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SUMMARY 

 
Sea ice capable of impacting marine operations occurs periodically in the most 

favourable sites for energy harvest from the tidal currents of the Bay of Fundy in 

Nova Scotia and New Brunswick.   

 

In-stream tidal current harvesting devices deployed at these sites will need to be 

engineered to tolerate at least 30% cover of sea ice 15 cm thick in floes of at least 

100 metres in length.  Propelled by tidal currents and prevailing winds, these floes 

may achieve velocities in excess of 8 knots in some locations.    

 

In very severe winters, in-stream tidal current harvesting devices may be subjected 

to periods of 70% cover of 15-30 cm rapidly moving or packed sea ice. 

 

Additional research is necessary to characterize tidal currents in the presence of ice 

and to design devices which can tolerate the sea ice conditions in the headwaters of 

the Bay of Fundy, one of North America’s greatest tidal power resources.  

  

Once ice-tolerant tidal current harvesting devices are developed, they may be 

deployable in other jurisdictions with energetic tidal flows which experience more 

severe conditions of sea ice than the headwaters of the Bay of Fundy.  

 

In North America, these locations might include Northumberland Strait (between 

Prince Edward Island and New Brunswick) , the Gulf of St. Lawrence (Quebec), the 

Strait of Belle Isle (Newfoundland and Labrador), Cook Inlet (Alaska), and Ungava 

Bay (Quebec).   

 

Beyond the North American Continent, a market for ice-tolerant tidal current 

harvesting technology may exist in other circumpolar jurisdictions with energetic 

tidal flows. 
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I. Introduction 

 
Abundant energy is the foundation of modern civilization.  In this century, new 

sources of energy must be found to replace oil and gas, which are increasingly 

problematic to extract from the earth’s crust, to transport to affluent consumers 

and to utilize without untoward environmental consequences. 

 

A portion of the energy we obtain from burning oil and gas could be replaced by 

emerging technologies which convert the kinetic energy of moving water into 

electricity.   Some of these devices convert the movement of waves into electricity  

(1,2).  Others convert the flow of tidal currents, rivers and other natural and 

artificial waterways into electricity  (3,4,18,20,22). 

 

It is theoretically possible that electricity harvested from moving water could 

significantly reduce dependence on oil and gas for electricity generation, 

transportation and, possibly, space heating.   For example,  part or all of the 

electricity generated by burning gas (or oil) might be replaced by electricity 

generated by moving water in jurisdictions with appropriate water resources.   In 

addition, the dependence of transportation on oil could be diminished if vehicles are 

powered by electricity generated by moving water or by hydrogen made from the 

electricity harvested from moving water.  Finally, under certain economic 

conditions, oil or gas space heating might be replaced by electric space heating using 

electricity generated by moving water.   

 

In Atlantic Canada (see Satellite Image One, p. 3) the most obvious undeveloped 

resource of moving water is the tidal flow in the headwaters of the Bay of Fundy (see 

Satellite Image Two, p. 4).  For example, every six hours a volume of water traverses 

the Minas Passage (see Photograph One, p.5) that is equivalent to the five-day flow 

of the St. Lawrence River at Cornwall, Ontario (reference 5, Volume One, page 8).  

In addition, the Electric Power Research Institute (EPRI), under contract to the 

Provinces of Nova Scotia and New Brunswick to inventory the tidal current 

resources in these two jurisdictions, found that the tidal currents in the Minas 

region of the head waters of the Bay of Fundy are among the most promising sites in 

North America for tidal energy harvest (6,7). 

 

Interest in converting  energy from the Fundy tides into electricity is not new.  Over 

the last century, plans to harvest  both the potential energy and the kinetic energy of 

the Fundy tides have been advanced. 

 

From the early 1900’s to the 1980’s numerous schemes were proposed, both in 

Canada and the United States, to capture the potential energy of the Fundy high  

tides using barrages, or dams (14).  In the early 1980’s, a 20 MW pilot barrage 

project was completed at Annapolis Royal, Nova Scotia (13,14). Today the 

Annapolis Royal Tidal Generating Station remains the second largest grid- 
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connected tidal power installation in the world.   However, both the capital cost and 

environmental impact of this tidal power station have deterred the construction of 

larger facilities based on similar technology. 

