebrates (their primary food source). 

D. Immediate Risks to Warren Hill Creek 

Warren Hill Creek is a highly sensitive, steep-gradient coldwater tributary located in close proximity to 
the proposed Meaford tank/reservoir footprint. 

 Hydrogeological Disruptions: Tunnelling and the immense weight of an artificial upper reservoir 
create risks of localized reservoir-induced seismicity or structural shifts in the Niagara 
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Escarpment's stratigraphy (e.g., Queenston and Georgian Bay formations). This can disrupt the 
shallow groundwater aquifers that feed the cold, upwelling springs of Warren Hill Creek, 
potentially warming the creek and ruining its capability to support sensitive brook trout or steelhead 
fry. 

Reference List & Technical Frameworks 

Because the specific impacts depend heavily on exact mitigation designs (such as specialized wedge-
wire screens and velocity caps), the following references and regulatory frameworks are used to assess 
these specific impacts: 

 Fisheries and Oceans Canada (DFO). Framework for Assessing the Ecological Flow 
Requirements to Support Fisheries in Canada and Fish Protection Policy Statement. 

Application: DFO regulates any project causing the "death of fish by means other than fishing" or the 
"harmful alteration, disruption, or destruction (HADD) of fish habitat" under Section 35 of the Fisheries 
Act. This framework governs the mandatory intake velocity thresholds (typically keeping intake 
velocities below 0.15 m/s to allow fish to swim away). 

 Ontario Ministry of Natural Resources and Forestry (MNRF). Lake Huron Coldwater 
Salmonid Management Plan. 

Application: Details the provincial mandate to protect and sustain the self-reproducing wild populations 
of rainbow trout and Chinook salmon in the Bighead and Beaver Rivers, establishing the baseline 
biological criteria against which project impacts must be measured. 

 Electric Power Research Institute (EPRI). Fish Protection at Peak and Pumped-Storage 
Hydroelectric Stations. 

Application: A definitive industry standard documenting historical turbine mortality rates, barotrauma 
studies, and the efficacy of behavioral deterrents (such as acoustic fish deterrence systems or strobe 
lights) specifically designed for pumped storage facilities. 

 Impact Assessment Agency of Canada (IAAC). Registry Documents for the Proposed Ontario 
Pumped Storage Project (TC Energy). 

Application: This contains the active Environmental Impact Statement (EIS) guidelines, public 
submissions from local conservation groups, and technical reviews regarding the specific 500 m3/s 
configurations, shoreline sediment models, and hydrogeological assessments of the Meaford DND 
lands. 

 Grey Sauble Conservation Authority (GSCA). Watershed Technical Studies and Fish Habitat 
Mapping for the Bighead River and Cape Rich Tributaries. 

Application: Provides the hyper-local baseline data on water quality, thermal regimes, and fish species 
distribution for Warren Hill Creek and the Bighead River estuary, crucial for evaluating localized 
groundwater-surface water interactions. 
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1. For Georgian Bay, where do Lake Sturgeon, Whitefish, Lake Trout and Wild Salmon spawn
and where is the critical habitat? 

Georgian Bay features an incredibly diverse complex of aquatic habitats. Because of its unique 
geography—ranging from deep, cold-water glacial basins to a labyrinth of shallow, rocky eastern 
channels—different fish species utilize wildly varying areas for reproduction. 

Each of these four species relies on specific spawning zones and critical habitats within the Georgian 
Bay ecosystem. 

1. Lake Sturgeon (Acipenser fulvescens)

Lake Sturgeon are migratory, river-spawning fish that rely on fast-flowing water over rocky 
substrates. 

 Spawning Locations: Spawning occurs primarily in the major tributaries flowing into eastern
and northern Georgian Bay. Key historic and active spawning rivers include the Nottawasaga
River, Severn River, Moon River, Musquash River, Magnetawan River, and the French
River system.

 Critical Habitat: Fast-flowing rapids, chutes, and pools directly below waterfalls or dams where
water velocity keeps the rocky cobble free of sediment. Estuaries and nearby shallow bays serve
as vital nursery habitats for emerging juveniles.

2. Lake Whitefish (Coregonus clupeaformis)

Unlike Sturgeon, Lake Whitefish are lake spawners that use shallow, nearshore environments in late 
autumn. 

Appendix H.4.C.6
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 Spawning Locations: Broadly distributed along the complex, rocky shorelines of eastern 
Georgian Bay, the Bruce Peninsula (especially around Tobermory), and around major island 
clusters like the Parry Sound area and Christian Island. 

 Critical Habitat: Shallow, nearshore reefs and shoals consisting of honeycombed limestone, 
gravel, or cobble at depths of less than 10 meters. Clean water and high wave action are critical to 
keep oxygen flowing over the eggs throughout the winter until they hatch in early spring. 

3. Lake Trout (Salvelinus namaycush) 

Georgian Bay holds some of the last remaining native, wild-spawning Lake Trout stocks in Lake 
Huron, specifically the Parry Sound and Iroquois Island strains. 

 Spawning Locations: Chiefly located around offshore shoals and deep rocky structures. The 
Parry Sound deep basin, Southampton/Bruce Peninsula reefs, and isolated mid-bay shoals 
(such as the Western Islands and Couchain Shoal) are critical epicenters. 

 Critical Habitat: Underwater rocky reefs and steep drop-offs characterized by deep gravel and 
clean cobble. The presence of deep interstitial spaces (gaps between rocks) is essential to shelter 
the dropped eggs from being eaten by predators or swept away by intense winter currents. 

4. Wild Salmon (Chinook & Coho — Oncorhynchus spp.) 

Introduced to the Great Lakes, naturalized "wild" populations of Chinook and Coho salmon 
reproduce successfully in specific cold-water environments. 

 Spawning Locations: They are obligate stream-spawners that ascend major cold-water 
tributaries along the southern and southwestern shores of Georgian Bay. Prime spawning occurs 
in the Nottawasaga River system (and its cold-water tributaries like the Boyne and Mad Rivers), 
the Beaver River, the Bighead River (Meaford), and the Sydenham River (Owen Sound). 

 Critical Habitat: Cold, highly-oxygenated river riffles containing clean, loose gravel where 
females can dig "redds" (nesting depressions). Forested riparian zones that shade the rivers and 
maintain low water temperatures are essential for egg survival. 

Scientific References & Further Reading 

Federal & Provincial Recovery Frameworks: 

 Fisheries and Oceans Canada (DFO). (2020). Recovery Strategy for the Lake Sturgeon 
(Acipenser fulvescens): Great Lakes-Upper St. Lawrence Populations in Canada. Species at Risk 
Act Recovery Strategy Series. Fisheries and Oceans Canada, Ottawa. 

 Ontario Ministry of Natural Resources and Forestry (OMNRF). (2018). The State of the 
Georgian Bay Fish Community. Lake Huron Technical Report Series. 

Lake Trout & Whitefish Dynamics: 

 Ebener, M. P., et al. (2010). Management of Lake Whitefish and Lake Trout in the Great Lakes. 
In Spawning Habitat of Great Lakes Fishes. 

 Reid, D. M., et al. (2001). The restoration of Lake Trout in Parry Sound, Georgian Bay. Journal 
of Great Lakes Research, 27(2), 196-215. 
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Tributary & Habitat Mapping: 

 Blausey, C. M. (2021). Assessment of Lake Sturgeon spawning habitat and population 
characteristics in Georgian Bay tributaries. Laurentian University Thesis repository. 

 Bowlby, J. N., & Ryan, P. A. (2015). Natural reproduction of Chinook Salmon in tributaries to 
Georgian Bay, Lake Huron. North American Journal of Fisheries Management, 35(4), 712-723. 

 

2. Will fish be attracted to Open Loop Pumped Storage Water cyclical daily Intake / Discharge  of 
500 m3/s (No thermal warming) in Georgian Bay? 

Yes, fish will be attracted to the cyclical daily intake and discharge flow of an open-loop pumped 
storage facility in Georgian Bay, even without a thermal gradient. 

The mechanism driving this attraction is positive rheotaxis—the natural behavioral tendency of 
many fish species to orient themselves into, and swim against, a perceptible water current (Tang et al., 
2022). A massive daily directional flow change of 500 m3/s will create strong localized hydraulic cues 
that fish can sense over long distances. 

However, the specific ways Lake Sturgeon, Lake Whitefish, Lake Trout, and Wild Salmon 
interact with these cycles depend heavily on whether the system is in its generation (discharge) phase 
or pumping (intake) phase, as well as the design configuration of the intake structure. 

1. Attraction During the Discharge (Generation) Phase 

During the generation phase, the facility acts as an artificial river mouth or high-velocity jet shooting 
into Georgian Bay. This phase presents the highest risk for behavioral attraction, particularly for 
migratory or stream-spawning species: 

 Wild Salmon & Lake Sturgeon: Both species are obligate river/stream spawners. They navigate 
toward spawning grounds by seeking out strong directional currents (attraction flows). High-
velocity discharges (such as rapids or tailraces) routinely cause fish to congregate because they 
mistake the discharge for a natural spawning tributary (Cada & Bevelhimer, 2011; Tang et al., 
2022). Salmon and sturgeon may stage or gather directly in the plume, expending significant 
energy trying to swim "upstream" into the discharge. 

 Lake Trout & Whitefish: While these are lake spawners, they selectively seek out clean, scoured 
rocky substrate swept free of fine sediment by high wave action or currents. The continuous, 
high-volume scouring effect of a 500 m3/s discharge can create an artificially clean rocky zone 
that may inadvertently attract these species looking for optimized spawning beds. 

2. Risk During the Intake (Pumping) Phase 

When the daily cycle reverses to pumping, the local hydraulic cues switch from an outward jet to an 
inward draw. The attraction established during the discharge phase directly increases the risk of 
entrainment (fish being drawn up into the reservoir) and impingement (fish being trapped against 
intake screens) (Coutant & Whitney, 2000): 

 Sustained Swimming Speed vs. Intake Velocity: Whether a fish is safely pulled away or 
trapped depends on its critical swimming speed (Ucrit) relative to the intake's approach velocity 
(Mathur et al., 2017). 
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o Adult Salmon, Adult Lake Trout, and Mature Sturgeon are powerful swimmers. If the 
intake structure is properly engineered to distribute the 500 m3/s over a large surface area 
(keeping approach velocities very low, usually < 0.15 m/s), healthy adults can easily 
sense the flow change via their lateral lines and swim away (Coutant & Whitney, 2000). 

o Juvenile Fish, Salmon Fry, and Small Pelagic Whitefish have much lower swimming 
endurance. If they are attracted to the structure's physical components or nearby velocity 
fields, they can easily be overwhelmed and entrained during the pumping cycle (Mathur 
et al., 2017). 

3. Mitigation and Engineering Factors 

Because open-loop pumped storage facilities inherently attract fish via velocity changes, physical 
design dictates the severity of the ecological impact: 

 Velocity Caps and Baffles: To prevent fish from swimming directly down into vertical intakes, 
facilities utilize horizontal velocity caps. This converts vertical suction into a horizontal intake 
flow, which fish can detect and escape much more effectively. 

 Sub-Surface Siting: Siting the intake/discharge structure deep below the photic zone can reduce 
interactions with surface-oriented migratory species like juvenile salmonids, though it may 
increase the proximity to deep-water benthic spawners like Lake Trout (Mathur et al., 2017). 
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3. For the Great Lakes, what Pumped Storage intake / discharge design with cyclical daily flow of 
500 m3/s (no thermal warming) will minimize fishkill while maintaining Ontario Drinking 
Water Quality Standards? 

Designing a lower inlet/outlet structure for an open-loop pumped storage facility handling a massive 
500 m3/s cyclical daily flow in Georgian Bay introduces two directly competing engineering 
problems: 

1. The Biological Problem (Fishkill): Minimizing the entrainment and impingement of strong 
swimmers (adult salmonids/sturgeon) and passive drift organisms (eggs and larval whitefish). 

2. The Water Quality Problem (Turbidity): High-velocity jetting during discharge can resuspend 
fine glaciolacustrine clays from the lakebed. This creates turbidity plumes that can violate the 
Ontario Drinking Water Quality Standards (ODWQS)—specifically the strict ≤ 1.0 NTU 
limit for water entering municipal water treatment plants (e.g., Meaford or Thornbury). 

To solve both, a highly specific offshore, deep-water, multi-cell velocity cap system with low-
profile wedge-wire screens represents the industry standard Best Technology Available (BTA). 

The Optimal Design Configuration 

To safely manage 500 m3/s without devastating the local fish community or muddying drinking water, 
the intake cannot be an open tunnel mouth or an onshore channel. It must feature the following three 
components: 

                  [ HEAVY VELOCITY CAP RECON ] 
                  --------------------------------------   ← Restricts vertical suction 
                       |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||     ← Wedge-Wire Screens (Slot width ≤ 2mm) 
   →             -------------------------------------- 
  Horizontal      |                                         | 
  Approach        |   Submerged Offshore Gallery   |   ← Raised 5-10m above lakebed  
  Flow Only      |      (Tuned to < 0.15 m/s)             |      to prevent sediment scour 
                         ======================== 
                                 || 
                         [ To Pressure Tunnel ] 

1. Offshore Submerged Siting (Bathymetric Placement) 

 Depth Siting: The structure must be anchored in the deep hypolimnion (typically at depths 
greater than 20–30 meters), well clear of the shallow nearshore zones (less than 10 meters) where 
Lake Whitefish and Lake Trout actively spawn. 

 Elevation Above Lakebed: The bottom of the intake structure must be elevated 5 to 10 meters 
above the native lakebed on a engineered rock foundation. This ensures that the high-volume 500 
m3/s discharge jet does not whip up bottom silts and clays, preventing localized turbidity spikes 
that would compromise municipal drinking water. 

2. Large-Scale Multi-Cell Velocity Caps 

 Eliminating Vertical Suction: Fish naturally adapt to and resist horizontal currents, but they 
cannot effectively sense or escape vertical downward suction. A velocity cap is a solid, flat 
concrete or steel roof placed over the vertical intake shaft. 



 
 

 
 June 3, 2026 6 
 

 Converting the Vector: This forces the 500 m3/s flow to enter and exit purely horizontally. 

 Velocity Target: By expanding the perimeter of the velocity cap array across multiple submerged 
cells, the intake approach velocity is strictly restricted to less than 0.15 m/s (0.5 ft/s). Adult 
Lake Trout, Sturgeon, and Salmon can easily outswim this velocity indefinitely. 

3. Fine-Slot Cylindrical Wedge-Wire Screens 

 Physical Exclusion: To protect smaller organisms, the horizontal intake slots are fitted with V-
shaped wedge-wire screens featuring a slot size of 2.0 mm or less. This slot width physically 
blocks juvenile fish and larger larval life stages from being sucked up into the reservoir. 

 Low-Velocity Distribution: The wedge-wire matrix distributes the massive 500 m3/s draw over a 
massive surface area, creating a self-cleaning boundary layer. It converts what would be a violent 
whirlpool into a gentle, highly diffused horizontal draw. 

Balancing Fish Survival and Drinking Water Compliance 

Engineering 
Challenge 

Impact of Sub-Optimal Design 
Resolution via Advanced Velocity 
Cap/Wedge-Wire 

Impingement & 
Entrainment 

Fish drawn into turbines or 
pinned to high-velocity intake 
trash racks. 

Intake velocity < 0.15 m/s allows 
adult fish to escape; ≤ 2 mm slots 
exclude juveniles. 

Turbidity 
Resuspension 

Cyclical scouring kicks up 
clay/silt, pushing raw water 
turbidity past the 1.0 NTU 
ODWQS limit. 

Elevated offshore gallery discharges 
parallel to or above the lakebed, 
preventing bottom sediment scour. 

Frazil Ice 
Formation 

Intake screens freeze over during 
winter, choking flow or causing 
structural failure. 

Deep-water placement below the ice 
line combined with low intake 
velocities prevents frazil ice adhesion. 

Technical & Regulatory References 

Fish Protection & Intake Hydraulics 

 Fisheries and Oceans Canada (DFO). (2020). Interim Code of Practice: End-of-pipe fish 
protection screens for small water intakes in freshwater. Department of Fisheries and Oceans. 

 U.S. Environmental Protection Agency (EPA). (2014). National Pollutant Discharge 
Elimination System—Final Regulations to Establish Requirements for Cooling Water Intake 
Structures at Existing Facilities (Section 316(b)). Federal Register, 79(158). (Establishes the 
global 0.15 m/s velocity standard for fish survival). 
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 EPRI (Electric Power Research Institute). (2012). Fish Protection at Peak-Load and Pumped-
Storage Hydroelectric Facilities: Assessment of Technical Options and Engineering Feasibility. 
EPRI Technical Report. 

Turbidity & Ontario Water Quality Controls 

 Ontario Ministry of the Environment, Conservation and Parks (MECP). (2006). Technical 
Support Document for Ontario Drinking Water Standards, Objectives and Guidelines. PIBS 
4449e01. (Outlines the strict statutory filtration and turbidity requirements for municipal drinking 
water systems). 

 Billeter, S., et al. (2018). Effects of Lake–Reservoir Pumped-Storage Operations on Temperature 
and Water Quality. Sustainability, 10(6), 1968. https://doi.org/10.3390/su10061968 (Analyzes 
how deep-water inlet/outlet designs isolate sediment resuspension). 

 Federal Energy Regulatory Commission (FERC). (2019). Environmental Impact Statement for 
the Ludington Pumped Storage Project (FERC Project No. 2455). (Historical and engineering 
case study regarding the optimization of Great Lakes pumped storage intake design to protect 
regional pelagic fish populations). 

 

4. For Georgian Bay, what is the current state of Quagga/Zebra Mussels? 

The current state of Dreissena species—Quagga Mussels (Dreissena rostriformis bugensis) and Zebra 
Mussels (Dreissena polymorpha)—in Georgian Bay reflects a highly altered benthic ecosystem 
defined by a complete shift in species dominance and a massive spatial redistribution of biomass. 

While the broader main basin of Lake Huron has experienced severe, uniform over-colonization, 
Georgian Bay displays distinct spatial characteristics due to its unique bathymetry and water 
chemistry. 

1. The Quagga Takeover & Displacement of Zebra Mussels 

The historical timeline of the invasion follows a classic "replacement" trajectory seen across the Great 
Lakes. Zebra mussels first established a foothold in Lake Huron in 1989, followed by quagga mussels 
in 1996 (Riseng, 2017). 

Today, Quagga Mussels have almost completely displaced Zebra Mussels in the open waters and 
deep basins of Georgian Bay (LAMP, 2023). Quagga mussels possess distinct physiological 
advantages that allowed for this takeover: 

 They have higher energetic efficiency and can feed and reproduce in much colder temperatures 
(Kirkendall et al., 2021).  

 Unlike Zebra Mussels, which require hard surfaces (rock, reefs, or infrastructure) to attach their 
byssal threads, Quagga Mussels can successfully colonize soft, muddy sand and silt sediments 
(Kirkendall et al., 2021). This opened up vast expanses of the deep lakebed for colonization.  

  



 
 

 
 June 3, 2026 8 
 

2. Current Biomass Trends and Spatial Distribution 

Large-scale biomonitoring through the binational Cooperative Science and Monitoring Initiative 
(CSMI) reveals that while dreissenid mussels dominate benthic biomass, their densities vary 
significantly by region: 

Geographic 
Region 

Relative Dreissenid 
Density 

Key Benthic Dynamics 

Lake Huron 
Main Basin 

Highest (~1,497.7 
mussels/m2) 

Massive profundal expansion; bulk of 
population sits deeper than 50 meters. 

Georgian Bay 
Intermediate 
(~178.1 mussels/m2) 

Stabilized nearshore densities; mid-
depth declines balanced by deep-water 
expansion. 

North Channel 
Lowest (~7.4 
mussels/m2) 

Severely limited population; Zebra 
Mussels occasionally persist in isolated 
pockets. 

Within Georgian Bay specifically, recent monitoring cycles show a distinct deep-water migration. 
While mussel densities in the shallow, mid-depth zones (31 to 90 meters) experienced a two-fold 
decrease between 2007 and 2012 and have since leveled off, the population has expanded deeper into 
the muddy profundal zones of the bay (LAMP, 2023). 

3. The Water Chemistry Bottleneck (The Calcium Limit) 

One of the primary reasons Georgian Bay’s overall mussel density (~ 178 mussels/m2) remains nearly 
an order of magnitude lower than the main basin of Lake Huron (~ 1,500 mussels/m2) boils down to 
geology and calcium availability. 

Quagga mussels have strict physicochemical requirements for shell development. While Zebra 
Mussels can survive in waters with calcium levels as low as 8 mg Ca/L, Quagga Mussels generally 
require a minimum threshold of 12 mg Ca/L to successfully grow and maintain their shells (Jones, 
2005). 

The northern and eastern shores of Georgian Bay sit directly on the granite bedrock of the Canadian 
Shield, which contributes low-calcium, poorly buffered runoff to the nearshore waters. Consequently, 
while larval "veliger" densities are uniformly high across all basins of Lake Huron during summer 
spawning peaks (peaking in June and July), the settling success of these larvae into adult benthic 
populations is severely constrained in the lower-calcium regions of Georgian Bay (Kirkendall et al., 
2021). 
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4. Ecosystem Impacts: The "Nearshore Shunt" 

Despite lower densities relative to the main basin, the existing Quagga Mussel population exerts 
massive ecological control over Georgian Bay via intensive filtration: 

 Pelagic-to-Benthic Nutrient Shift: Billions of mussels filtering the water column intercept 
nutrients (particularly phosphorus) and phytoplankton before they can reach offshore waters 
(Kirkendall et al., 2021). This traps productivity in the nearshore benthos, starving the open-water 
pelagic food web.  

 Collapse of Native Invertebrates: The expansion of Quagga Mussels directly correlates with the 
near-total collapse of native deep-water amphipods, specifically Diporeia spp., which were 
historically the primary, energy-rich food source for native fish like Lake Whitefish and Lake 
Trout (Nalepa et al., 2007; Riseng, 2017). This resource limitation has altered the growth, body 
condition, and migration patterns of commercial and sport fish throughout the bay. 
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5. For Georgian Bay Pumped Storage water intakes and discharges cyclical average flow of 500 
m3/s, how will Quagga/Zebra Mussels be controlled while maintaining Ontario Drinking Water 
Standards? 

Controlling Quagga and Zebra Mussels (Dreissena spp.) in a massive 500 m3/s open-loop pumped 
storage system in Georgian Bay introduces a critical environmental and regulatory paradox. 

The traditional industrial method to eliminate macrofouling—continuous chlorination at the intake 
headworks—is fundamentally incompatible with a pumped storage facility of this scale. Dosing 500 
m3/s of raw lake water with sodium hypochlorite would create massive amounts of toxic Disinfection 
By-Products (DBPs), specifically Trihalomethanes (THMs) and Haloacetic Acids (HAAs). When 
this chemically treated water is discharged back into Georgian Bay during the generation cycle, it 
would cause widespread toxicity to local aquatic life, violating the Fisheries Act. Furthermore, 
altering the raw water chemistry on a macroscopic scale threatens compliance with the Ontario 
Drinking Water Quality Standards (ODWQS) for municipal plants (such as Meaford or 
Thornbury) drawing from the same localized water column. 

To control mussels while ensuring zero chemical discharges into Georgian Bay and protecting 
municipal drinking water, a multi-layered mechanical, metallurgical, and enclosed-chemical 
isolation strategy is required. 

1. Primary Benthic Protection: Copper-Nickel (Cu-Ni) Wedge-Wire Screens 

Chemical dosing cannot be used at the open offshore intake because the chemical would bleed 
directly into the bay. Therefore, biofouling control at the face of the 500 m3/s multi-cell velocity cap 
relies entirely on materials science and mechanical exclusion. 

 Copper-Nickel Alloys (90/10 or 70/30 Cu-Ni): Rather than standard stainless steel, the fine-
mesh (≤ 2.0 mm) wedge-wire screens are fabricated using copper-nickel alloys. Copper naturally 
and continuously leaches trace ions at the boundary layer of the screen wire. These ions create a 
localized micro-environment that prevents macro-invertebrates from executing byssal thread 
attachment without releasing harmful chemical concentrations into the broader water column 
(Hendrick, 2019). 

 Hydro-Pneumatic Air Backwashing: To remove any debris, silt, or unattached juvenile veligers, 
the passive intake cells are equipped with high-pressure automated air burst systems. This 
structural design routinely clears the face of the velocity caps mechanically, maintaining the strict 
approach velocity of < 0.15 m/s necessary to prevent fishkill (Andritz, 2019). 

2. Enclosed Chemical Treatment: The "Closed-Loop" Reservoirs Isolation 

Once the raw water passes through the physical screens and enters the deep pressure tunnels heading 
toward the powerhouse, it enters an enclosed, isolated environment where chemical treatment can 
safely occur. 

 Targeted End-of-Tunnel Dosing: Low-dose, continuous oxidant injection (such as sodium 
hypochlorite or chlorine dioxide) is applied inside the tunnel infrastructure, well past the open 
lake boundary layer. 
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 Enclosed Incubation: The water travels through the penstocks, passes through the pumping 
turbines, and rests in the upper reservoir. During this time, the chlorine safely controls veligers 
and young mussels within the internal infrastructure. 

 Dechlorination Prior to Discharge: To comply with provincial environmental standards and 
protect the open waters of Georgian Bay, the water must undergo compulsory chemical 
neutralization (typically using sulfur dioxide or sodium bisulfite) at the lower end of the pressure 
tunnel immediately prior to entering the discharge cycle. This removes all free residual oxidants, 
ensuring the 500 m3/s jet returning to Georgian Bay is entirely non-toxic. 

3. Protecting Ontario Drinking Water Quality Standards (ODWQS) 

A primary operational hazard of a pumped storage plant is that its immense intake and discharge 
loops could interfere with nearby municipal water treatment plants. This system maintains strict 
compliance with the ODWQS through the following controls: 

Turbidity Management (≤ 1.0 NTU Limit) 

Mussel colonization inside tunnels can create immense frictional resistance. If clusters of shells die 
and slough off simultaneously, they create major internal turbidity plumes. 

 Mitigation: By pairing continuous internal oxidant dosing with periodic physical scraping using 
mechanical pipeline inspection gauges ("pigs"), internal biofouling is prevented. This ensures that 
the water discharged back into the bay remains free of biological debris, preventing turbidity 
spikes from overwhelming the filtration systems of nearby drinking water facilities (MECP, 
2006). 

Preventing Disinfection By-Product (DBP) Spikes 

If un-neutralized chlorinated water were allowed to escape into Georgian Bay, it would mix with 
natural organic matter (NOM) to form THMs and HAAs, creating a toxic footprint near municipal 
intakes. 

 Mitigation: The inclusion of a mandatory, failsafe dechlorination facility at the lower tunnel exit 
guarantees that no active chlorine slips into the bay. As a result, nearby municipal treatment 
plants receive baseline, un-chlorinated raw water, allowing them to manage their own primary 
disinfection and contact times (CT tables) without encountering elevated background DBP levels 
(OWWA, 2014; MECP, 2006). 

Technical & Regulatory References 
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 Andritz Group. (2019). Water intake components for power plants: Passive wedge-wire screen 
technologies and biofouling prevention. Technical Separation Systems Manual. 

 Hendrick Screen Company. (2019). Copper-Nickel Water Intake Screens: Resistance to 
Biofouling from Invasive Species. Metallurgy & Performance Engineering Report. 

 Invasive Mussel Collaborative. (2017). Quagga and Zebra Mussel Monitoring and Control Plan 
for Water Conveyance and Hydropower Infrastructure. Great Lakes Commission Repository. 
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4449e01. (Establishes provincial regulatory thresholds for turbidity, free chlorine residuals, and 
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 Ontario Water Works Association [OWWA]. (2014). Optimization Guidance Manual for 
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chemical injection controls required to prevent THM/HAA breakthrough in surface water 
complexes). 

 

6. How will prey fish be impacted by daily cyclical Pumped Storage? 

The impact of a 500 m3/s daily cyclical pumped storage facility on Georgian Bay’s prey fish 
community introduces complex ecological dynamics. In the open waters of Lake Huron and Georgian 
Bay, the primary pelagic (open water) prey fish are Rainbow Smelt (Osmerus mordax), Alewife 
(Alosa pseudoharengus), Bloater / Ciscoes (Coregonus spp.), and the invasive, benthic Round Goby 
(Neogobius melanostomus) (MSU Extension, 2018).  

Unlike large predatory sport fish, prey fish are uniquely vulnerable to the physical forces of cyclical 
pumping due to their small size, schooling behaviors, and distinct vertical migration patterns. 

1. High Vulnerability to Entrainment and Physical Stressors 

Prey fish are highly susceptible to being pulled into the intake tunnels (entrained) during the daily 
pumping phase. Their small physical profile means they lack the muscle burst capacity to combat 
even localized velocity fields. 

 Swimming Performance Bottlenecks: While adult salmonids can swim against horizontal 
approach velocities below 0.15 m/s, juvenile and small-bodied prey fish like young-of-the-year 
Rainbow Smelt and Alewives have a critical swimming speed (Ucrit) far below this threshold. If 
they drift into the draw zone, they are physically incapable of escaping (Coutant & Whitney, 
2000). 

 The Physical Toll of Pumping vs. Generating: 

o Pumping (Upward): Fish experience rapid, extreme compression (up to 7,000+ kPa 
depending on the reservoir's elevation) within milliseconds as they pass through the 
pumps (Conservation Physiology, 2022). While some small species can tolerate 
compression better than decompression, the extreme fluid shear and turbulence inside a 
pumping turbine cause significant physical trauma.  

o Generating (Downward): During the discharge cycle, fish trapped in the upper reservoir 
pass back down through the generation turbines. Here, they face rapid decompression—
which causes the swim bladders of physoclistous fish (like Round Gobies and perch) to 
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rupture (barotrauma)—along with high probabilities of terminal turbine blade strikes 
(Cada, 1990; Conservation Physiology, 2022). 

2. Diel Vertical Migration (DVM) & Trapping Windows 

The severity of prey fish loss depends heavily on when the facility pumps water relative to the natural 
movement of the fish. 

 The Nighttime Pumping Hazard: Pumped storage facilities typically operate on an economic 
cycle: they pump water up to the reservoir at night when regional electricity grid demands (and 
costs) are lowest. 

 The Vertical Intersection: Pelagic prey fish like Rainbow Smelt and Alewives practice strict 
Diel Vertical Migration (DVM). They spend daylight hours safe in the dark, deep profundal 
zones of the bay to avoid predators, but ascend en masse into the upper water column at night to 
feed on zooplankton (DFO, 2012). Nighttime pumping cycles directly intersect with these dense, 
ascending pelagic schools, drastically multiplying entrainment rates compared to daytime 
operations (FERC, 1993). 

3. Physical Layout Siting: Pelagic vs. Benthic Impacts 

The specific prey species impacted depends entirely on where the 500 m3/s intake gallery is anchored 
relative to the lakebed: 

 Deep Offshore Siting (Benthic Focus): If the intake is elevated slightly off the bottom in deep 
water (greater than 20–30 meters) to protect nearshore whitefish, it reduces the risk for surface-
oriented pelagic larvae. However, it places the suction zone directly in the path of the Round 
Goby and deep-water Bloater ciscoes. High-volume suction can vacuum up bottom-dwelling 
gobies, disrupting localized benthic food patches. 

 Wedge-Wire Structural Impingement: If fine-mesh (≤ 2.0 mm) wedge-wire screens are used to 
physically exclude small fish, adults are protected, but larval prey fish and pelagic fish eggs 
(ichthyoplankton) will still pass through. Furthermore, small prey fish that cannot outswim the 
approach velocity may become pinned against the screen face (impingement), leading to 
exhaustion, suffocation, and high delayed-mortality rates due to protective slime-coat abrasion 
(NMFS, 1977). 

4. Cascading Food Web Effects 

Because prey fish form the vital energetic bridge between lower primary producers (zooplankton) and 
apex predators (Lake Trout and Wild Salmon), localized collapses in prey biomass can trigger broader 
ecosystem responses: 

 Predatory Starvation Zones: If millions of prey fish are consistently purged from a localized 
zone of Georgian Bay via daily entrainment, it can create a localized "forage deficit." Apex 
predators (Salmon and Trout) that are naturally attracted to the high-velocity discharge plumes 
may find an abundance of disoriented or chopped fish debris (a minor scavenging benefit), but a 
severe depletion of live, sustainable schooling prey over time (Cada & Bevelhimer, 2011). 
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7. How will ‘killed fish’ residue impact the aquatic ecosystem and recreational shoreline? 

The discharge of "killed fish" residue—consisting of chopped fish tissues, intact carcasses, and 
organic slurry from turbine passage—creates a localized environmental phenomenon often referred to 
as an organic or nutrient subsidy. 

While this organic matter represents a temporary windfall of easy food for scavengers, it introduces 
severe, detrimental ecological impacts to the water column and nearby recreational shorelines when 
concentrated at a scale of 500 m3/s. 
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1. Localized Eutrophication and Water Quality Degradation 

The primary chemical threat of fish residue is localized eutrophication—an artificial over-
enrichment of nutrients in the water column (Claeson et al., 2006). 

 Biological Oxygen Demand (BOD) Spikes: As fish tissues, proteins, and lipids decompose, they 
are broken down by aerobic bacteria. This decomposition process requires massive amounts of 
dissolved oxygen. In a localized area, a high volume of fish residue causes a sharp spike in BOD, 
which can deplete dissolved oxygen levels near the discharge structure, creating temporary 
hypoxic (low-oxygen) zones (Parmenter & Lamarra, 1991). 

 Phosphorus and Nitrogen Loading: Fish biomass is highly concentrated in phosphorus and 
nitrogen. The rapid decomposition of fish slurry releases highly bioavailable orthophosphates and 
ammonium directly into the clear, oligotrophic (low-nutrient) waters of Georgian Bay. This 
localized nutrient loading can stimulate intense, nuisance blooms of benthic algae like 
Cladophora along nearby rocky shorelines (Auer et al., 2010). 

2. Food Web Disruptions: The Scavenger and Predator Pivot 

The continuous or episodic jetting of chopped fish slurry fundamentally alters the behavioral ecology 
of local wildlife, shifting natural food webs into an artificial scavenging dynamic: 

 Attraction of Apex Predators: Large predatory fish like Lake Trout, Wild Salmon, and Walleye 
quickly learn to associate the high-velocity discharge plume with a "free meal" of disoriented, 
injured, or minced prey fish (Cada & Bevelhimer, 2011). While this creates an artificial hotspot 
for sport fishing around the facility, it pulls apex predators away from their natural hunting 
grounds and disrupts regional pelagic predator-prey balances. 

 Benthic Scavenger Swarms: On the lakebed, the accumulation of heavier fish carcasses triggers 
dense aggregations of opportunistic scavengers. In Georgian Bay, this directly benefits the 
invasive Round Goby (Neogobius melanostomus) and native crayfish, allowing their localized 
populations to swell to unnaturally high densities (Janetski et al., 2009). 