 

One very positive result of the historical interest in barrage technology is a 

feasibility study done in the late 1960’s by the governments of  New Brunswick, 

Nova Scotia and Canada.  The report of this study, entitled  Report to Atlantic Tidal 

Power Programming Board on Feasibility of Tidal Power Development in the Bay of 

Fundy (5), contains approximately 1500 pages of  information on the Fundy region, 

including the most comprehensive descriptions of the sea ice conditions in the Bay of 

Fundy headwaters available (see reference 5, Satellite Image Two (p. 4), Figures 

One-Five and Appendix Two).    

 

A device to convert the kinetic energy of the tidal currents in the Bay of Fundy into 

electricity was developed about 90 years ago.*   Between 1915 and the early 1920’s, 

Ralph P. Clarkson, a physics professor at Acadia University in Wolfville, Nova 

Scotia, and several colleagues designed, patented and tested what was perhaps the 

world’s first in-stream tidal current device, the Clarkson Current Turbine (23).  

This device was to be installed in the Minas Passage (see Photograph One ,p. 5, and 

Satellite Image One, p. 3) to produce electricity for the Nova Scotia power grid at 

Cape Split.  Unfortunately, the wooden prototype, which had been successfully 

tested, caught fire in 1920, and there was insufficient venture capital to replace it.  

 

Professor Clarkson was certainly prescient in his proposal to harvest electricity 

from the tidal flow in the Minas Passage some 90 years ago.  Today’s emerging 

technologies (3,4,18,20,22) are in principle similar to the Clarkson Current Turbine 

(24).  These modular technologies are designed to convert the kinetic energy of 

flowing water into electricity with relatively minor environmental impacts and at 

much lower capital costs than barrages.  However, to harvest the huge tidal energy 

resource in the headwaters of the Bay of Fundy, including the Minas Passage, these 

in-stream tidal current harvesting devices must be able to tolerate the seasonal 

presence of sea ice (see below, sections II and III). 

 

We document here the occurrence of sea ice in the sites on the Bay of Fundy in New 

Brunswick and Nova Scotia most suitable for tidal energy harvest.  We recommend 

the development of sea-ice tolerant in-stream tidal current devices for deployment  

in the Bay of Fundy and, subsequently, in tidal-rich jurisdictions with more severe 

conditions of sea ice, in order to harvest the global resources of this alternative 

energy source. 

* 
  Underflow water wheels harvesting kinetic energy from the in-coming Fundy tide 

  probably operated prior to 1900. This technology was used to generate 

  mechanical energy, rather than electricity, and is not discussed here. 
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Satellite Image One 

Atlantic Canada 

 

 
 

Legend to Satellite Image One  

 

A view of Atlantic Canada.  Provincial jurisdictions and several locations having 

potential for tidal energy harvest are indicated. 

 

NB= New Brunswick; NL= Newfoundland and Labrador; NS= Nova Scotia; PEI= 

Prince Edward Island; PQ= Province of Quebec. 

Modified from Google Earth (17). 
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Satellite Image Two 

Bay of Fundy Headwaters 

 

 
 

Legend to Satellite Image Two 

 

A view of the headwaters of the Bay of Fundy with the major tidal power sites 

included.  Shepody Bay and Cape Enrage are located in the province of New 

Brunswick.  Cobequid Bay, the minas Passage and the Minas Channel are located in 

the province of Nova Scotia.  The Cumberland Basin is shared by both New 

Brunswick and Nova Scotia.  The location of the town of Hantsport, Nova Scotia, is 

indicated for reference in section III.,D., this report.  Modified from Google Earth 

(17). 
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Photograph One 

THE MINAS PASSAGE 

(See Table One) 

 

 
 

Legend to Photograph One 

The region between Cape Sharp and Cape Split is known as the Minas Passage.   

 

Every 6 hours and 12 ½ minutes an estimated 105 billion cubic feet of water 

traverses the Minas Passage.  This is equal to the 5 day flow of the St. Lawrence 

River at Cornwall, Ontario (ref. 5, Volume 1, page 8). 

 

The Electric Power Research Institute (EPRI) has described  the Minas Passage as 

the most energetic tidal power site in the Bay of Fundy, and perhaps the most 

energetic site in North America (Table One and reference 6 pages 3 and 14; 

reference 7, page 11).   

 

Photo: Ron Garnett – AirScapes www.airscapes.ca ; used with permission. 
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Table One 

SEA ICE IN THE BAY OF FUNDY 

AT SITES WITH HARVESTABLE TIDAL CURRENTS 
                                                                       
        Site*                                     Energy Harvest*                               Sea Ice**                                                                      

                                                                 1968-2005 

Minas Passage                                  333 MW                                           Yes 

  Nova Scotia 

Minas Channel                                 262 MW                                           Yes 

  Nova Scotia 

 

Cape Enrage                                      30 MW                                            Yes 

   New Brunswick  

Petit Passage                                      18 MW                                             No 

   Nova Scotia 

Head Harbour Passage                     14 MW                                             No 

   New Brunswick 

Shepody Bay                                      13 MW                                            Yes 

   New Brunswick 

Cumberland  Basin                           13 MW                                            Yes 

    NS/NB 

Cobequid Bay                                    13 MW                                            Yes 

   Nova Scotia 

Grand Passage                                   13 MW                                            No 

  Nova Scotia 

Western Passage                               10.8 MW                                          No 

  New Brunswick 

Digby Gut                                           9.8 MW                                           No 

  Nova Scotia 

Letete Passage                                    4.2 MW                                           No 

  New Brunswick 

Lubec Narrows                                    1.2 MW                                          No 

  New Brunswick 

St. John River, NB                 [Not Reported by EPRI]                            No 
* 

 The Electric Power Research Institute (EPRI), under contract to the governments of New Brunswick and Nova   

Scotia, has identified the fourteen sites listed in Table One in New Brunswick and Nova Scotia on the Bay of      

Fundy as having harvestable tidal currents (6,7).   

The Energy Harvest data presented in column two are also from EPRI (6,7) and are used here only to indicate 

the energy resource size at the various sites relative to one another (see below, ‘Legend to Table One’, subsection 

entitled ‘Energy Harvest’. 

** 

 Data from The Canadian Ice Service, Ice Archive (reference 12 and Appendix One, this document) and 

Report to Atlantic Tidal Power Programming Board on Feasibility of Tidal Power Development in the Bay of 

Fundy, Appendix 3, Ice and Sediment, by the Atlantic Tidal Power Programming Board, October, 1969 

(reference 5 and Appendix Two, this document). 
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Legend to Table One 

 

The most promising sites for tidal current harvest in the Bay of Fundy in New 

Brunswick and Nova Scotia are presented in column one of Table One.  These sites 

are listed from the most energetic to least energetic.  The sites presented in red 

periodically experience sea ice capable of impacting marine activities. 

 

 

 

Sea Ice 
 

The Minas Passage, the Minas Channel, Cape Enrage, Shepody Bay, the 

Cumberland Basin and Cobequid Bay all periodically experience 30% cover of sea 

ice 15 cm thick in floes of at least 100 metres in length (see Appendix One and 

section II.,E.,1., p. 14, this document).  These ice floes may move under the influence 

of tidal currents which can exceed 7 knots and sustained winds which can exceed 50 

MPH (reference 5, Appendix 4). 

 

During very severe winters, the red sites in Table One may experience 70% cover 

with ice greater than 30 cm in thickness (reference 5 and Appendix Two, pages A3-4 

and A3-17).  

 

Inspection of the red sites in Table One reveals that approximately ninety percent of 

the harvestable tidal current energy in the Bay of Fundy in Nova Scotia and New 

Brunswick occurs at sites which experience sea ice capable of impacting marine 

operations. 

 

In-stream tidal current harvesting devices in the Minas Channel and the Minas 

Passage, as well as those at Cape Enrage and in Cobequid Bay, Shepody Bay and 

the Cumberland Basin should be designed to tolerate the conditions of sea ice 

occurring at these sites during January, February and March of some years.   

 

Please note that Table One is a minimal statement of the winter ice conditions 

in the Bay of Fundy. The word “No” in column three of Table One means that 

sea ice has not been reported at a site in the references used to prepare Table 

One.  However, ice in the Bay of Fundy has historically been under-reported to 

the Canadian Ice Service (see below, section II., C.  Data from 1969-2000, p. 

11, this document), and it is possible that ice occasionally occurs at the sites 

represented in Table One as having no sea ice. 
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(Legend to Table One, cont.) 

 

Energy Harvest 
 

The work by EPRI to calculate the size of tidal current resources (6,7) is pioneering, 

but should be confirmed in field studies.   For this reason, the energy harvest data  

presented in column two are used only to indicate the approximate energy resource 

size at the various sites relative to one another.   