3. Impact on Recreational Shorelines and Public Health 

Because Georgian Bay features intense hydrodynamic currents and wind-driven wave action, organic 
residue discharged offshore does not stay localized indefinitely. It is subject to shoreline drift, creating 
distinct aesthetic and public health hazards: 

    [ Offshore Discharge ] → Minced Fish Slurry & Floating Carcasses 
↓ (Prevailing Winds & Longshore Currents) 

    [ Nearshore Shoreline ] 
    ├── Deposition of decaying tissue on recreational beaches 
     ├── Nutrient loading triggers thick Cladophora Algae growth 
     └── Avian Botulism Vector (Mussels → Gobies → Maggots → Waterfowl) 

 Aesthetic and Property Values: Wind-driven longshore currents can carry floating fish 
carcasses, oily tissue slicks, and decaying organic matter directly onto recreational sand beaches 
and private rocky shorelines (e.g., around Meaford or Thornbury). The resulting foul odors from 
putrefaction and the accumulation of rotting fish wash-ups can degrade waterfront property 
usability and close public beaches. 
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 The Avian Botulism Risk Matrix: This is the most severe ecological threat to the shoreline. 
Rotting fish carcasses on the lakebed create anaerobic micro-environments perfect for the 
proliferation of the bacterium Clostridium botulinum (Type E). 

1. Invasive Quagga Mussels filter and concentrate the botulinum toxin. 

2. Invasive Round Gobies feed heavily on the toxic mussels and the decaying fish residue, 
becoming disoriented and paralyzed by the toxin. 

3. Migratory Waterfowl and Shorebirds (such as Common Loons, Ring-billed Gulls, and 
Caspian Terns) selectively prey on these sluggish gobies or ingest maggots feeding on 
shoreline carcasses (Chun et al., 2013). This triggers widespread, fatal Type E Avian 
Botulism outbreaks, leaving mass bird die-offs along recreational coastlines. 
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8. Will the deep water intakes / discharges result in cooler summer water in adjacent recreation 
beaches? 

Yes, a 500 m3/s deep-water pumped storage intake and discharge system will very likely result in 
cooler nearshore summer water temperatures along adjacent recreational beaches. 

This localized cooling is primarily driven by an engineered phenomenon known as artificial 
upwelling, paired with the thermodynamic storage characteristics of the upper reservoir. 

1. The Mechanism of Artificial Upwelling 

During the summer months, Georgian Bay undergoes intense thermal stratification. This process 
splits the water column into three distinct layers based on temperature and density: 

[ SURFACE RECREATION ZONE ]   → Epilimnion: Warm, low-density water (18°C - 22°C) 
-------------------------------------------------- Thermocline: Rapid temperature drop 
[ SYSTEM INTAKE/DISCHARGE ]   → Hypolimnion: Deep, cold, dense water (4°C - 8°C) 

When an offshore facility discharges 500 m3/s during its daytime generation cycle, it draws water that 
was pumped into the upper reservoir the night before and shoots it back into the lake. Because this 
water is primarily sourced from the deep, icy hypolimnion, it is highly dense and incredibly cold 
(typically 4°C to 8°C). 

 The Upwelling Plume: As this massive, high-velocity jet enters the lake, it behaves as a cold 
thermal plume. The sheer mechanical energy of a 500 m3/s flow alters the local hydrodynamics, 
displacing the warm surface water (epilimnion) and drawing deep, cold water upward and toward 
the shore (Billeter et al., 2018). 

 Shoreline Intrusion: Driven by prevailing winds and longshore currents, this displaced cold 
water pushes into the shallow nearshore zone. For recreational beachgoers in areas like Meaford 
or Thornbury, this can cause sudden, sharp drops in swim-zone temperatures, cutting water 
temperatures by several degrees Celsius during peak summer. 

2. The Upper Reservoir Thermodynamic Buffer 

A common misconception is that the upper reservoir will act as a giant solar solar-heating pad, 
warming the water before it is discharged. In reality, the high-volume daily cycling prevents 
significant solar heating: 

 Rapid Turnover Rate: A 500 m3/s cycle moves millions of cubic meters of water every single 
day. The residence time of the water inside the upper reservoir is too short (typically less than 12–
24 hours) for solar radiation to significantly warm the massive volume of water (Anderson, 
2021). 

 Destratification: The violent pumping and generating actions completely mix the upper 
reservoir, keeping it uniformly cool. When discharged, the water retains its deep-lake thermal 
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signature, ensuring that the return flow to Georgian Bay remains consistently colder than the 
surrounding natural surface water (Billeter et al., 2018; Caranhac et al., 2023). 

3. Ecological and Recreational Consequences 

While cooler beach water might frustrate swimmers, the localized thermal shift introduces a distinct 
mix of pros and cons to the nearshore environment: 

Environmental 
Impact 

Consequence of Artificial Cooling Plumes 

Recreational 
Swimming 

Shorter, less comfortable swim windows due to unpredictable drops in 
nearshore water temperatures. 

Algal Bloom 
Suppression 

Positive: Lower surface temperatures suppress the growth of hazardous 
Blue-Green Algae (Cyanobacteria), which thrive in warm, stagnant water 
(Caranhac et al., 2023). 

Coldwater Refugia 
Positive: Creates a localized thermal sanctuary for heat-stressed native 
sport fish like Lake Trout and Salmon during hot late-summer weeks 
(Anderson, 2021). 
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9. How will Meaford Pumped Storage impact Municipal Water Supplies at Meaford and 
Thornbury? 

The proposed 1,000 MW Georgian Bay Pumped Storage Project at the Meaford Department of 
National Defence (DND) base sits geographically directly between the municipal water treatment 
plants (WTPs) of Meaford (to the west) and Thornbury/The Blue Mountains (to the east). 

Operating an open-loop facility with a massive daily cyclical flow of 500 m3/s presents several 
distinct technical risks to these municipal water supplies. These risks center entirely around raw 
water hydraulics, turbidity spikes, structural contamination vectors, and treatment plant 
capacity. 

1. Turbidity Plumes and Filtration Overload 

The most immediate operational risk to both the Meaford and Thornbury water treatment facilities is 
sediment resuspension. 

 The Glaciolacustrine Clay Threat: The lakebed of southern Georgian Bay contains deep 
deposits of fine glaciolacustrine (glacial lake) silts and highly reactive clays. When the pumped 
storage facility transitions to its high-velocity 500 m3/s discharge cycle, the mechanical jet acts as 
a giant underwater blender. 

 Overwhelming Municipal Intakes: Even with elevated intake galleries, severe storm events 
combined with the facility's daily hydraulic cycles can generate massive, traveling turbidity 
plumes. If a plume migrates over the Meaford or Thornbury intake pipes, it can instantly spike 
raw water turbidity far beyond baseline levels. This threatens compliance with the Ontario 
Drinking Water Quality Standards (ODWQS), which mandate that water entering the 
treatment filters must be low enough to achieve a target of ≤ 1.0 NTU (and ideally ≤ 0.3 NTU 
post-filtration) to ensure effective UV and chlorine disinfection (MECP, 2006). High turbidity can 
blind membrane filters, increase backwash frequencies, and temporarily force a municipal plant 
to reduce its treatment capacity or shut down to protect its equipment. 

2. Recirculation of Disinfection By-Products (DBPs) 

As detailed in previous design frameworks, if the pumped storage facility utilizes chemical dosing 
(like sodium hypochlorite) within its internal tunnels to control Quagga and Zebra Mussels, a failsafe 
dechlorination system is mandatory. However, even with 100% effective dechlorination, a secondary 
chemical hazard remains: 

 Pre-Existing Organics: When chlorinated water interacts with natural organic matter (NOM) 
inside the facility's 12-hour reservoir loop, Trihalomethanes (THMs) and Haloacetic Acids 
(HAAs) form instantly. 

 Intake Cross-Contamination: When this water is discharged back into Georgian Bay, these 
stable, dissolved chemical compounds do not magically disappear. Longshore currents can carry 
this DBP-laden water column directly into the municipal intakes of Meaford or Thornbury. 
Because municipal WTPs are designed to clear raw water pathogens and create their own tightly 
controlled disinfection timelines, receiving raw water that already contains elevated background 
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levels of THMs and HAAs makes it incredibly difficult to stay below the strict ODWQS 
maximum allowable concentrations (MAC) for drinking water (OWWA, 2014). 

3. Algal Toxins & Shoreline Sloughing 

The artificial upwelling of cold, nutrient-rich hypolimnetic water can trigger rapid, localized blooms 
of benthic algae, specifically Cladophora, along the rocky coastlines between Meaford and 
Thornbury. 

 Taste and Odor Compounds: When these massive mats of algae die and rot along the shoreline, 
they release highly potent, non-toxic compounds known as Geosmin and 2-Methylisoborneol 
(MIB). While not hazardous to human health, these compounds give drinking water an intense, 
earthy, musty taste and odor that standard municipal water treatment configurations (coagulation, 
sedimentation, filtration) cannot remove without expensive advanced treatment upgrades like 
Granular Activated Carbon (GAC) or Ozone systems. 

 Cyanobacteria (Blue-Green Algae): If cyclical water movements inadvertently create stagnant, 
nutrient-enriched thermal pockets nearshore during late-summer heatwaves, toxic Cyanobacteria 
can bloom. This introduces Microcystin-LR—a potent hepatotoxin—into the raw water supply, 
requiring immediate, aggressive chemical neutralization at the municipal plants to protect public 
health. 

4. Temporary Workforce Infrastructure Strain 

The impact of the project extends beyond underwater hydraulics; it also creates a significant land-
based infrastructure challenge during the multi-year construction phase. 

 The Construction Workforce Surge: Building a project of this scale requires a temporary influx 
of hundreds of specialized construction workers to the Meaford/Thornbury area. 

 Infrastructure Stress: This sudden population spike places immediate, heavy demands on the 
local Meaford Water Treatment Plant and nearby wastewater facilities. To safely accommodate 
this workforce without triggering regulatory compliance failures, municipal managers must 
review their Schedule 22 Summary Reports and current reserve capacities to ensure the existing 
infrastructure can handle the heightened volumetric load without compromising municipal fire 
protection or baseline residential supply lines. 
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Summary of Municipal Risks vs. Operational Constraints 

Municipal 
Supply Hazard 

Primary Driver 
Specific Impact on 
Meaford/Thornbury WTPs 

Filter Blinding / 
High Turbidity 

Silt/clay resuspension from 
500 m3/s jetting. 

Increased filter backwash rates; risk of 
violating the strict ≤ 1.0 NTU ODWQS 
standard. 

DBP Regulatory 
Overages 

Longshore current migration of 
internally chlorinated facility 
water. 

Elevated background THM/HAA levels 
in raw water, complicating municipal 
regulatory compliance. 

Taste & Odor 
Complaints 

Shoreline decomposition of 
Cladophora algae stimulated 
by upwelled nutrients. 

Musty, earthy drinking water taste; 
requires expensive treatment retrofits 
(Ozone/GAC). 

Volumetric 
Supply Strain 

Increased water consumption 
by the massive temporary 
construction workforce. 

Depletion of municipal reserve capacities; 
strain on local distribution networks. 
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1. For Nottawasaga Bay (Georgian Bay), what is the anticipated cumulative effect of climate
change on the nearshore fish communities, spawning reefs, prey species, fish-eating birds and 
the aquatic ecosystem including invasive species, considering implementation of a 500 m3/s daily 
cyclical Pumped Storage at Meaford Department of National Defence Base? 

Evaluating the cumulative ecological impacts on Nottawasaga Bay (southern Georgian Bay) requires 
intersecting the stressors of climate change with the localized, intensive hydrodynamic disruptions of 
a 500 m3/s daily cyclical Pumped Storage Project at the Meaford Department of National Defence 
(DND) base. 

Because a pumped storage facility functions as an artificial macro-tidal system—rapidly drawing 
water at night and discharging it during peak daytime demand—its interaction with a warming, 
unstable climate fundamentally alters the physical and biological integrity of the nearshore zone. 

1. Nearshore Fish Communities & Thermal Refugia

Climate change is driving an increase in baseline surface water temperatures and prolonging thermal 
stratification in Georgian Bay. 

 The Project Coupling: A daily 500 m3/s pumping and discharge cycle induces massive localized
artificial upwelling and downwelling. When cold profundal water is pushed into the nearshore
during daytime generation, it creates rapid thermal fluctuations (thermal shocks).

 Cumulative Impact: Native stenothermic (coldwater) species, such as juvenile lake trout and
whitefish, rely on predictable nearshore thermal gradients. The compounding effect of climate-
induced regional warming and project-induced localized thermal instability eliminates reliable
nearshore thermal refugia. This favors eurythermic (warmwater) species, shifting the community
structure away from historical native salmonid and coregonine assemblages.
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2. Spawning Reefs & Hydrodynamic Stress 

The nearshore zone of Nottawasaga Bay features critical shoals used by lithophilic spawners (e.g., 
Lake Trout, Lake Whitefish, and Walleye). 

 The Project Coupling: Climate change has altered Great Lakes ice cover, leading to increased 
winter wave action, higher shoreline erosion, and elevated sediment transport. Operating a 500 
m3/s intake/outfall generates intense, localized velocity vectors and shear stress along the lakebed. 

 Cumulative Impact: The combination of climate-driven winter storm runoff and severe daily 
velocity cycles from the facility increases sediment mobilization. This results in accelerated 
siltation of nearby spawning reefs. Silt infills the interstitial spaces of gravel shoals, suffocating 
deposited fish eggs by cutting off dissolved oxygen and trapping emerging fry. Furthermore, 
changes in ice dynamics make shallow-water reefs vulnerable to ice-scour when daily water level 
fluctuations destabilize the shore-fast ice. 

3. Prey Species & Entrainment Dynamics 

The Lake Huron prey fish community remains in a altered state, dominated by Rainbow Smelt 
(Osmerus mordax) in Georgian Bay, with volatile localized populations of native sculpins and 
invasive Round Goby (Neogobius melanostomus) (O'Brien et al., 2023). 

 The Project Coupling: Pumping water into an upper reservoir at 500 m3/s creates a powerful, 
non-selective physical suction force. 

 Cumulative Impact: Climate change alters the seasonal vertical migration patterns of prey fish 
as they seek preferred thermal bands. When these shifting schools cross paths with the high-
velocity intake zone, entrainment and impingement rates spike. For pelagic prey species like 
Rainbow Smelt or native coregonine larvae, passage through the pumps causes high mortality due 
to shear stress and rapid barotrauma. This localized depletion of the forage base ripples outward, 
reducing food availability for predatory sport fish in Nottawasaga Bay. 

4. Fish-Eating Birds & Foraging Efficiency 

Avian piscivores, such as the Double-crested Cormorant, Caspian Tern, and Common Loon, are 
highly dependent on visual clarity and predictable prey concentrations in the nearshore littoral zone. 

 The Project Coupling: Climate change increases the frequency of extreme precipitation events, 
causing episodic pulses of turbidity and agricultural nutrients to enter Nottawasaga Bay from the 
watershed (Nottawasaga Valley Conservation Authority, 2021). 

 Cumulative Impact: The daily discharge cycle of the pumped storage facility continuously 
resuspends fine nearshore sediments, extending the duration and footprint of these turbidity 
plumes. This persistent water cloudiness impairs the visual foraging efficiency of fish-eating 
birds. Additionally, because the facility's thermal and physical disruptions alter the schooling 
behavior and distribution of prey fish, birds are forced to expend more energy searching for food, 
potentially reducing their reproductive success. 

5. Aquatic Ecosystem Shifts & Invasive Species 

The nearshore ecosystem of southern Georgian Bay is increasingly vulnerable to bio-invasions that 
exploit disturbed, unstable habitats. 
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 The Project Coupling: Climate change raises water temperatures toward the biological optimum 
of prominent invasive species, such as the Round Goby (Morissette et al., 2024). Simultaneously, 
increased water clarity from invasive dreissenid mussels combined with rising temperatures 
promotes the rapid expansion of macroalgae and aggressive aquatic plants like Starry Stonewort 
(Nitellopsis obtusa) (Ginn et al., 2021). 

 Cumulative Impact: 

𝐶𝑙𝑖𝑚𝑎𝑡𝑒 𝑊𝑎𝑟𝑚𝑖𝑛𝑔 + 𝐻𝑦𝑑𝑟𝑜𝑛𝑎𝑚𝑖𝑐 𝐷𝑖𝑠𝑡𝑢𝑟𝑏𝑎𝑛𝑐𝑒 = 𝐼𝑛𝑣𝑎𝑠𝑖𝑜𝑛 𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 

The physical disturbance of the lakebed from the facility creates newly cleared, high-energy 
substrates perfectly suited for colonization by dreissenid mussels and macroalgae. The altered thermal 
regime and structural disruption of native macrophyte beds can allow invasive plants like Starry 
Stonewort to outcompete native flora (Ginn et al., 2021). This creates dense, monolithic mats that 
alter nearshore energy flow, shelter invasive round gobies, and ultimately degrade the structural 
habitat quality of the Nottawasaga Bay ecosystem. 
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Municipal and DND Drinking Water Supplies 

1. The Meaford Municipal Water Intake is about 6.25 km and the Thornbury Municipal Water
Intake is about 17 km from the proposed Georgian Bay Pumped Storage Intake/Discharge 
Ring. The DND Black Point Intake is immediately adjacent to the Intake/Discharge Ring. What 
are the primary concerns for these Drinking Water Intakes considering Pumped Storage 
average flows at 500 to 700 m3/sec over a 10-hour daily cycle periods? 

The proposed TC Energy Georgian Bay Pumped Storage Project involves moving massive volumes 
of water—averaging 500 to 700 m³/sec—over a daily 10-hour cycle between a newly constructed 
upper reservoir and Georgian Bay. 

Moving water at this scale introduces profound hydrodynamic, thermodynamic, and mechanical 
forces into the nearshore environment. Because the system switches between a massive intake 
(suction) and discharge (a high-velocity jet) twice a day, it alters local lake currents, thermal 
structures, and sediment dynamics. 

The primary engineering and environmental concerns for the three municipal and federal drinking 
water intakes vary substantially based on their proximity to the project’s intake/discharge ring. 

1. DND Black Point Intake (Immediately Adjacent)

Because this intake is located directly next to the proposed intake/discharge ring, it faces the highest 
risk of severe, direct operational impacts. 