 

Uncertainty in EPRI’s  energy harvest numbers is suggested by the variety of 

assumptions used in their calculation.   Some of these assumptions underlie the 

calculation of the size of the tidal current resource at each site.  Other 

assumptions are used in the calculation of the percentage of the tidal current  

energy which can be harvested without untoward environmental or ecological 

impacts.  Additional assumptions are based on the performance of the latest 

generation of tidal current harvesting devices, most of which have not  been 

deployed in full scale and none of which has been installed at the device 

densities used in EPRI’s energy harvest calculations. For additional discussion 

of the assumptions used in EPRI’s pioneering calculations of tidal energy, 

please see reference 21. 

 

We would, of course, like to know the potential contribution of tidal current power 

to society’s electrical requirements (see Introduction, paragraph three, p. 1, this 

document).  Consider, for example, the jurisdiction of  Nova Scotia, where Nova 

Scotia Power Incorporated (NSPI) provides more than 97% of the province’s 

electric generation, using 2,293 MW of  installed capacity (13).  Twenty seven 

percent of this generating capacity utilizes oil and gas (13).   

 

It is not inconceivable that in Nova Scotia the electricity generated from the two 

most energetic sites in the Bay of Fundy, the Minas Channel and the Minas Passage, 

could replace the electricity presently obtained from oil and gas, supplies of which 

are likely to be exhausted in this century (see Introduction, paragraph one, p. 1, this 

document).  

 

In this regard it is worth noting that the use of supplemental electricity generated 

from the tidal currents at the Minas Channel and the Minas Passage would be 

facilitated by employing pumped storage to re-time tidal generation so that the 

supply of electricity to the provincial grid could respond to consumer demand. 
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II. Documenting Ice in the Bay of Fundy 

 
A. Data for 2001-2005 (The Canadian Ice Service on line  and 

Appendix One) 

 

Data from the Ice Archives of the Canadian Ice Service for the Bay of Fundy for the 

years 2002-5 are presented in Appendix One. 

 

In 2001 there were no reports of ice in the headwaters of the Bay of Fundy. 

 

During February, 2002, Cobequid Bay, Shepody Bay and the Cumberland Basin 

experienced greater than 90% ice cover with 30% of this ice 10-15 cm thick in 20-

100 metre floes (see Appendix One). 

 

In 2003 Cobequid Bay, the Minas Passage, the Minas Channel, Cape Enrage, 

Shepody Bay and the Cumberland Basin (i.e., all the red items in Table One) 

experienced at least a 30% cover of 15 cm ice in floes at least 100 metres in the 

longest horizontal dimension.   

 

In 2004 the Minas Passage, Cobequid Bay and the Cumberland Basin experienced 

30% cover of 15 cm thick ice in 100metre floes. 

 

In addition, at various times during 2003 and 2004, a 20% cover of ice at least 15 cm 

thick in 100 metre floes was present at all six of the sites in red in Table One (see 

Appendix One).  

 

In 2005, almost all sites listed in Table One (p. 6) experienced “open water” in 

February.  “open water” is defined as less than 10% ice cover and is distinct from 

“ice free” (reference 19, p. I-9).  We assume that the expression “open water” does 

not denote ice infestation sufficient to impact marine activities.  Therefore, 2005 is 

not registered here as having a significant (see section II.,E.,1., p. 14 for definition of 

significance) ice infestation in the Bay of Fundy headwaters. 

 

In summary, examination of the data in the Ice Archives of the Canadian Ice 

Service indicates that in three of the last five years (2002, 2003 and 2004) significant 

(p. 14) ice has been reported in the head waters of the Bay of Fundy.  The reader is 

directed to Appendix One for a more complete picture of the occurrence of sea ice in 

the headwaters of the Bay of Fundy between 2002 and 2005 (inclusive). 

 

 

B.   Data from 1968 (Figures 1-5 (below), Appendix Two (this document) 

and reference 5) 
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Figures One-Five are adapted from reference 5, Report to Atlantic Tidal Power 

Programming Board on Feasibility of Tidal Power Development in the Bay of Fundy. 

This study, funded by the Government of Canada, the Province of New Brunswick 

and the Province of Nova Scotia, documents in great detail the ice conditions in the 

Chignecto and Minas branches of the Bay of Fundy in the winter of 1968.  Data 

collection was by both aerial surveillance and ground reconnaissance.  The winter of 

1968 was one of the coldest on record. 