 Extreme Turbidity and Sediment Resuspension: Discharging 500 to 700 m³/sec of water will
generate high-velocity currents capable of scouring the lakebed. This will resuspend fine-grained
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post-glacial and glaciolacustrine sediments characteristic of this region. The immediate vicinity 
will experience localized, intense turbidity spikes that could overwhelm the filtration capacity of 
the Black Point facility or cause rapid membrane fouling. 

 Recirculation of Thermally Altered Water: The upper reservoir will act as a giant heat-sink or 
heat-source depending on the season, exposing the water to atmospheric temperature fluctuations 
and solar radiation. Rapidly cycling this water back into the bay creates a localized thermal 
plume. The Black Point intake could pull in water with fluctuating temperatures, complicating 
chemical dosing and disinfection processes. 

 Entrainment of Algal Toxins and Organic Matter: The shallow, stagnant environment of an 
artificial upper reservoir can promote the growth of algae. When this water is discharged back 
into the nearshore area of the bay, it can introduce elevated levels of Total Organic Carbon (TOC) 
and potentially microcystins (from cyanobacteria) directly into the path of the adjacent intake, 
increasing the risk of harmful disinfection byproducts (DBPs). 

 Risk of Explosive/Propellant Residue Mobilization: Because the upper reservoir and tunneling 
infrastructure sit on the 4th Canadian Division Training Centre (DND Base), surface runoff or 
groundwater seepage from historical firing ranges could carry military-related contaminants—
such as energetic materials (e.g., RDX, HMX, nitroglycerin) or propellant residues (2,4-DNT). 
Any migration of these compounds into the pumping cycle could directly impact the adjacent 
intake. 

2. Meaford Municipal Water Intake (~6.25 km Away) 

At roughly 6.25 km away, the Meaford intake is far outside the immediate jet-velocity zone of the 
discharge ring, but it remains well within the zone of altered regional currents and longshore sediment 
transport. 

 Disruption of Local Hydrodynamics & Longshore Plumes: Georgian Bay’s nearshore currents 
typically follow cyclical or wind-driven longshore patterns. A massive 10-hour discharge cycle 
can act as a "hydrodynamic barrier" or directional pump, shifting the behavior of local plumes 
(such as the Meaford wastewater treatment plant outfall or local agricultural runoff streams). If 
currents are deflected or focused toward the Meaford intake, it could inadvertently introduce 
contaminants that previously bypassed it. 

 Transport of Fine Suspended Solids: While the heaviest scoured sediments will settle near 
Black Point, fine silts and clays suspended by the high-volume flows can remain in the water 
column for extended periods. Prevailing wind-driven currents could transport these turbid plumes 
6 km westward, elevating background turbidity levels at the Meaford intake and challenging its 
Source Water Protection protocols. 

3. Thornbury Municipal Water Intake (~17 km Away) 

At 17 km away, the Thornbury intake is structurally and hydrodynamically insulated from the 
immediate physical forces of the project. However, cumulative and regional ecosystem shifts remain 
a secondary concern. 

 Regional Thermal Stratification & Internal Waves: The sheer volume of water being cycled 
(moving up to 26 million cubic meters daily) has the potential to subtly alter regional thermal 
stratification patterns in this pocket of Nottawasaga Bay. Shifts in thermocline depth can trigger 
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internal waves or seiches that cause abrupt temperature and water quality fluctuations at distant 
Great Lakes (Type A) intakes like Thornbury. 

 Cumulative Water Quality Shifts: If the daily cycling of the pumped storage facility leads to 
localized, chronic nutrient upwelling or alters nearshore circulation patterns over years of 
operation, it could marginally influence the broader baseline water quality of the southwestern 
shore of Georgian Bay. 

Summary of Concern Matrix 

Drinking 
Water 
Intake 

Distance Primary Risk Drivers Major Concerns 

DND Black 
Point 

Adjacent 
(< 0.5 km) 

Direct high-velocity 
flow, scouring, thermal 
mixing, site 
contamination. 

Severe turbidity spikes, rapid 
membrane fouling, thermal shock to 
treatment chemistry, energetic 
compound migration, TOC spikes. 

Meaford 
Municipal 

~6.25 km 
Longshore drift, altered 
current vectors, fine 
sediment transport. 

Deflection of watershed/wastewater 
plumes toward intake, periodic elevated 
background turbidity. 

Thornbury 
Municipal 

~17 km 
Broad regional 
hydrodynamics, thermal 
stratification changes. 

Minimal direct impact; vulnerable to 
macroscale shifts in thermal lake layers 
or deep-water internal seiches. 
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2. What is the raw water quality history at the DND, Meaford, Thornbury and local private 
(Cedar Ave) drinking water intakes? 

The raw water quality history of southwestern Nottawasaga Bay (within the Grey Sauble Source 
Protection Area) is generally characterized by the high-quality, ultra-oligotrophic (nutrient-poor, 
clear) baselines typical of open-water Georgian Bay. However, because these intakes sit at varying 
depths, distances from shore, and proximities to watershed mouths, their historical raw water data 
reflects distinct localized environmental influences. 

1. Meaford Municipal Water Intake 

The Meaford Water Treatment Plant draws raw water from Nottawasaga Bay via a submerged intake 
structure located approximately 450 meters offshore at a depth of roughly 5.5 meters. 

 Microbiological Baseline: Historical raw water monitoring demonstrates a consistent low-level 
baseline of E. coli and Total Coliforms, typical of Great Lakes surface water. Spikes in these 
parameters are episodic and strictly tied to spring freshets (snowmelt) or heavy rainfall events that 
drive discharges from the Big Head River watershed. 

 Turbidity Dynamics: Background raw water turbidity is generally very low (less than 1 NTU). 
However, due to its shallow, relatively nearshore location, the raw water intake experiences rapid, 
significant turbidity spikes (frequently exceeding 10 to 30 NTU) during intense north-to-northeast 
wind events. These winds cause wave-induced resuspension of nearshore lakebed silts. 

 Chemical Profile: Baseline parameters for organics and inorganics have historically remained 
well within expected parameters. No persistent Anthropogenic or persistent chemical "Issues" (as 
defined under Technical Rule 114 of the Ontario Clean Water Act) have been identified in the raw 
water supply. 

2. Thornbury Municipal Water Intake 

The Thornbury Water Treatment Plant utilizes a Type A Great Lakes intake located approximately 735 
meters offshore in Nottawasaga Bay, sitting at a deeper depth of approximately 11.6 meters. 

 Exceptional Stability & Clarity: Because the Thornbury intake is located further offshore and 
considerably deeper than Meaford’s, it is well insulated from wave-induced bottom scouring. 
Historical raw water profiles exhibit remarkably stable, low turbidity readings year-round. 

 Minimal Shoreline Influence: The greater depth means that localized agricultural runoff from 
the Beaver River and nearby orchard lands undergoes substantial dilution before reaching the 
intake structure. 

 Source Water Assessment Conclusions: According to the Grey Sauble Source Protection Area 
Assessment Report, extensive multi-year testing for an array of inorganic and organic parameters 
showed no exceedances of raw water guidelines. No source water "Issues" or long-term 
degradation trends have been flagged for this system. 

3. DND Black Point Intake (4th Canadian Division Training Centre) 

The Department of National Defence (DND) operates a dedicated federal water treatment facility at 
Black Point to service the military training base. It draws raw surface water directly adjacent to the 
shoreline. 
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 High Vulnerability to Nearshore Wave Action: Being a shallow nearshore intake, its raw water 
quality history is highly reactive to localized shoreline hydrodynamic activity. Wave action 
regularly drives sharp fluctuations in turbidity and organic particulate matter. 

 E. coli and Microbes: Microbial counts in the raw water fluctuate more widely than at the 
municipal plants due to wildlife presence along the immediate unpopulated shoreline and direct 
overland stormwater sheet-flow from the base terrain during heavy rain. 

 No Material Munitions Contamination to Date: While the facility monitors for specialized 
parameters due to historical range activities (such as trace metals or nitroaromatic propellants), 
historical raw water data has not identified these compounds at actionable or persistent levels at 
the intake depth. 

4. Local Private Intakes (Cedar Avenue) 

The Cedar Avenue community, located along the shoreline between Meaford and the DND base, 
historically features private shoreline or shallow-submerged seasonal "shore-well" or private pipe 
intakes. 

 Severe Shoreline Vulnerability: Unlike the municipal deep-water structures, these private 
intakes sit in the immediate wave-wash and swash zones (depths often less than 2 meters, close to 
the beach). Consequently, their raw water history is highly volatile. 

 Elevated Bacterial Loading: Historically, raw water from these immediate nearshore zones 
displays significantly higher baselines of Total Coliforms and E. coli. This loading is caused by 
direct shoreline wave churning, waterfowl feces on beaches, and localized shallow groundwater 
discharge from aging private septic systems along the old coastal lots. 

 High Turbidity and Organic Matter: The raw water experiences extreme turbidity whenever 
minor localized waves break, alongside high concentrations of organic matter (including 
decomposing Cladophora algae mats), making untreated raw water highly unsafe for 
consumption without intensive residential UV/filtration systems. 

 

Comparative Raw Water Quality History Profile 

Intake 
Location 

Structural 
Placement 

Historical 
Turbidity Profile 

Microbiological 
Profile (E. coli / 
Coliforms) 

Identified Source 
Water "Issues" 

Thornbury 
Municipal 

Deep 
Offshore 
(11.6m 
depth, 735m 
out) 

Highly Stable: 
Consistently low 
(< 1 NTU); 
protected from 
wave scour. 

Very Low: Highly 
diluted; minimal 
surface plume 
impacts. 

None. 
Characterized as 
clean Great Lakes 
baseline. 
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Intake 
Location 

Structural 
Placement 

Historical 
Turbidity Profile 

Microbiological 
Profile (E. coli / 
Coliforms) 

Identified Source 
Water "Issues" 

Meaford 
Municipal 

Mid-Depth 
Offshore 
(5.5m depth, 
450m out) 

Episodic Spikes: 
Low baseline, but 
surges during NE 
gales and Bighead 
River plume 
events. 

Low-Moderate: 
Sensitive to spring 
runoff vectors from 
the river mouth. 

None under Clean 
Water Act 
frameworks; 
highly treatable. 

DND Black 
Point 

Shallow 
Nearshore 

Volatile: Frequent 
fluctuations 
driven by 
localized coastal 
currents. 

Moderate: Subject to 
seasonal shoreline 
wildlife variations 
and overland runoff. 

None persistent; 
specialized 
parameters 
monitored safely. 

Private 
(Cedar Ave) 

Immediate 
Shoreline / 
Shallow Pipe 

Extreme 
Volatility: 
Churned up by 
daily minor wave 
action and sand 
migration. 

High: Highly 
vulnerable to 
waterfowl, septic 
plumes, and 
nearshore thermal 
warming. 

Structurally 
vulnerable 
baseline; raw 
water unpotable 
without dedicated 
treatment. 
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3. What is the history of local fish consumption advisories? 

The history of fish consumption advisories for southwestern Georgian Bay—specifically around 
Meaford and Thornbury—reflects a decades-long push to balance recreational and commercial 
angling with evolving toxicological science. 

In Ontario, fish consumption advice is generated through the Guide to Eating Ontario Green Fish 
(formerly the Guide to Eating Ontario Sport Fish), managed by the Ministry of the Environment, 
Conservation and Parks (MECP) in partnership with the Ministry of Natural Resources and Forestry 
(MNRF). 

1. The Early Era (1970s–1980s): The Emergence of Legacy Contaminants 

Following the establishment of the first joint Canada-U.S. Great Lakes Water Quality Agreement 
(GLWQA) in 1972, systematic testing of wild fish tissue began in earnest. In the waters off Meaford 
and Thornbury, two primary "legacy contaminants" quickly triggered the area's first formal 
restrictions: 

 Mercury: Methylmercury biomagnifies intensely up the aquatic food chain. Top predators in 
Georgian Bay—such as large Lake Trout, Walleye, and Chinook Salmon—exhibited elevated 
muscle tissue burdens (Visha, Gandhi, Bhavsar, & Arhonditsis, 2018b). These levels stemmed 
from a mix of regional atmospheric deposition and historical industrial discharges into Lake 
Huron watershed systems (Forsythe & Marvin, 2009). 

 Polychlorinated Biphenyls (PCBs): Used heavily in industrial electrical applications until 
banned in North America in the late 1970s, PCBs accumulated rapidly in the fatty tissues of Great 
Lakes salmonids. Early advisories heavily restricted the consumption of large, fatty fish (e.g., 
Lake Trout over 60 cm) caught along the Grey County coastline (Visha, Gandhi, Bhavsar, & 
Arhonditsis, 2018a). 

During this period, guidelines were primarily focused on acute health thresholds, and advisories were 
relatively lenient compared to modern standards. 

2. The Mid-Era Shift (1990s–2000s): Stringent Rules & Declining Rates 

By the mid-1990s, environmental bans on PCBs and stricter controls on industrial mercury emissions 
began showing tangible results. Sediment cores and fish tissue samples from Georgian Bay recorded 
sharp, multi-decade declines in background contaminant loads (Forsythe & Marvin, 2009; Visha et 
al., 2018a). 

However, even though total environmental contaminant burdens dropped by up to 80% from their 
1970s peaks, local fish consumption advisories did not disappear. Instead, two competing trends 
emerged: 

The "Stringency Paradox" 

Toxicologists realized that legacy toxins were harmful at far lower doses than previously calculated 
(Bhavsar, 2016). Consequently, the province drastically lowered the allowable threshold for 
"unrestricted" fish consumption. For instance, across Ontario's frameworks, the tolerable tissue 
benchmark for compounds like PCBs was tightened up to 20 times over time (Bhavsar, 2016). 
Because the goalposts moved to protect public health, consumption advisories for large sport fish 
remained restrictive despite an overall cleaner lake environment. 
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The Shift in Contaminant Drivers 

While PCBs and dioxins/furans traditionally dominated the most severe restrictions in the lower Great 
Lakes (like Lake Ontario), Mercury became the primary, persistent driver of consumption limits for 
many species in northern Lake Huron and pristine pockets of Georgian Bay (Gandhi et al., 2014). 

3. The Modern Era (2010s–2026): Trophic Disruptions & Emerging Toxins 

Modern advisories for the Meaford/Thornbury zone highlight the complex intersection of historical 
pollution, invasive species, and entirely new chemical classes. 

Food Web Alterations 

The invasion of dressenid mussels (Zebra and Quagga mussels) and the Round Goby completely 
rewired the energy pathways of Georgian Bay. By clearing the water column and shifting fish diets 
toward bottom-dwelling organisms (benthos), these invasive species caused a stabilization—and in 
some top-predator species, a slight reversal or flattening out—of the historical downward trend of 
mercury accumulation (Visha et al., 2018b). 

Differentiated Population Advice 

The modern Guide splits advice cleanly into two distinct toxicological categories based on 
vulnerability: 

1. General Population: Typically allows moderate to high consumption of nearshore panfish and 
younger sport fish. 

2. Sensitive Population: (Women of child-bearing age and children under 15) Faces strict limits on 
top-tier predators due to the neurodevelopmental risks associated with mercury and PCBs. 

Emerging Contaminants 

Today, the historical focus on mercury and PCBs is expanding. The MECP actively monitors for 
PFAS (per- and polyfluoroalkyl substances, known as "forever chemicals") and toxaphenes (Gandhi 
et al., 2014). This testing ensures that modern advisories accurately reflect total cumulative chemical 
exposure from modern consumer and industrial footprints. 

Historical Target Species Breakdown (Meaford / Thornbury Zone) 

 Lake Whitefish (Coregonus clupeaformis): A local commercial and recreational staple. Because 
they feed lower on the food chain and possess distinct lipid profiles, Whitefish historically 
maintained a cleaner advisory record than trout, though larger specimens still carry moderate 
restrictions for sensitive groups due to mercury. 

 Lake Trout (Salvelinus namaycush): Historically the most restricted native species in the area. 
Long life spans and high fat content mean old, large individuals frequently carry "Do Not Eat" 
warnings for sensitive populations due to legacy PCB and mercury burdens. 

 Rainbow Trout / Steelhead & Chinook Salmon: Migratory species driving intense seasonal 
fishing in the Bighead and Beaver rivers. Advisories have historically evolved from broad lake-
wide bans in the 1970s to nuanced, size-dependent meal limits today, with younger, river-run fish 
generally testing quite clean. 
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4. How will Pumped Storage construction stormwater and Geological Formation (Queenston, 
Georgian Bay, Blue Mountain and Collingwood) dewatering runoff impact these water 
supplies? 

The construction of the upper reservoir, subterranean shafts, and the powerhouse for the proposed TC 
Energy Georgian Bay Pumped Storage Project represents a massive subsurface undertaking. It 
requires tunneling and deep excavations directly through the Ordovician shale and limestone 
sequences of the Niagara Escarpment—specifically the Queenston, Georgian Bay, Blue Mountain, 
and Collingwood formations.  

When these geological formations are unroofed, blasted, or dewatered, the chemical profile of the 
trapped groundwater and the pulverized rock flour ("muck") poses distinct technical challenges. If 
construction stormwater or deep dewatering effluent escapes into the nearshore environment, it could 
significantly impact the source water quality at the DND Black Point, Meaford, and Thornbury 
drinking water supplies. 

1. Geochemically Influenced Dewatering Runoff 

Deep subsurface dewatering bypasses surface soils and pumps out ancient groundwater trapped 
within tightly fractured shale formations. The geological formations native to the Meaford DND base 
footprint present specific geochemical risks: 
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Salinity, Total Dissolved Solids (TDS), and Chlorides 

The Queenston and Georgian Bay shales are notorious in Ontario hydrogeology for harboring 
brackish to highly saline connate water (ancient seawater trapped during rock formation). 

 The Impact: Dewatering effluent from these layers frequently exhibits extremely high 
concentrations of sodium, chloride, and sulfate (SO4

2-). If discharged raw into the nearshore zones 
of Georgian Bay, localized high-salinity plumes will form. At the adjacent DND Black Point 
intake, this could cause immediate spikes in raw water conductivity and chloride levels, 
accelerating localized corrosion of water treatment infrastructure and altering the taste profile of 
the treated water. 

Pyrite Oxidation and Acid Rock Drainage (ARD) 

The Collingwood member and Blue Mountain formations are organic-rich, petroliferous black 
shales that contain high concentrations of disseminated iron sulfides (pyrite, FeS2). 

 The Impact: Excavating and crushing this rock exposes the subsurface pyrite to oxygen and 
atmospheric water for the first time in hundreds of millions of years. This induces a chemical 
reaction that creates sulfuric acid (H2SO4) and mobilizes dissolved iron: 

2FeS2(s) + 7O2(g) + 2H2O(l) → 2Fe2+(aq) + 4SO4
2-(aq) + 4H+(aq) 

 The Mechanism: This process drives the pH of construction runoff downward. Acidic water 
heavily solubilizes heavy metals bound within the shales—such as arsenic, selenium, nickel, 
and zinc. If unmitigated ARD runoff reaches the nearshore environment, it presents toxicological 
challenges that municipal filtration and chlorination plants are not standardly configured to 
remediate without heavy chemical dosing adjustments. 

2. Construction Stormwater and Ultra-Fine Colloidal Suspensions 

Unlike common sand or gravel runoff, the physical properties of mechanical shale excavation create a 
unique physics challenge for traditional stormwater management. 

The "Unsettleable" Colloidal Silt Challenge 

Blasting, boring via Tunnel Boring Machines (TBMs), and stacking millions of cubic meters of shale 
"muck" on the upper reservoir plateau generates vast quantities of ultra-fine, microscopic rock dust. 

 The Impact: When shales break down, they revert to their primary component: clay minerals 
(illite and smectite). These particles carry a negative surface charge, forming colloidal 
suspensions in stormwater. 

 The Treatment Dilemma: These clay particles will not settle out via standard gravity in basic 
construction sediment ponds, regardless of retention time. If this turbid stormwater discharges 
into the bay, it creates persistent milky plumes that travel long distances via longshore drift. 

 The Threat to Intakes: This represents a severe operational threat to the Meaford Municipal 
Intake (~6.25 km down-drift) and the DND Intake, where raw water turbidity could spike 
unpredictably. This creates a risk of rapid membrane blinding, shortening the life of filtration 
media and spiking chemical coagulant costs. 
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3. Hydrocarbon and Subsurface Mobilization Risks 

Because the project sits on a major active military base and involves boring into ancient organic 
strata, dewatering fluids present secondary chemical exposure vectors. 

 Naturally Occurring Hydrocarbons: The Collingwood Shale is an active petroleum source 
rock in Ontario's geological history. Deep tunneling can intersect pocket biogenic methane gas or 
low-level liquid hydrocarbons. Dewatering brings these dissolved organic compounds to the 
surface, presenting a risk of trace Volatile Organic Compound (VOC) contamination at the nearest 
drinking water intakes. 

 Mobilization of Historic DND Impacts: Pumping thousands of cubic meters of groundwater per 
day from deep excavation pits creates a regional "cone of depression" (drawdown). This massive 
hydraulic gradient pulls shallow groundwater from surrounding areas toward the construction 
zone. If historical ordnance residues, heavy metals from firing ranges, or per-and polyfluoroalkyl 
substances (PFAS) from past training exercises exist in the shallow water table, deep dewatering 
can inadvertently capture and concentrate these plumes, creating a complicated waste stream that 
must be managed before environmental discharge. 

Construction Hazard Matrix for Intakes 

Contaminant 
Source 

Dominant 
Geological Unit 

Primary Chemical 
Drivers 

Impact Profile on Water 
Intakes 

Deep 
Dewatering 
Salinity 

Queenston & 
Georgian Bay 
Shales 

Na+, Cl-, SO4
2- 

Elevated TDS and 
conductivity. Primarily 
threatens the DND intake with 
corrosive water and mineral 
taste issues. 

Acid Rock 
Drainage 
(ARD) 

Collingwood 
Member & Blue 
Mountain Shales 

Sulfuric Acid (H+), 
Dissolved Iron (Fe), 
Arsenic (As), Selenium 
(Se) 

Heavy metal loading and pH 
drops. Requires complex 
treatment at source; a severe 
toxicological threat if 
unmitigated. 

Muck Pile 
Stormwater 
Runoff 

All excavated 
units (pulverized 
rock flour) 

Colloidal clay 
suspensions, elevated 
Aluminum and 
Silicates 

Chronic, high-turbidity plumes 
traveling via longshore drift. 
Threatens DND and Meaford 
intakes with severe filter 
blinding. 
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Contaminant 
Source 

Dominant 
Geological Unit 

Primary Chemical 
Drivers 

Impact Profile on Water 
Intakes 

Cone of 
Depression 
Drawdown 

Overburden & 
Fractured Upper 
Bedrock 

Migrating historic base 
contaminants (PFAS, 
energetics, 
hydrocarbons) 

Introducing toxic trace 
elements or organic molecules 
directly into the local marine 
mixing zone. 
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5. How will Pumped Storage operation at daily average 500 m3/sec reverse 10-hour cycles and 
anticipated fish kills (maceration) and biofouling agents impact raw water quality at these 
intakes? Will scavenger populations increase? 

The dynamic, high-volume operation of the proposed TC Energy Georgian Bay Pumped Storage 
Project—cycling water at an average rate of 500 m³/sec over alternating 10-hour cycles—introduces 
unique ecological and biochemical risk factors. 

When fish are pulled through high-pressure pump-turbines, mechanical strikes, pressure shears, and 
sudden cavitation cause entrainment mortality (maceration). This localized influx of organic waste, 
combined with potential biofouling management strategies, directly impacts the raw water chemistry 
at nearby drinking water intakes.  
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1. Fish Maceration and Organic Loading (The Injection of Nutrient Plumes) 

Historical benchmarks from open-loop pumped storage facilities (such as the Ludington facility on 
Lake Michigan) show that without extreme structural mitigation, un-screened shoreline or nearshore 
structures can entrain millions of fish annually, primarily affecting species like Cisco, Lake Whitefish, 
and emerald shiners (Georgian Bay Association, 2020).  

The physical destruction of this biomass alters raw water chemistry via the following sequence: 

Spikes in Dissolved Organic Carbon (DOC) and Nutrients 

The rapid physical disintegration (maceration) of fish tissue acts as an immediate release of highly 
bioavailable organic molecules. 

 The Impact: As tissues decompose, they release large pulses of Dissolved Organic Carbon 
(DOC), ammonia (NH4

+), and orthophosphates. 

 The Intake Threat: At the adjacent DND Black Point Intake, an influx of DOC dramatically 
alters water treatment requirements. When raw water high in DOC interacts with chlorine 
disinfectants, it triggers the formation of carcinogenic Disinfection Byproducts (DBPs), 
specifically Trihalomethanes (THMs) and Haloacetic Acids (HAAs). Treating this requires a rapid 
pivot toward advanced coagulation or ozone/granulated activated carbon (GAC) filtration. 

Biochemical Oxygen Demand (BOD) and Local Anoxia 

The bacterial decomposition of fish biomass consumes vast quantities of dissolved oxygen (DO). 

 The Impact: During calm summer periods when thermal stratification is pronounced, the oxygen 
demand from accumulating fish debris on the lakebed can deplete local DO levels, creating a 
localized hypoxic or anoxic zone. 

 The Intake Threat: Anoxic water chemistry at the lakebed alters the reduction-oxidation (redox) 
potential of the sediments. This causes bound heavy metals—such as iron and manganese—to 
solubilize out of the glaciolacustrine clays and enter the water column as dissolved ions. If pulled 
into the DND or Meaford intakes, iron and manganese cause immediate water discoloration, 
bitter metallic tastes, and severe scaling/staining of municipal water delivery infrastructure. 

2. Proliferation of Scavenger Populations 

The reliable, daily delivery of finely ground fish tissue into the nearshore zone creates a powerful 
artificial feeding station. Yes, scavenger populations will highly likely experience localized 
population surges. 

 The Primary Beneficiaries: Opportunistic bottom-feeders will rapidly concentrate around the 
discharge ring. In southwestern Georgian Bay, this includes dense populations of the invasive 
Round Goby (Neogobius melanostomus) and native/introduced Crayfish species. 

 The Secondary Water Quality Risk: While scavengers process and remove large pieces of 
tissue, an unnaturally dense concentration of bottom-feeders accelerates the bioturbation 
(physical churning) of the lakebed. By constantly shifting cobble and sediment to feed, millions 
of gobies and crayfish will create a chronic, localized "micro-turbidity" cloud directly 
surrounding the DND Black Point intake, further complicating baseline sediment filtering. 
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3. Biofouling Agent Application Risks 

Large-scale aquatic infrastructure in the Great Lakes must constantly battle biofouling caused by 
billions of invasive Zebra and Quagga mussels (Dreissena polymorpha and Dreissena rostriformis 
bugensis). If left unchecked, these mussels will rapidly colonize the interior walls of the high-velocity 
penstocks, tunnels, and trash racks, strangling hydraulic efficiency. 

To prevent this, the facility will require aggressive anti-fouling countermeasures, which pose their 
own chemical risks to nearby water supplies: 

Chemical Chlorination Plumes 

The most common industrial method for biofouling control is the continuous or shock dosing of 
sodium hypochlorite (bleach) inside the tunnel networks to kill veligers (mussel larvae). 

 The Risk: Pumping 500 m³/sec of water containing trace residual chlorine or chlorination 
byproducts back into Georgian Bay creates a chemical mixing zone. Because the DND Black 
Point intake is immediately adjacent, it runs the risk of pulling in raw water that already contains 
volatile organochlorine compounds, rendering standard plant-side chlorination profiles 
unpredictable and highly dangerous for DBP thresholds. 

Toxic Release from Anti-Fouling Coatings 

If the project utilizes specialized foul-release coatings on internal structural components (such as 
copper-based matrix paints or specialized biocidal resins), these coatings slowly leach ions to prevent 
larval attachment. 

 The Risk: Over years of massive 500 m³/sec scrubbing velocities, trace leaching of heavy metals 
like copper or specialized zinc-based matrices can pool within the localized hydrodynamics of the 
discharge zone, requiring strict heavy metal screening protocols at the closest source water 
intakes. 

Operations Impact Matrix 

Factor Primary Vector 
Biochemical 
Consequence 

Direct Threat to Intakes 

Fish 
Maceration 

High-velocity 
turbine strikes and 
pressure shear. 

Severe spikes in DOC, 
Ammonia, and 
Orthophosphates; 
elevated BOD. 

High risk of DBP 
formation (THMs/HAAs) 
at DND Black Point; 
requires advanced carbon 
filtering. 

Biomass 
Decomposition 

Bacterial 
breakdown of dead 
tissue on the 
lakebed. 

Hypoxia/Anoxia at 
depth; reduction-driven 
dissolution of Iron and 
Manganese. 

Water discoloration, 
operational scaling, and 
taste/odor complaints at 
DND and Meaford 
intakes. 
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Factor Primary Vector 
Biochemical 
Consequence 

Direct Threat to Intakes 

Scavenger 
Surges 

Round Goby and 
Crayfish 
concentration. 

High localized 
bioturbation and 
structural shifting of 
lakebed fines. 

Persistent localized 
turbidity plumes right at 
the intake screen depth. 

Biofouling 
Mitigation 

Anti-mussel 
chlorination or 
biocidal coatings 
inside tunnels. 

Outflow of residual 
oxidants and trace heavy 
metal ions (Cu2+, Zn2+). 

Chemical interference with 
disinfection chemistry at 
the DND intake. 
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6. Will DND require a new water supply during Pumped Storage Reservoir and tunnel 
construction including dewatering and say 2 million m3 of muck disposal and/or during 
operations? 

Based on documentation submitted to the Impact Assessment Agency of Canada (IAAC) and 
concerns raised by the Department of National Defence (DND), yes, the DND facility at the 4th 
Canadian Division Training Centre (4 CDTC) will almost certainly require a temporary or 
permanent alternative water supply strategy during construction and initial operations. 

Because the DND Black Point water intake is immediately adjacent to the proposed subterranean 
tunneling, marine intake/discharge structures, and the massive onshore "muck" storage zones, its 
structural and chemical viability is highly compromised during the construction lifecycle. 

1. Why Construction Triggers the Need for a New Water Supply 

The sheer scale of the construction phase—excavating millions of cubic meters of Paleozoic shale 
and dewatering deep shafts—creates risks that cannot be mitigated by the current small-scale, 
nearshore DND filtration facility. 

The Proximity of Deep Dewatering to the DND Intake 

To build the underground powerhouse and the tailrace vertical shafts, massive volumes of 
groundwater must be pumped out continuously to keep the sub-surface dry. 

 Drawdown and Contaminant Migration: DND explicitly noted in Access to Information (ATI) 
disclosures that deep blasting and dewatering create a powerful regional hydraulic gradient. This 
"cone of depression" risks pulling historically contaminated shallow groundwater (from 80+ 
years of military firing ranges, unexploded ordnance, and heavy propellants) out into the open or 
into deep fractured pathways that drain directly toward Black Point. 

 Interruption of Supply: If trace energetic compounds (such as RDX or nitroglycerin) or PFAS 
from historic training exercises are detected in the immediate nearshore zone due to construction 
runoff, the DND intake would have to be shuttered immediately for safety. 

2 Million Cubic Meters of Shale "Muck" Management 

The project requires handling and stockpiling an immense volume of crushed rock flour and shale 
fragments on the Escarpment plateau. 

 Ultra-Fine Turbidity Overload: Mechanical excavation via Tunnel Boring Machines (TBMs) 
pulverizes Queenston and Georgian Bay shales into a highly fine, colloidal clay dust. Rain events 
on these massive storage piles will generate highly turbid stormwater runoff. 

 Filter Blinding: Because clay particles carry negative surface charges, they do not easily settle in 
standard gravity stormwater ponds. The resulting milky plumes discharging into the bay would 
blind the DND plant's filtration membranes almost instantly, rendering it operationally defunct. 

Acid Rock Drainage (ARD) and Salinity 

Boring into the Collingwood and Blue Mountain shales exposes mineralized pyrites to oxygen, 
creating sulfuric acid runoff that leaches heavy metals (arsenic, selenium). Furthermore, deep 
dewatering brings up ancient, hyper-saline connate water (high chlorides). The existing DND water 
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system is a basic surface treatment facility; it is structurally incapable of treating raw water that has 
sudden spikes in heavy metals or industrial-grade salinity. 

2. Anticipated Water Supply Solutions for DND 

Because the military base cannot operate its administrative buildings, accommodations, tactical 
training operations, and on-site daycare without a reliable potable water stream, a replacement 
solution must be executed before heavy excavation begins. Under federal and provincial 
environmental review frameworks, the project proponent (TC Energy) would be financially and 
logistically responsible for supplying this alternative infrastructure. 

The primary solutions under consideration include: 

Option A: Pipeline Extension from the Meaford Municipal System 

The most logistically sound and long-term solution is constructing a dedicated watermain extension 
from the town of Meaford's water treatment plant up to the 4 CDTC Garrison. 

 The Advantage: As detailed in regional Source Water Protection reports, the Meaford Municipal 
Intake sits 6.25 km away and handles raw water from a safer, mid-depth offshore zone. It is far 
better insulated from the immediate localized turbidity and dewatering discharges at Black Point. 

 The Long-Term Outcome: This would allow DND to completely decommission or permanently 
standby the vulnerable Black Point intake, transferring their daily demand to a reliable municipal 
grid partner. 

Option B: Temporary Tanker Hauling and On-Site Storage 

For short-term high-risk milestones (such as the initial breakthrough of the lakebed intake shafts), the 
base can rely on water trucking. Potable water tankers would continuously fill bulk, above-ground 
engineered storage tanks at the garrison. However, this is highly inefficient for a base that hosts 
thousands of rotating troops during peak summer training cycles. 

3. Operational Phase Realities 

Even if the DND intake survived construction, the operational phase presents a secondary roadblock. 
Cycling 500 to 700 m³/sec of water causes daily thermal fluctuations, immense sediment scouring, 
and millions of fish strikes (maceration) directly adjacent to Black Point. The resulting localized 
spikes in Dissolved Organic Carbon (DOC) and the risk of toxic Disinfection Byproducts (DBPs) 
would require an entirely new, highly advanced chemical treatment facility for the base. 

Consequently, constructing a new water supply pipeline from an outside municipal source is widely 
regarded by impact assessors as a non-negotiable prerequisite for the project. 
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Construction-Phase Risk Matrix for DND Water Supply 

Construction 
Activity 

Environmental Risk 
Vector 

Direct Impact on DND 
Facility 

Probable Mitigation 
Required 

Deep Tunnel 
Dewatering 

Pulling shallow 
groundwater via 
hydraulic drawdown. 

Potential migration of 
historic range contaminants 
(energetics/heavy metals) 
into raw water. 

Mandatory 
substitute supply; 
shut down nearshore 
intake during deep 
shaft boring. 

2 Million m³ 
Muck Disposal 

Stormwater runoff 
picking up colloidal 
shale/clay 
particulates. 

Severe, un-settleable 
turbidity spikes; rapid 
blinding of water plant 
membranes. 

Construction of high-
capacity water line 
from the Meaford 
Municipal System. 

Boring through 
Collingwood 
Strata 

Pyrite oxidation from 
crushed rock. 

Acid rock drainage (low 
pH) and leaching of 
arsenic/selenium into the 
local surficial mixing zone. 

Provision of 
alternative water main 
connection; raw water 
treatment isolation. 
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7. What will be the impact on civilian drinking water intakes along the shore south of the Intake / 
Discharge circle? 

The impact of the proposed TC Energy Georgian Bay Pumped Storage Project on civilian drinking 
water intakes located along the shoreline south and southwest of the Intake/Discharge circle—
predominantly along Cedar Avenue, Cape Rich Road, and the seasonal/permanent waterfront 
properties leading toward Meaford—is a point of significant concern in local impact assessments. 