 

Figure One shows the ice conditions in the upper Bay of Fundy on seven days in 

January, February and March of 1968.  The diagrams indicate that ice over six 

inches (15 cm) thick covered 70% of Shepody Bay, Cape Enrage, the Cumberland 

Basin, the Minas Channel, the Minas Passage and Cobequid Bay during February 

and March.  The most extensive ice cover occurred during the week of February 29, 

1968, “when Chignecto Bay, Minas Basin, Passage and Channel were 70 to 90% 

covered with medium and thick winter ice” (Appendix Two, p. A3-4, this report), 

and may not be reflected on the diagram of that date in Figure One.  (N.B. The 

expression “Chignecto Bay” subsumes Shepody Bay, Cape Enrage and the 

Cumberland Basin.) 

 

Figures Two thru Five show the EPRI harvest sites superimposed on ice maps of the 

headwaters of the Bay of Fundy on March 8, 1968. 

 

Figure Two shows the ice conditions in the Minas branch of the Bay of Fundy on 

March 8, 1968.  The EPRI harvest sites (6) in the Cobequid Bay, the Minas Passage 

and the Minas Channel are superimposed on this ice map.  Figures Four and Five 

are enlarged (and hopefully somewhat more readable) versions of this ice map for 

the Minas region and the Cobequid Bay. 

 

Figure Three is an ice map of the Chignecto branch of the Bay of Fundy on March 

8, 1968.  This figure has the EPRI harvest sites (7) superimposed in Shepody Bay, 

Cumberland Basin and Cape Enrage.   

 

By inspection of Figures One-Five, it is obvious that significant accumulations of ice 

were present at all the sites proposed by EPRI for tidal current energy harvest in 

the upper reaches of the Bay of Fundy during January, February and March of 

1968.   

 

As noted above, these six sites—three in the Minas Branch and three in the 

Chignecto Branch of the Bay of Fundy—constitute over 90% of the energy EPRI 

feels is extractable from the Bay of Fundy in New Brunswick and Nova Scotia  

(Table One (p. 6) and references 6,7). 
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By way of comparison with the data from the Canadian Ice Service for 2001-2005 

(discussed above section II., A., p. 9 this report), the accumulations of ice in 1968, as 

documented in the 1969 feasibility study,  seem to exceed those of 2003 and 2004.  

This might be due to the exceptionally cold winter in 1968 or, perhaps, to the 

occurrence of global warming in the years since 1968. 

 

 

 

C. Data from 1969-2000 (The Canadian Sea Ice Climate Atlas) 

 

The Canadian Ice Service did not consistently receive reports of ice in the Bay of 

Fundy between 1970 and 2000 (11) .  These incomplete reports were used to produce 

The Canadian Sea Ice Climate Atlas.+  Hence, this document is a minimal statement 

of ice in the Bay of Fundy for the period 1970-2000. 

 

With the understanding that the following six charts from the Canadian Ice Atlas 

under-represent both the frequency and the extent of ice in the Bay of Fundy, the 

following interpretations  of Figures Six thru Eleven are presented. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

+ 

   Erratum for Sea Ice Climate Atlas – East Coast of Canada 1971-2000: “Please note 

that ice in the Bay of Fundy area has not been reported consistently in the period 

1971-2000.  Consequently, the atlas products are not reliable in that area” (11).  
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Figures 6, 7 and 8 suggest that sea ice has been present in both the Chignecto  and 

Minas branches of the Bay of Fundy during January, February and March in 1-

15% of the years between 1971 and 2000.  The actual occurrence is likely higher 

than 15% over this period, since ice in the Bay of Fundy area  was reported 

inconsistently to the Canadian Ice Service (p. 11, this report). As noted above 

(section II.A., p. 9, this report), sea ice occurred in the headwaters of the Bay of 

Fundy in three of the last five years.  
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Figures 9, 10 and 11 provide information about the nature of the ice which occurred 

in the headwaters of the Bay of Fundy between 1971 and 2000.  During January, 

February and March, the ice was either New Ice, Grey Ice or Grey-White Ice.  

According to Environment Canada’s Fact Sheet on Sea Ice Symbols (see Appendix 

One, 1., this document), New Ice is less than 10 cm thick, Grey Ice is 10-15 cm thick 

and Grey-White Ice is 15-30 cm thick.   

 

Inspection of Figures 9-11 suggests that New Ice, Grey Ice or Grey White Ice were 

reported in the Cobequid Bay, the Minas Passage, Cape Enrage, Shepody Bay and 

the Cumberland Basin  at some time during January, February or March in the 

period from 1971 to 2000.  

 

By way of comparison with the data in Figures 9-11, note that some of the ice in the 

Bay of Fundy headwaters during the winter of 1968 was thicker than 30 cm (12 

inches).  (See Figures One thru Five, this document, where ice thicker than 30 cm is 

called Thick Winter Ice.   See also the discussion of the 1968 ice in Appendix Two, 

this document, pages A3-4 and A3-17, first complete paragraph.)  As noted above 

(section II.,B., p. 11, this report), the winter of 1968 may have been exceptionally 

cold or there may now be a trend to less ice formation due to global warming. 

 

 

D. Impressions of an Eye Witness 

 

1. Captain Lloyd McLellan (15) 

 

In December, 2005, Captain Lloyd McLellan retired as Captain of the Spanish Mist, 

a tug boat owned by Fundy Gypsum Company in Hantsport, Nova Scotia, after 37 

years of service.   

 

Hantsport  is located in the Minas Basin (see Satellite Image Two, p. 4), and cargo 

ships must pass through the Minas Channel and the Minas Passage  to reach Fundy 

Gypsum’s loading dock (see Satellite Image Two (p. 4), Photograph One (p. 5 ) and 

Table One (p. 6)). Fundy Gypsum ships rock from its facility in Hantsport and uses 

the Spanish Mist to assist cargo vessels as they traverse the Minas region of the Bay 

of Fundy to approach its dock.  Cargo ships dock on the rising tide and sail at high 

tide.  Approximately 40,000 tons of gypsum is loaded in less than three hours (16).   

 

Captain McLellan’s report is that the approach of cargo ships to Fundy Gypsum’s 

docking facility is obstructed by ice approximately one year in three.  Some years 

cargo ships have had to wait two or more weeks for the ice to clear so they could 

reach the dock in Hantsport.   
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However, in Captain McLellan’s experience, the Minas Passage is only obstructed 

with ice for days—not weeks---as is the case with the approach to Fundy Gypsum’s 

dock in Hantsport.  Under certain conditions, winds can blow ice into the Minas 

Passage, perhaps even overcoming the force of the incoming tide to temporarily 

obstruct this waterway.  His feeling is that the strong tidal currents in the Minas 

Passage will often rapidly clear out the obstructing ice. The ice being cleared is 

sometimes “moving pretty fast” as it exits the Minas Passage.  The velocity of ice 

movement has obvious implications for the design of tidal current devices (see 

below, section II.,E.,1.,b., p. 15 and section III.,D., p.  16). 

 

E.  Findings 

 

1. Significant sea ice occurs periodically in the tidal power-rich 

sites of the Bay of Fundy 

 

Both the records of the Canadian Ice Service (see Figures Six—Eleven and 

Appendix One) and the ice survey done in 1968 by the Tidal Power Board (see 

Figures One—Five and Appendix Two) suggest that significant sea ice has occurred 

in the head waters of the Bay of Fundy during some winters between 1967 and 2006. 

This conclusion is supported by the eyewitness report of Captain McLellan (section 

III.,D, above).  

 

“Significant” sea ice is defined [here as sea ice present in floes which are at least 15 

cm thick and which are at least 100 metres in their longest surface dimension and 

which cover at least 30% of the total water surface.  Ice floes of these dimensions 

would be likely to impact many marine activities, including the shipping of gypsum 

rock  and the harvest of tidal energy. 

 

The precise frequency of significant sea ice in the Bay of Fundy headwaters from 

1967 to 2005 remains uncertain.  Consistent records of ice in the Bay of Fundy are 

only available for 2001-2005 (11,12 and section II., A. and II., C. above) and for 

1968 (reference 5, Figures One thru Five and Appendix One, this document).    

However, there is both systematic and anecdotal evidence that in three of the last 

five winters “significant” sea ice infestations occurred at some of the most promising 

sites for tidal power harvest in the headwaters of the Bay  of Fundy.   