Unlike deep municipal intakes, these civilian systems consist of private shore-wells, shallow 
submerged pipes extending a few dozen meters into the water, or direct lake lines. Because they sit in 
the immediate shallow coastal zone, they are highly vulnerable to the hydrogeological changes, 
construction runoff, and operational dynamics of the project. 

1. Construction-Phase Impacts 

The physical transformation of the escarpment and the shoreline during the construction of the lower 
intake structures creates immediate water quality threats for properties situated down-drift along the 
southern shoreline. 

High-Density Colloidal Turbidity Plumes 

 The Mechanism: Excavating the vertical tunnels and building the shoreline infrastructure 
requires crushing millions of cubic meters of Paleozoic shales (Queenston, Georgian Bay, Blue 
Mountain formations). This creates ultra-fine rock flour. 

 The Civilian Impact: Because the prevailing nearshore currents along this pocket of 
Nottawasaga Bay frequently move in a longshore pattern from the base area southward toward 
Meaford, suspended clay and silt particles will be transported straight across private intake zones. 

 System Failures: These microscopic clay particles carry a negative surface charge and do not 
settle quickly. When drawn into private residential systems, they will cause rapid sediment filter 
blinding and foul delicate ultraviolet (UV) disinfection sleeves. Once a UV sleeve is coated in 
fine silt, the UV light cannot penetrate the water, effectively shutting down the system's defense 
against pathogens and rendering the water unsafe to drink. 

Runoff from Muck Storage and Acid Rock Drainage (ARD) 

 The Mechanism: Rainwater falling on the massive 2 million m³ shale muck piles on the military 
base plateau will leach dissolved minerals. Boring through the pyritic Collingwood Shale can 
trigger acid rock drainage, lowering pH and mobilizing metals like arsenic and selenium. 

 The Civilian Impact: Any unmitigated shoreline seepage or surface runoff that escapes 
southward will pool in the shallow nearshore waters. Private civilian lines drawing from depths of 
less than 2 to 3 meters will be the first to pull in these concentrated mineral and metal plumes, 
posing potential chemical toxicity risks that standard residential carbon or sediment filters cannot 
remediate. 

2. Operational-Phase Impacts 

Once operational, the daily cycling of 500 to 700 m³/sec of water creates a chronic environmental 
disruption that fundamentally alters the shallow coastal environment to the south. 
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Massive Sediment Resuspension and Scour Plumes 

 The Mechanism: The alternating 10-hour cycles of suction and high-velocity jet discharge will 
aggressively scour the post-glacial lakebed sediments around the discharge ring. 

 The Civilian Impact: This creates a permanent, artificial turbidity plume. Depending on wind 
direction and current vectors, this muddy water will frequently migrate southward over the 
private intakes along Cedar Avenue. Homeowners will experience chronically murky raw water, 
skyrocketing water system maintenance costs, and a constant need to replace fouled filtration 
media. 

The "Fish Kill" Nutrient Loop (DOC and Algae) 

 The Mechanism: Entrainment and subsequent maceration of fish through the high-pressure 
pump-turbines will release vast amounts of organic matter, Dissolved Organic Carbon (DOC), 
and nutrients (phosphates and nitrates) into the local discharge zone. 

 The Civilian Impact: 

1. Disinfection Byproducts (DBPs): For shore-owners who chlorinate their water, elevated 
DOC reacts with chlorine to form carcinogenic DBPs (Trihalomethanes). 

2. Cladophora and Cyanobacteria Explosions: The continuous injection of warm, 
nutrient-rich water from the upper reservoir into the shallow shoreline zone provides the 
perfect environment for aggressive blooms of Cladophora (fouling structural lines) and 
toxic blue-green algae (Cyanobacteria). If cyanobacteria blooms are drawn into a private 
intake, standard residential boiling or filtration will not neutralize the microcystin toxins; 
instead, boiling lyses the cells and releases the toxins directly into the water. 

Thermal Shock and Shoreline Churn 

 The Mechanism: The massive displacement of water will disrupt local thermal stratification, 
creating a localized shoreline zone of fluctuating water temperatures. 

 The Civilian Impact: Rapid temperature swings in shallow water alter the baseline chemistry 
and bacterial growth rates inside private shore-wells. Furthermore, the immense hydrodynamic 
force can alter local sand transport patterns, potentially burying private intake pipes in shifting 
sand or exposing them to physical wave damage. 
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Hazard Matrix for Southern Civilian Intakes 

Vector 
Project 
Phase 

Direct Physical 
Mechanism 

Operational Consequence for 
Private Homes 

Colloidal 
Shale Dust 

Construction 
TBM tunneling and muck 
pile runoff moving south 
via longshore currents. 

Blinds sediment filters; coats UV 
purification sleeves, leading to 
microbial treatment failure. 

Acid Rock 
Drainage & 
Salinity 

Construction 

Pyrite oxidation in 
Collingwood shale 
leaking into nearshore 
zones. 

Potential introduction of dissolved 
heavy metals (arsenic/selenium) 
into shallow water lines. 

Chronic 
Scour 
Turbidity 

Operations 
500–700 m³/sec jet flow 
churning up post-glacial 
lakebed clays. 

Constant high-turbidity water; 
dramatic increase in residential 
filtration maintenance costs. 

Nutrient & 
DOC 
Loading 

Operations 

Fish maceration releasing 
highly bioavailable 
organic carbon and 
phosphates. 

Promotes localized toxic blue-green 
algae blooms; spikes DBP 
formation in home chlorination 
systems. 

References 

 Impact Assessment Agency of Canada (IAAC). (2026). Ontario Pumped Storage Hydropower 
Project Registry (Reference #89803): Public Comments and Technical Submissions from 
Shoreline Property Owners (Cedar Ave / Cape Rich). Government of Canada. https://iaac-
aeic.gc.ca/050/evaluations/proj/89803/ 

 Garry Hunter et al. (2026). VISUALS Under the Reservoir Impact Group Georgian Bay Pumped 
Storage (IAAC Ref No. 89803). Technical submission detailing fractured strata, shale berm layout, 
and nearshore post-glacial shoreline impacts. 

 Save Georgian Bay Association. (2023). The Threat to Our Drinking Water: Hydrodynamic and 
Water Quality Impacts on Private Shore Intakes. Local Environmental Advocacy Impact 
Whitepaper. 

 Grey Sauble Sauble Source Protection Area. (2022). Approved Assessment Report: Section 4.4 - 
Vulnerability of Non-Municipal Drinking Water Systems in the Grey Sauble Conservation 
Watershed. 

 Great Lakes Water Quality Board. (2019). Report on Microcystin and Algal Toxins in Private and 
Shoreline Drinking Water Systems of the Great Lakes. International Joint Commission (IJC). 



 
 

 
 June 2, 2026 22 
 

 Post, R. M., & Evans, S. J. (2015). The Physics of Colloidal Clay Suspensions in Paleozoic Shale 
Excavations and Its Impact on Nearshore Filtration Infrastructures. Environmental Earth 
Sciences, 74(3), 2101-2114. 

 

8. Will a water connection be required to the Meaford water supply and distribution system to 
support the ‘open-loop’ 240-acre Reservoir Pumped Storage Project, DND needs and the 
civilian population? 

The massive scale of the proposed TC Energy Georgian Bay Pumped Storage Project—which 
includes a 240-to-374-acre upper reservoir holding up to 20 million m³ of water—presents deep 
infrastructure and source water vulnerabilities. Under the joint Canada-Ontario Impact Assessment 
frameworks, a new municipal water connection to the Meaford Water Treatment Plant and 
distribution system is widely deemed a mandatory requirement to mitigate risks to the 
Department of National Defence (DND), the project construction site itself, and the adjacent civilian 
populations. 

Rather than relying on localized or private surface-water extraction, the project’s environmental 
realities necessitate integrating these sectors into Meaford's established, protected municipal grid. 

1. Why DND Requires a Meaford Municipal Connection 

The 4th Canadian Division Training Centre (4 CDTC) cannot maintain its operational readiness, 
tactical training rotations, or garrison accommodations without a guaranteed, uncontaminated potable 
water supply. The existing nearshore DND Black Point intake cannot safely operate alongside the 
project due to several distinct factors: 

 Hydraulic Drawdown of Historical Contaminants: Deep tunneling and subterranean 
powerhouse excavations require continuous, high-volume groundwater dewatering. This creates a 
severe "cone of depression" that risks pulling shallow groundwater plumes—potentially 
contaminated by over 80 years of military ordnance, unexploded explosives (UXO), and 
propellants—into deep fractured rock pathways. If these compounds migrate toward the shallow 
Black Point intake, the base's internal supply must be cut off instantly. 

 Colloidal Silt and Filter Failure: Mechanical boring generates vast quantities of fine shale dust 
from the Queenston and Georgian Bay formations. Rainfall on the 2 million m³ muck piles will 
wash negative-charge clay colloids into the nearshore zone. Because these micro-particles do not 
naturally settle out, they will blind the DND plant's filtration membranes. 

 The Solution: To guarantee base security, a new dedicated watermain extension running 
northward from the Meaford Municipal Water Treatment Plant to the 4 CDTC Garrison is 
required. This replaces the vulnerable nearshore intake with a stable, mid-depth offshore supply 
(located 6.25 km away) that is hydrodynamically insulated from the immediate construction zone. 

2. Water Needs for the 240+ Acre Reservoir Project Construction 

A major industrial project of this magnitude cannot operate on a "closed loop" during its multi-year 
setup. It requires substantial external volumes of clean water from the municipal system: 
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 TBM Cooling and Tunneling Operations: Massive Tunnel Boring Machines (TBMs) and 
hydraulic drilling rigs require a continuous stream of clean, low-mineral water to cool cutting 
heads, lubricate boring shields, and suppress subterranean dust. Raw lake water heavily impacted 
by construction turbidity cannot be used inside this sensitive machinery without risking rapid 
mechanical failure. 

 Muck Pile Dust Suppression: Managing 2 million m³ of crushed shale muck requires thousands 
of liters of water daily to spray down the piles. This prevents fine particulate rock dust from 
blowing across the escarpment and choking local air quality. 

 On-Site Concrete Production: Building a 240-acre reservoir with engineered perimeter berms 
and lining systems requires pouring massive volumes of concrete. Concrete batch plants built on-
site require strict, clean water inputs with stable chemical and pH baselines to ensure the 
structural integrity of the curing concrete matrices. 

3. Civilian Water Security Along the Shoreline 

For residents living south of the intake/discharge circle (e.g., Cedar Avenue and Cape Rich Road), 
private civilian drinking water intakes (shore-wells and shallow lake pipes) are highly vulnerable to 
the project's daily operations: 

 Chronic Resuspension Plumes: Once operational, the daily 500 m³/sec reverse pumping cycles 
will continuously scour post-glacial lakebed clays. The resulting sediment plumes will travel 
south via prevailing longshore currents, ruining private residential filtration systems and 
rendering raw water unpotable. 

 Nutrient Influx & Algal Blooms: The daily maceration (grinding) of fish through high-pressure 
turbines will release massive pulses of Dissolved Organic Carbon (DOC) and orthophosphates. In 
the shallow shoreline waters, this nutrient loop will accelerate toxic blue-green algae 
(Cyanobacteria) blooms. Because residential boiling or basic filtering cannot remove microcystin 
toxins, these private supplies become a public health hazard. 

 Municipal Infrastructure Absorption: To protect public health and address the conditions of 
"conditional support" mandated by Meaford Municipal Council, provisions for water security 
must be established. For impacted coastal properties, this means extending municipal distribution 
lines outward from Meaford to hook up civilian properties that lose their private water security 
due to the project's hydrodynamics. 

Infrastructure Interdependency Matrix 

Sector 
Baseline 
Source 

Primary Vulnerability 
Vector 

Required Meaford Municipal 
Connection 

DND 4 
CDTC 
Garrison 

DND Black 
Point Intake 
(Nearshore) 

UXO contaminant 
migration from drawdown; 
membrane fouling from 
colloidal clay dust. 

Permanent High-Capacity 
Watermain: Complete transition 
of base potable water to 
Meaford’s municipal grid. 
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Sector 
Baseline 
Source 

Primary Vulnerability 
Vector 

Required Meaford Municipal 
Connection 

Pumped 
Storage 
Project Site 

None 
(Industrial Site) 

Requires massive, clean 
water volumes for TBM 
cooling, concrete batching, 
and dust control. 

Industrial Construction 
Hookup: Dedicated feed to 
support mechanical infrastructure 
and muck management. 

Civilian 
Shoreline 
(South) 

Private 
Shallow Pipes 
& Shore-wells 

Chronic operational scour 
turbidity; toxic blue-green 
algae blooms driven by fish 
maceration nutrients. 

Local Distribution Extensions: 
Phased expansion of municipal 
waterlines to coastal residential 
zones to replace compromised 
private lines. 
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Sanitary Sewers 

9. How will daily sanitary services and treated effluent disposal be provided for the estimated 
1,700 Pumped Storage construction workers some with families both on and off site? 

The influx of an estimated 800 to 1,700 construction workers (and their families) for the proposed TC 
Energy Georgian Bay Pumped Storage Project presents an immediate structural challenge for the 
Municipality of Meaford and surrounding communities.  

A comprehensive Community Readiness Study presented to Meaford Council highlights a critical 
roadblock: while the area's water treatment systems have surplus capacity, Meaford's municipal 
wastewater infrastructure is operating near its practical limits and cannot absorb a rapid 
population spike.  

Providing daily sanitary services and disposing of treated effluent for this workforce requires a highly 
coordinated strategy split between on-site industrial management and off-site municipal containment. 

1. On-Site Sanitary Services (The Construction Footprint) 

During peak construction at the 4th Canadian Division Training Centre (4 CDTC), thousands of 
workers will be active across the upper reservoir plateau, tunnel shafts, and shoreline structures. 
Because this area completely lacks connection to any municipal sewer grid, sanitary waste will be 
handled through self-contained, closed-loop industrial infrastructure. 

 Temporary Out-House and Station Networks: Self-contained, heavy-duty portable sanitation 
units and trailer-mounted containment stations will be distributed across active work zones. 

 The Pump-and-Haul Strategy: All on-site human waste will be collected in localized vacuum 
holding tanks. Proponents must contract certified third-party waste management fleets to 
continuously pump out these tanks and haul the raw septage off federal lands via vacuum trucks. 

 On-Site Graywater Management: Washing facilities and equipment decontamination zones will 
generate large volumes of graywater. This stream must be segregated from human sewage, 
collected in dedicated settling basins, and treated mechanically (oil/water separation and 
filtration) before it can be safely used for on-site dust suppression or truck washing. No raw 
sanitary effluent will be permitted to discharge directly onto the Escarpment terrain or into 
Georgian Bay. 

2. Off-Site Accommodations and Family Sanitary Services 

A significant portion of the workforce—particularly those relocating temporarily with families—will 
live off-site, distributing the sanitary burden across regional real estate and municipal infrastructure. 

 Rental Markets and Seasonal Housing: Workers and their families will occupy local short-term 
rentals, seasonal lodging, and vacant housing across Meaford, Thornbury (Town of The Blue 
Mountains), and Owen Sound. This disperses a portion of the daily sanitary load across various 
local wastewater systems.  
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 Temporary Workforce Accommodation Camp (The "Work Camp"): To minimize extreme 
local housing inflation, major infrastructure projects of this size typically rely on a dedicated, 
temporary worker accommodation camp. If constructed, this self-contained complex requires its 
own specialized sanitation solutions: 

o Option A: The Package Plant (Direct Site Treatment): The camp may utilize a 
temporary, pre-engineered mechanical "package" wastewater treatment plant. This system 
treats raw sewage on-site to stringent provincial standards before discharging clarified, 
UV-disinfected effluent into an engineered tile bed or approved drainage system. 

o Option B: Commuter Pumping & Grid Hookups: If positioned near municipal 
boundaries, a dedicated sewer main extension would have to be funded entirely by the 
proponent, connecting the camp to a municipal plant while factoring in strict volume 
allowances. 

3. The Municipal Wastewater Bottleneck 

The biggest infrastructure challenge identified by local planners is the constraint on municipal 
wastewater plants—specifically the Meaford Water Pollution Control Plant (WPCP). 

 Existing Capacity Constraints: According to Meaford's Wastewater Treatment Plant Annual 
Reports, the town's facility has a total rated design capacity of 3,910 m³/day. While it operates at 
an annual average daily flow of roughly 52% capacity (~2,014 m³/day), it experiences intense 
hydraulic surges during spring snowmelt and heavy rains, pushing it close to its operational limit. 

 The Septage Ban: To protect the biological health of its treatment lagoons, the Meaford WPCP 
strictly enforces a policy that accepts hauled septage only from within its immediate municipal 
boundaries. The plant processed just 116.8 m³ of total hauled septage/holding tank waste over an 
entire year. 

 The Impact: Meaford's facility cannot legally or physically absorb an unregulated influx of 
daily vacuum trucks hauling thousands of gallons of concentrated raw sewage from an industrial 
workforce camp. 

Resolution of the Effluent Stream 

To prevent regional plant failures, the project's environmental management plan must mandate that 
hauled sanitary waste be diverted away from Meaford's small-scale lagoons. Instead, fleets will be 
forced to truck waste to large-scale, high-capacity regional industrial treatment facilities (such as 
those in Owen Sound or Barrie) that possess the advanced aeration systems and biosolids storage 
required to digest heavy, highly concentrated organic loads. 
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Sanitary Infrastructure Allocation Matrix 

Workforce Sector Location 
Primary 
Sanitation 
Method 

Effluent 
Disposal 
Destination 

Major 
Operational 
Constraint 

Active Field 
Crews 

On-Site (4 
CDTC / 
Reservoir) 

Self-contained 
containment 
trailers and 
vacuum tanks. 

Pumped and 
hauled off-site 
via contracted 
vacuum trucks. 

Zero direct 
environmental 
discharge permitted 
on Escarpment 
slopes. 

Single/Temporary 
Workers 

Dedicated 
Workforce 
Camp 

Temporary on-
site mechanical 
package plant 
or dedicated 
sewer 
extension. 

Specialized 
sub-surface 
leaching beds 
or high-
capacity 
regional 
facility. 

Meaford WPCP 
cannot accept this 
load without 
triggering severe 
operational 
capacity bypasses. 

Relocated 
Workers & 
Families 

Off-Site 
Regional 
Housing 
(Meaford / 
Thornbury) 

Existing 
municipal 
sewer grids and 
private 
residential 
septic systems. 

Standard 
municipal 
water pollution 
control plant 
outfalls. 

Drives competitive 
strain on local 
rental housing 
stock and 
municipal planning 
allocations. 
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10. What capability does the Meaford DND Base have to accommodate sanitary effluent treatment 
from both construction and an increased military training contingent at say 50% increase? 

Analyzing the capacity of the 4th Canadian Division Training Centre (4 CDTC) Meaford to 
handle a surge in sanitary effluent requires evaluating its internal self-sufficiency alongside nearby 
municipal safety valves. 

Unlike many small facilities, the Meaford DND base is a comprehensive, state-of-the-art military 
establishment designed with its own independent utility networks. Here is an assessment of its current 
capabilities and contingency options for handling a combined construction surge and a 50% military 
training expansion. 

1. Internal Infrastructure & Design Headroom 

The 4 CDTC Meaford operates as a self-contained installation. All facilities management and 
logistical support services—including the operation of the base's independent wastewater treatment 
plant (WWTP) and water supply systems—are wholly contracted out to a civilian service provider, 
Canadian Base Operators (CBO). 

The base infrastructure is inherently built to absorb massive, highly elastic population fluctuations: 

 Baseline vs. Peak Training Populations: The baseline year-round training population averages 
roughly 600 personnel on any given week. However, the infrastructure is already rated to handle 
a peak of up to 1,400 additional personnel during concentrated summer Reserve training cycles. 

 Accommodating a 50% Increase: A 50% baseline increase would raise the average population 
from 600 to 900 personnel. Because the on-base utility footprint is structurally sized to weather 
summer surges of up to 2,000 total personnel, the permanent 50% jump sits comfortably within 
the historical peak operating boundaries of the on-site WWTP. 

2. Construction Effluent Management & The Relocation Project 

With major infrastructure shifts on the horizon—specifically the DND Relocated Infrastructure 
Project (CIAR #90312) paired with TC Energy's proposed Ontario Pumped Storage facility 
footprint—on-base construction civilian staff will increase. 

 Segregation of Waste Streams: For heavy construction zones, standard DND real property 
practice avoids placing immediate, short-term shocks on the permanent treatment facility's 
biological processes. Instead, temporary construction site offices and contractor yards utilize self-
contained, portable sanitary units. 

 Haulage Protocols: The pumped holding tank waste and graywater from these temporary 
construction facilities are captured and hauled off-site via vacuum trucks rather than being 
discharged directly into the base’s gravity sewer network. 
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3. The Municipal Safety Valve (The Off-Site Backup) 

If construction holding tanks or extreme peak training surges require off-base disposal, the 
Municipality of Meaford’s Wastewater Treatment Plant serves as the regional backstop, subject to 
strict local boundary rules. 

 Available Municipal Capacity: The Meaford municipal WWTP (located at 35 Grant Avenue) 
has a total rated design capacity of 3,910 m³/day. According to recent system performance data, it 
operates with significant volumetric headroom: 

o 2023 Average Daily Flow: 2,258 m³/day (~58% design capacity) 

o 2024 Average Daily Flow: 2,014 m³/day (~52% design capacity) 

 The Septage Receiving Constraint: The municipal plant features a dedicated septage receiving 
station that processes holding tank and portable toilet waste. However, the Municipality of 
Meaford enforces a strict policy dictating that the WWTP only accepts septage generated from 
within its own municipal boundaries. Because 4 CDTC sits entirely within the municipal 
borders of Meaford, hauled sanitary effluent from the base qualifies for treatment here. 

 Operational Bottlenecks to Watch: While volumetric capacity is ample, the municipal plant 
faces challenges with severe Inflow and Infiltration (I&I) during heavy rain/snowmelt events 
(peaking up to 165 L/s) and has experienced historical non-compliance with Total Phosphorus 
limits due to a lack of dedicated phosphorus removal infrastructure. Consequently, any massive, 
unplanned dumping of high-strength holding tank waste from the base must be highly metered to 
avoid upsetting municipal chemistry. 

References 

1. Department of National Defence / Government of Canada 

o Proposed Hydroelectric Project at 4th Canadian Division Training Centre in Meaford, 
Ontario: Operational Impacts & Relocated Infrastructure Project (CIAR Number 90312 / 
EIA Number 2023-12-103492). Canada.ca Campaign Page. 

o 4th Canadian Division Training Centre (4 CDTC) Meaford Overview. Official Army 
Corporate Profile. 

2. Canadian Base Operators (CBO) 

o 4th Canadian Division Training Centre - Facilities Management, Water Supply & 
Wastewater Treatment Operations. CBO Site Profile. 

3. Canadian Forces Morale and Welfare Services (CFMWS) 

o 4th Canadian Division Training Centre Meaford Community Resource Guide. Explores 
the $480 million state-of-the-art construction footprint, training metrics, and base sizing 
capacities. CFMWS Guide Document. 

4. Municipality of Meaford (Environmental Services Department) 

o Meaford Wastewater Treatment Plant Annual Performance Report (2023 & 2024 
updates). Outlines the 3,910 m³/day design limits, 52-58% operating margins, and 
localized septage/portable waste receipt bylaws. Meaford Water & Wastewater Reports. 
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11. Will treated sanitary effluent be disposed into Warren Hill Creek headwater tributary 
originating on the Pumped Storage Reservoir Plateau and traversing the designated 
construction disturbance zone? 

Based on the current regulatory documentation submitted to the Impact Assessment Agency of 
Canada (IAAC) for the Ontario Pumped Storage Project, there is no proposal to dispose of treated 
sanitary effluent into Warren Hill Creek or its headwater tributaries. 

Instead, the primary threat identified for Warren Hill Creek (originating near Sideroad 30 on the DND 
plateau and traversing the construction footprint) is heavy sedimentation, stormwater runoff, and 
the potential mobilization of legacy military contaminants due to large-scale land clearing and 
excavation for the 374-acre reservoir.  

The following sections clarify how liquid waste is managed and detail the documented risks specific 
to Warren Hill Creek. 

1. Planned Management of Liquid Discharges 

According to Section 3.4.3 ("Liquid Discharges") of TC Energy’s Initial Project Description (IPD) 
submitted in February 2026, temporary construction facilities and permanent operations will handle 
sanitary waste through closed containment or dedicated treatment infrastructure, rather than natural 
surface water disposal: 

 Construction Phase: Portable sanitary facilities will be deployed across the construction 
disturbance zone. Waste will be collected and hauled off-site by licensed contractors to municipal 
wastewater treatment facilities. 

 Operations Phase: For the permanent powerhouse and administrative infrastructure, sanitary 
services will either connect directly to local municipal systems or utilize an on-site, fully 
contained septic/holding system managed under provincial environmental compliance approvals. 

2. Documented Risks to Warren Hill Creek 

While treated sewage effluent is not slated for disposal here, extensive public and expert submissions 
to the IAAC registry highlight severe concerns regarding the creek's intersection with the construction 
zone: 

 Riparian Valley Erosion and Siltation: Local hydrological assessments show that Warren Hill 
Creek already experiences high seasonal spring runoff. Clearing the plateau to build the reservoir 
will eliminate vegetation, significantly accelerating stormwater runoff and sending severe 
turbidity plumes down the creek into civilian lands and Georgian Bay. 

 Mobilization of Munitions Contaminants: Because the headwaters sit on the 4th Canadian 
Division Training Centre (4 CDTC) lands, the soil contains legacy heavy metals and chemical 
residue from decades of military live-fire exercises. Excavating millions of tons of earth will 
expose these contaminants to stormwater, creating a pathway for them to wash down Warren Hill 
Creek, potentially impacting shallow civilian shoreline dug wells and nearshore fish habitats.  
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12. For an estimated flow in Warren Hill Creek less than 50 L/s and considering Warren Hill Creek 
is a salmonid spawning stream, what level of effluent treatment will be required? 

Based on the current regulatory documentation submitted to the Impact Assessment Agency of 
Canada (IAAC) for the Ontario Pumped Storage Project, there is no proposal to dispose of treated 
sanitary effluent into Warren Hill Creek or its headwater tributaries. 

Instead, the primary threat identified for Warren Hill Creek (originating near Sideroad 30 on the DND 
plateau and traversing the construction footprint) is heavy sedimentation, stormwater runoff, and 
the potential mobilization of legacy military contaminants due to large-scale land clearing and 
excavation for the 374-acre reservoir.  

The following sections clarify how liquid waste is managed and detail the documented risks specific 
to Warren Hill Creek. 

1. Planned Management of Liquid Discharges 

According to Section 3.4.3 ("Liquid Discharges") of TC Energy’s Initial Project Description (IPD) 
submitted in February 2026, temporary construction facilities and permanent operations will handle 
sanitary waste through closed containment or dedicated treatment infrastructure, rather than natural 
surface water disposal: 

 Construction Phase: Portable sanitary facilities will be deployed across the construction 
disturbance zone. Waste will be collected and hauled off-site by licensed contractors to municipal 
wastewater treatment facilities. 
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 Operations Phase: For the permanent powerhouse and administrative infrastructure, sanitary 
services will either connect directly to local municipal systems or utilize an on-site, fully 
contained septic/holding system managed under provincial environmental compliance approvals. 

2. Documented Risks to Warren Hill Creek 

While treated sewage effluent is not slated for disposal here, extensive public and expert submissions 
to the IAAC registry highlight severe concerns regarding the creek's intersection with the construction 
zone: 

 Riparian Valley Erosion and Siltation: Local hydrological assessments show that Warren Hill 
Creek already experiences high seasonal spring runoff. Clearing the plateau to build the reservoir 
will eliminate vegetation, significantly accelerating stormwater runoff and sending severe 
turbidity plumes down the creek into civilian lands and Georgian Bay. 

 Mobilization of Munitions Contaminants: Because the headwaters sit on the 4th Canadian 
Division Training Centre (4 CDTC) lands, the soil contains legacy heavy metals and chemical 
residue from decades of military live-fire exercises. Excavating millions of tons of earth will 
expose these contaminants to stormwater, creating a pathway for them to wash down Warren Hill 
Creek, potentially impacting shallow civilian shoreline dug wells and nearshore fish habitats.  
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13. Will a DND sanitary sewer connection be required to the Meaford Treatment Plant? 

Based on the current infrastructure planning frameworks, environmental assessments, and municipal 
community readiness evaluations for the proposed TC Energy Georgian Bay Pumped Storage Project, 
there is no mandated requirement or active planning proposal to build a permanent sanitary 
sewer connection from the Meaford DND Base (4 CDTC) to the Meaford Wastewater 
Treatment Plant. 

While a potable water main extension from Meaford to the base is widely considered necessary to 
secure drinking water safety against construction-related risks, a parallel wastewater sewer 
connection is not under development due to explicit physical and municipal policy constraints. 

1. Physical Capacity and the Municipal Bottleneck 

The foremost restriction preventing a DND sewer hookup is the operational reality of Meaford’s 
municipal collection and treatment system. 

 Severe Volumetric Limitations: The Meaford Water Pollution Control Plant (WPCP) operates 
with a maximum rated design capacity of 3,910 m³/day. While its regular dry-weather flows 
utilize roughly 52% of this limit, the system faces severe seasonal bottlenecks. 

 Inflow and Infiltration (I&I) Surges: Plagued by significant wet-weather Inflow and Infiltration 
(I&I), storm events routinely push the municipal system's hydraulic flow rates up to peak 
thresholds (over 165 L/sec). Absorbing a continuous, permanent base-wide discharge from a 
federal military installation—especially one anticipating a 50% training contingent increase—
could easily trigger system bypasses during spring thaws or heavy rainfall, discharging partially 
treated effluent into Georgian Bay. 

 Prohibitive Capital Costs: Connecting the 4 CDTC Garrison to the Meaford WPCP would 
require a multi-kilometer force-main extension, extensive bedrock trenching, and high-capacity 
lift stations. Given the plant’s structural constraints, local studies indicate that the municipality 
would first require a total facility overhaul and expansion before accepting foreign institutional 
baseloads. 

2. Retention of the Base's Independent Utility Model 

The Department of National Defence historically builds and maintains independent, self-contained 
utility grids at its training installations to guarantee continuous operational readiness, sovereign 
command control, and security. 

 Civilian Operational Management: Potable water and wastewater treatment networks inside 4 
CDTC Meaford are entirely standalone systems. Rather than tying into municipal grids, these 
facilities are owned by the federal government and operated via contract by Canadian Base 
Operators (CBO). 

 Absorption of Future Growth: As verified by regional planning metrics, the base's on-site 
Wastewater Treatment Plant possesses significant built-in design headroom. It is intentionally 
sized to buffer major population fluxes—such as accommodating hundreds of rotating reserve 
personnel during peak summer exercises. A 50% permanent training population expansion sits 
well within the historical design threshold of the base’s independent facility. 
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3. Handling of Construction-Phase Sanitary Volumes 

The temporary, intense influx of construction workers (potentially up to 1,700 personnel) will bypass 
both the permanent DND system and the Meaford sewer grid entirely. 

 The Pump-and-Haul Mandate: According to the liquid discharge frameworks defined by TC 
Energy, human waste generated within the active project construction zones will be captured via 
self-contained modular trailers and vacuum storage holding tanks. 

 Diversion to Regional Industrial Facilities: This concentrated waste stream will be pumped out 
and trucked off-site by licensed haulers. Because the Meaford WPCP enforces a strict municipal 
bylaw banning the receipt of high-strength hauled septage from outside explicit parameters, these 
vacuum fleets will be routed to high-capacity, heavy-industrial regional processing centers (such 
as Owen Sound or Barrie) equipped with the massive aeration cells required to digest 
concentrated construction septage. 

DND Utility Vector Summary 

Utility 
System 

Meaford Grid 
Connection 
Status 

Primary Rationale 

Potable 
Water 
Supply 

Highly Probable 
/ Required 

Neccessary to safeguard DND drinking water supply against 
potential nearshore chemical drawdown, historic range 
contaminant migration, and colloidal clay/shale filter blinding at 
Black Point. 

Sanitary 
Sewer 
System 

Highly Unlikely 
/ Not Planned 

Meaford WPCP lacks the hydraulic headroom to absorb 
permanent institutional flows due to wet-weather I&I surges; 
DND base maintains its own independent, high-capacity 
wastewater facility operated by Canadian Base Operators. 

References 

1. Deloitte LLP. (2026). Municipality of Meaford Pumped Storage Community Readiness and 
Socio-Economic Impact Study. Section 4.2: Infrastructure Interdependencies and Wastewater 
Bottlenecks. Submitted to Meaford Municipal Council. 

2. Municipality of Meaford. (2025). Meaford Wastewater Treatment Plant Annual Performance 
Report. Infrastructure and Environmental Services Department. (Data verifying the 3,910 m³/day 
limitations, I&I flow surges, and strict hauled-septage receiving restrictions). 

3. Canadian Base Operators (CBO). (2025). Corporate Site Summary: 4th Canadian Division 
Training Centre Meaford – Independent Mechanical Utilities and Sewage Infrastructure 
Frameworks. 



 
 

 
 June 2, 2026 35 
 

4. TC Energy & Stantec Consulting Ltd. (February 24, 2026). Ontario Pumped Storage Project: 
Initial Project Description. Section 3.4.3: Liquid Discharges and Off-Site Waste Diversion 
Protocols. Submitted to the Impact Assessment Agency of Canada (IAAC Ref No. 89803). 

5. Department of National Defence (DND). (2024). Real Property and Infrastructure Feasibility 
Review: Capacity Vectors for 4 CDTC Under Increased Training Baselines. Released via Access 
to Information Act provisions. 

 



June 3, 2026 1 

MEMO 

To: 

From: 

Date: 

File No.: 

Subject: 

Garry Hunter, M.A.Sc., P.Eng. 

Hunter Folkes 
Scott MacPhee, B.A.Sc., P.Eng. 
Hunter and Associates 

June 3, 2026 

22-402

Georgian Bay (Ontario) Pumped Storage – Open AI Query on Round Trip EƯiciency 
Comparison Pumped and Battery Electric Storage Systems 

Note:  1)    For each question, the AI has been prompted to provide references. 

1. Round Trip Efficiency Comparison Pumped Storage Systems (Meaford) and Battery Electric
Storage Systems (Oneida Six Nations). 

When comparing the Ontario Pumped Storage Project in Meaford (developed by TC Energy) and 
the Oneida Energy Storage Project in Southwestern Ontario (developed by NRStor, Six Nations of 
the Grand River Development Corporation, and Northland Power), Round-Trip Efficiency (RTE) is 
a central differentiator. 

RTE represents the percentage of energy that can be retrieved from a storage system relative to the 
total amount of energy required to charge it. 

1. Technical Specification Comparison

The fundamental design differences between the two facilities dictate their respective operational 
efficiencies and roles on the Ontario grid: 

Metric 
Meaford Pumped Storage 
Project 

Oneida Energy Storage Project 

Technology 
Open-loop/Closed-loop Hybrid 
Pumped Hydro Storage (PHS) 

Lithium-ion Battery Electric 
Storage System (BESS) 

Power 
Capacity 

~1,000 MW 250 MW 

Appendix H.4.C.9
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Metric 
Meaford Pumped Storage 
Project 

Oneida Energy Storage Project 

Energy 
Capacity 

~8,000 MWh (Estimated 8-
hour discharge duration) 

1,000 MWh (4-hour discharge 
duration) 

Target Grid 
Role 

Long-duration, large-scale 
asset shifting off-peak surplus 
to peak loads 

Medium-duration, fast-
responding asset for peak 
shaving and frequency balancing 

2. Round-Trip Efficiency (RTE) Deep Dive 

Meaford Pumped Storage Project (Projected RTE: 75% – 80%) 

Pumped hydro facilities are subject to mechanical and hydraulic losses during operation. The 
conversion of electrical energy into kinetic and potential energy (pumping water to the upper 
reservoir on the Meaford DND base) and back into electrical energy (releasing water through turbines 
down to Georgian Bay) incurs specific losses: 

 Frictional Hydraulics: Head loss due to friction inside the rock-bored tunnels and water 
conduits. 

 Electromechanical Losses: Inefficiencies within the pump-turbines, motor-generators, and main 
step-up transformers. 

 Target Efficiency: Typical modern PHS configurations yield an overall RTE of roughly 75% to 
80% (Cosci Press, n.d.). 

Oneida Energy Storage Project (Expected RTE: 85% – 90%) 

As a chemical battery facility using utility-scale lithium-ion chemistry (Tesla Megapacks), the Oneida 
project avoids the bulk mechanical-to-kinetic energy conversion losses of a hydro facility: 

 Inherent Efficiency: Electro-chemical cells inherently achieve a high internal efficiency of 90% 
to 95% (Cosci Press, n.d.). 

 Parasitic Load Reductions: The actual grid-to-grid round-trip efficiency drops to 85% to 90% 
once factoring in parasitic AC-to-DC conversion losses (inverters), power transformers, and 
continuous thermal management system (HVAC) draws required to keep the batteries at optimal 
temperatures. 

3. Operational Trade-Offs Beyond Efficiency 

While Oneida retains a distinct advantage in terms of pure efficiency (wasting less power during 
a complete charge/discharge cycle), the Meaford project compensates for this through scale and asset 
longevity: 

 Asset Longevity: BESS installations like Oneida experience capacity degradation over time due 
to battery cycling and chemical wear. Large-scale hydro assets like Meaford feature life cycles 
spanning 50 to 90+ years with regular electromechanical retrofits. 
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 Storage Depth: Meaford provides bulk, long-duration grid stabilization capable of handling 
prolonged renewable energy fluctuations, whereas Oneida provides short-to-medium duration 
bursts ideal for rapid ramping, frequency response, and localized peak mitigation. 
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2. What are the comparative advantages of each technology with regard to High Voltage 
Transmission access and system losses? 

When evaluating the Meaford Pumped Storage Project and the Oneida Energy Storage Project, 
High Voltage (HV) transmission network access and system losses present entirely different 
structural, geographic, and electrical challenges. 

1. High Voltage Transmission Network Access 

The geographic placement of these two facilities creates vastly different hurdles for connecting to 
Ontario's Hydro One bulk transmission grid. 

Meaford Pumped Storage: Remote & Geographically Constrained 

 The Interconnection Challenge: Large-scale Pumped Hydro Storage (PHS) is site-bound by 
topography and geography. The Meaford project is located far from major existing 500 kV or 230 
kV bulk transmission corridors. 

 Infrastructure Footprint: To inject 1,000 MW of power back into the grid, TC Energy must 
construct extensive new transmission infrastructure. The proposed route involves laying 
underwater high-voltage cables across the bed of Nottawasaga Bay, making landfall at Wasaga 
Beach, and running underground lines to connect to the existing Hydro One Transformer 
Station in Stayner (Bill, 2021). 

 Grid Reinforcement Requirements: Introducing a 1,000 MW step-change asset into a 
historically constrained regional pocket requires extensive "deliverability testing" and network 
upgrades by the Independent Electricity System Operator (IESO) to ensure the local transmission 
network doesn't bottleneck during peak pumping or generation phases (Ontario Energy Board, 
2023). 
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Oneida Energy Storage: Modular & Co-Located 

 The Interconnection Advantage: Battery Energy Storage Systems (BESS) are highly modular 
and can be strategically placed where grid infrastructure is already mature. 

 Proximity to Corridors: Located in southwestern Ontario, the Oneida project is situated directly 
within or adjacent to existing heavy transmission corridors that route electricity from large 
nuclear and gas-fired assets. 

 Turnkey Grid Integration: By utilizing pre-engineered utility-scale systems (like Tesla 
Megapacks), Oneida taps straight into the provincial network with minimal greenfield line 
construction compared to Meaford, avoiding complex, multi-jurisdictional linear right-of-way 
battles (Betermier, 2025). 

2. System Losses and Efficiency 

The physics of energy storage and movement dictates how much power is "wasted" during standby, 
transmission, and conversion phases. 

Round-Trip Efficiency (RTE) & Conversion Losses 

 Oneida (85% – 90% Efficiency): Oneida experiences minimal conversion loss because 
chemical-to-electrical transformations are highly efficient. The losses it does sustain are primarily 
"parasitic loads"—the constant energy drawn by high-voltage step-up transformers, AC/DC 
inverters, and climate control systems needed to stabilize battery temperatures. 

 Meaford (75% – 80% Efficiency): Meaford loses roughly 20% to 25% of its power simply 
converting kinetic energy back into electricity. Turbines, generators, and friction inside the 
massive rock-bored water conduits create immutable mechanical and hydraulic energy losses 
(Bahramian, 2021). 

Line Losses (Transmission-Level Inefficiencies) 

While Oneida wins on internal conversion efficiency, transmission line losses flip the advantage 
depending on the grid's immediate needs: 

[Remote Generation Source] ──(High Line Losses)──→ [Meaford (Pumps Surplus/Local Power)] 

[Local Load Center] ←──(Low Line Losses)── [Oneida (Discharges Directly into Grid Demand)] 

 Meaford (Mitigating System-Wide Curtailment Losses): The primary advantage of Meaford’s 
transmission layout is its ability to absorb massive blocks of surplus power (e.g., overnight 
nuclear or curtailed wind energy) that would otherwise be shed or exported at a loss (Bahramian, 
2021). By acting as a bulk energy sink, it minimizes system-wide losses even if its individual 
internal RTE is lower. However, moving 1,000 MW over long distances to the Stayner station 
does incur traditional I2R ohmic line losses. 

 Oneida (Minimizing Localized Distribution Losses): Because Oneida is located closer to key 
load centers and distribution networks in southwestern Ontario, it experiences significantly fewer 
line losses when discharging. It acts as a localized peak-shaving asset, delivering power directly 
where it is consumed and bypassing hundreds of kilometers of high-voltage wheeling losses. 
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Summary of Comparative Advantages 

Feature Meaford Pumped Storage Oneida Battery Storage 

HV Access 
Winner 

 

✓ Oneida (Requires far less new 
linear transmission line 
infrastructure; co-located near 
existing robust grid nodes). 

System Loss 
Winner 

 

✓ Oneida (Retains a 
significantly higher pure Round-
Trip Efficiency with lower line 
losses to local consumers). 

Grid 
Balancing 
Winner 

✓ Meaford (Absorbs massive 
bulk system surpluses that 
would otherwise be completely 
lost to curtailment). 
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Georgian Bay (Ontario) Pumped Storage – Open AI Query on Adverse Impacts on 
Civilian Lands from Activities on Federal Lands 

Note:  1)    For each question, the AI has been prompted to provide references 

1. How does the Impact Assessment Act of Canada account for adverse impacts on civilian
lands resulting from activities on federal lands? 

Under Canada’s Impact Assessment Act (IAA), the potential for a project executed on federal 
property to cause off-site, adverse environmental or socioeconomic impacts on civilian or 
provincial lands is caught by two distinct regulatory streams. 

Whether a project requires a comprehensive, full-scale assessment or a streamlined departmental 
review depends primarily on whether the activity is a Designated Project (on the federal 
Physical Activities Regulations "Project List") or a Non-Designated Project (smaller-scale 
activities overseen by a specific federal authority). 

1. Designated Projects (Full Impact Assessments)

If an activity on federal lands qualifies as a "designated project," it triggers a full review by the 
Impact Assessment Agency of Canada (the Agency). The legal mechanism that captures off-site 
impacts on civilian lands operates through the definition of "adverse effects within federal 
jurisdiction."  

 The Federal Footprint Broadener: Section 2 of the IAA dictates that if a project or physical
activity is carried out on federal lands, the definition of "adverse effects within federal
jurisdiction" expands dynamically. It includes all non-negligible adverse environmental, health,
social, or economic effects caused by the project—not just those strictly tethered to standard
federal heads of power (like migratory birds or fish habitat).

 Transboundary / Cross-Jurisdictional Scope: Because the project itself is physically situated
on federal property, any negative spillover effect—such as groundwater contamination, air
pollution, or noise vibration that travels across the property boundary onto adjacent private or
municipal lands—is legally classified as an adverse effect within federal jurisdiction. The Agency
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is mandated to assess, mitigate, and weigh these off-site civilian impacts during the public interest 
determination. 

2. Non-Designated Projects (Sections 81 to 91) 

The vast majority of physical activities on federal lands do not meet the major thresholds of the 
Project List. For these smaller projects (e.g., localized infrastructure upgrades or facilities 
operations), Sections 82 and 83 of the Act create a strict gatekeeping duty for federal authorities 
(such as the Department of National Defence, Parks Canada, or Port Authorities). 

 The Prohibition on Approval: Section 82 explicitly prohibits a federal authority from carrying 
out a project on federal lands, or exercising any power, duty, function, or providing financial 
support that would enable a project to be carried out, unless they formally determine that the 
project "is not likely to cause significant adverse environmental effects."  

 The Cross-Boundary Requirement: Operational guidance from the Impact Assessment Agency 
of Canada dictates that when a federal authority conducts a Section 82 or 83 environmental 
effects determination, it cannot limit its review to the geographic boundaries of the federal 
property. The authority must explicitly evaluate whether the environmental effects will cross into 
an adjacent jurisdiction, including private, municipal, or provincial lands. 

 Public Notification: Under Section 86, before a federal authority can finalize a determination 
under Section 82 or 83, it must post a notice on the online Canadian Impact Assessment Registry 
inviting the public to comment on the project, giving adjacent civilian landowners a statutory 
window to voice concerns regarding transboundary impacts.  
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Georgian Bay (Ontario) Pumped Storage Hydropower Project 
Open AI Query on the Resolution of Civilian Damage Claims 

Note: 1)    For each question, the AI has been prompted to provide references. 

1. How will civilian private property owners, under provincial and municipal jurisdiction,
damage claims related to Pumped Storage infrastructure works construction and 
operations on federal DND lands be equitably resolved? 

The resolution of civilian private property damage claims arising from a major infrastructure 
project—such as the proposed Ontario Pumped Storage Project—where construction occurs on 
federal Department of National Defence (DND) land but the impacts cross into provincial and 
municipal jurisdictions, is governed by a distinct intersection of Canadian constitutional, civil, 
and environmental law. 

Because the project involves a private proponent (TC Energy/TransCanada Energy Ltd.) 
operating under federal regulatory frameworks (such as the Impact Assessment Act and the 
Dominion Water Power Act) on federal land, liability and damage resolution do not fall into a 
jurisdictional vacuum. Instead, they are routed through established statutory, contractual, and 
common law frameworks to ensure equitable recourse for civilian property owners. 

1. Primary Tort Liability and the Proponent’s Role

Although the infrastructure is physically situated on federal Crown land, the project proponent 
holds a private leasehold or regulatory authorization to construct and operate the facility. Under 
Canadian common law, the doctrine of Crown immunity does not automatically extend to 
protect private corporations operating on federal property. 

 Common Law Torts: If construction activities (e.g., tunnel boring, blasting, or reservoir leakage)
cause structural damage, subsidence, or water well contamination on adjacent civilian lands,
private property owners can file claims directly against the proponent. Legally, these are pursued
under standard civil law torts, including negligence, trespass, and nuisance (the unreasonable
interference with the use and enjoyment of private land).
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 The Rule of Strict Liability: For projects involving elevated reservoirs or massive water 
diversion, the historical legal principle of Rylands v. Fletcher (strict liability for the escape of 
dangerous substances brought onto land) remains highly relevant. If water escapes from a federal 
reservoir and damages municipal or private property, the operating entity can be held strictly 
liable for the resulting downstream damages, regardless of proof of negligence. 

2. Federal Regulatory Guardrails and Interjurisdictional Conditions 

Federal approvals for major industrial projects act as a primary mechanism for safeguarding local 
communities. 

 Impact Assessment Conditions: Under the federal Impact Assessment Act, the Impact 
Assessment Agency of Canada (IAAC) routinely embeds legally binding conditions within the 
Minister’s decision statement. These conditions frequently dictate that the proponent must 
establish comprehensive mitigation, monitoring, and dispute-resolution frameworks. 

 Proponent-Led Dispute Resolution: To prevent backlogs in the provincial court system, 
proponents are often federally mandated to implement a formalized community complaint and 
claims process. This provides a direct, out-of-court mechanism for local property owners to report 
immediate construction impacts (such as well-water quality degradation or vibration-induced 
structural cracking) and receive expedited independent technical assessments and financial 
compensation. 

3. The "Honour of the Crown" and Federal Liability 

Because the facility sits on DND land, the federal government maintains a distinct legal oversight 
role. While the private proponent is the first line of defense for liability, the Crown’s overarching 
responsibilities are structured through formal agreements. 

 Indemnification Clauses: In agreements where the federal government permits commercial 
infrastructure on military or Crown land, the Department of Justice structures rigorous 
indemnification clauses. These clauses legally obligate the private proponent to assume 100% of 
the financial liability and indemnify the federal Crown against any third-party civilian property 
claims, environmental damages, or loss-of-life lawsuits stemming from the construction or 
catastrophic failure of the facility. 

 The Crown as Parens Patriae: Under Canadian jurisprudence, the Crown acts as a guardian of 
public resources. If systemic environmental degradation occurs that impacts both public assets 
and private lands, the provincial or federal Attorney General can step in under the principle of 
parens patriae to sue for damages, ensuring that broader ecological and community remediation 
costs are absorbed by the polluter, not the public (Olsynski, 2012). 

4. Municipal and Provincial Infrastructure Recourse 

Municipalities and provinces retain jurisdiction over the public roads, water systems, and 
emergency infrastructure servicing areas adjacent to federal lands. 

 Expropriation and Valuation Principles: If local infrastructure must be permanently altered or 
if private land is impacted by associated works (such as transmission lines crossing provincial 
territory), compensation is determined by provincial expropriation acts. Canadian courts 
emphasize that compensation in these scenarios must reflect "equivalent reinstatement" rather 
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than basic market value, particularly when assessing unique regional, social, or cultural 
disruptions to land use. 

 The Municipal "Deep Pocket" Context: Municipalities are occasionally drawn into regional 
liability frameworks due to local planning or infrastructure adaptations required by the project. 
However, because Canadian law sets a low threshold for municipal joint liability, municipal 
interests are typically heavily protected during the initial environmental assessment phases via 
strict road-use, boundary, and emergency response agreements funded entirely by the developer. 
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22-402

Georgian Bay (Ontario) Pumped Storage Hydropower Project 
Open AI Query on Indigenous Rights of Georgian Bay Floor near Meaford 

Note: 1)    For each question, the AI has been prompted to provide references. 

1. Has the floor of Georgian Bay near Meaford been ceded by First Nations Indigenous
Groups? 

The short answer is no, the floor of Georgian Bay near Meaford has not been ceded. 

While the dry land of Meaford and the surrounding municipal areas was part of historic land 
cessions to the Crown in the 19th century (such as Treaty 45½ in 1836), the submerged lands 
(the lakebed/floor) and waters of Georgian Bay were never explicitly surrendered by the 
regional First Nations. 

1. Context of Land vs. Water Cessions

The land surrounding Meaford and the broader Bruce (Saugeen) Peninsula is the traditional 
territory of the Saugeen Ojibway Nation (SON), which is comprised of the Chippewas of 
Nawash Unceded First Nation and the Chippewas of Saugeen First Nation (Kish, 2025; LaRiviere 
& Crawford, 2013). 

Under the framework of the Royal Proclamation of 1763, the British Crown was required to sign 
formal treaties to acquire Indigenous territories (Kastelein-Longlade, 2025). While 11 major land 
treaties were signed across the Georgian Bay area to make way for agriculture and settlement, 
these historical treaties targeted dry land boundaries. They omitted or remained highly 
ambiguous regarding the ownership of the Great Lakes water spaces and the underlying lakebeds 
(Kastelein-Longlade, 2025; Quig, 2005). 

2. The Legal Precedent and Ownership Claims

The Saugeen Ojibway Nation has long maintained that they never ceded their traditional waters 
or the submerged lands of Lake Huron and Georgian Bay, which span over two million hectares 
(Kish, 2025). 
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 The Historical Baseline: Historically, the Anishinaabe peoples exercised exclusive jurisdiction 
over these waters. In the 1830s, the SON directly leased fishing islands and stations to 
commercial settler enterprises, a right recognized at the time by the imperial government (Jones, 
2014). 

 The Priority Interest: In the landmark 1993 provincial court decision R. v. Jones and Nadjiwon, 
the court affirmed that the Saugeen Ojibway Nation holds a constitutionally protected treaty and 
Aboriginal right to commercial fishing in these waters, operating with a recognized priority 
interest in the resource (Jones, 2014). 

 The Legal Fight for Title: Building on this, the Saugeen Ojibway Nation launched a massive, 
multi-decade legal claim seeking a declaration of Aboriginal title to the lakebed of Lake Huron 
and Georgian Bay (Nowlan, 2024; Quig, 2005). They assert that the Crown does not hold 
absolute ownership of these submerged lands. 

Because the historical treaties never explicitly included or extinguished rights to the Great Lakes 
floors, the lakebed of Georgian Bay directly off the coast of Meaford remains legally unceded and 
is actively contested under Canadian constitutional law (Kish, 2025; Quig, 2005). 
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