 

In one of the last five years, 2003, significant ice infestations occurred at all six of the 

most promising sites (Minas Passage, Minas Channel, Cape Enrage, Shepody Bay, 

Cumberland Basin, and Cobequid Bay—see Table One) for tidal power harvest in 

the headwaters of the Bay of Fundy (see Appendix One), as it did in the winter of 

1968 (see Figure One).  

 

And in 2004 three sites, Cobequid Bay, Minas Passage and Cumberland Basin met 

the criteria for significant sea ice infestation.  
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In addition, 2002 experienced ice conditions at some sites (Shepody Bay, 

Cumberland Basin and Cobequid Bay) which would probably impact tidal current  

harvesting activities [i.e., 30% cover with 10 cm ice in 20 metre floes (see Appendix 

One)], although this infestation does not reach the definition of significance given on 

the preceding page.   

 

Moreover, it is conceivable that ice from the three sites infested in 2003 and the 

three sites infested in 2002 could impact tidal current energy harvest at the other 

tidal current sites in the Bay of Fundy headwaters, if the ice were to move to (or 

through) the other sites under the force of tidal currents or prevailing winds. 

 

 

a. Tidal power devices deployed at these sites would 

have to tolerate these ice conditions periodically 

         

As illustrated in Table One (p. 6), the headwaters of the Bay of Fundy contain some 

of the most promising sites to harvest tidal energy in North America.   Any devices 

installed in these sites would minimally have to tolerate conditions similar to the 

30% cover by 15 cm thick sea ice in 100 metre floes that occurred in 2003.  To 

ensure longer operational life, tidal current devices should be capable of 

withstanding the thicker sea ice, the more extensive cover and the larger floes which 

occurred in 1968 (see figures One-Five and Appendix Two, pages A3-4 and A3-17). 

 

 

b. Tidal power devices deployed in the headwaters of 

the Bay of Fundy would also have to tolerate the 

movement of significant sea ice    

 

The velocity of sea ice movement would be an additional engineering consideration 

in the design and deployment of in-stream tidal current devices in the headwaters of 

the Bay of Fundy.  The floes of ice in the Bay of Fundy are carried by tidal currents 

and driven by wind.  When these forces worked in unison, ice velocities in excess of 

8 knots might be attained.  Tidal current devices for deployment in these sites 

should be designed to tolerate the presence of rapidly moving sea ice and/or the 

pressure of ice packed by winds and tidal currents.   

 

Additionally, circular tidal currents, particularly acting in highly energetic but 

spatially constricted regions such as the Minas Passage (Photograph One, p. 5; 

Table One, p. 6, line one), might cause sea ice floes to exert grinding forces on 

objects they contact, including components of tidal current harvesting devices.  

 

In summary, tidal current devices should be designed to tolerate the presence of 

rapidly moving sea ice and ice packed by wind and tidal currents, if they are to be 

deployed in the headwaters of the Bay of Fundy. 
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III. Harvesting Tidal Current Energy in the Presence of Sea Ice. 
 

 
A. Introduction 

 

There are several obvious ways the presence of sea ice could  impact the harvest of 

in-stream tidal energy.  First, the presence of ice floes could alter the kinetic energy 

available for harvest by in-stream devices.  Second, the presence of ice could reduce 

the weather windows for installation, maintenance, repair and overhaul of in-stream 

tidal current devices. Third, ice could make physical contact with the tidal current 

harvesting device.   

 

B. Impact of sea ice on the tidal current resource 

    

It is important to characterize the impact of ice floes on the tidal current resource in 

the headwaters of the Bay of Fundy.  This characterization should begin with 

experiments to measure the tidal current resource as a function of depth—i.e., from 

the water’s surface to the sea floor—in the absence of sea ice.  This information 

would be particularly important in the Minas Passage, parts of which exceed 100 

metres in depth (5,6).   

 

Similar depth-experiments can then be performed in the presence of ice. The impact 

of ice on the tidal current resource can be determined by comparing the size of the 

resource in the presence and absence of ice. 

  

C. Impact of sea ice on access to the tidal current resource 

 

The seasonal presence of sea ice will make the installation, repair, maintenance and 

overhaul of tidal current devices more challenging.  Installation and routine 

maintenance could be scheduled during spring, summer and fall.  Repairs during 

January, February and March might be minimized by the use of proven technology 

with high redundancy and low maintenance requirements.    

 

D. Physical contact between the harvesting device and sea ice 

 

The sea ice conditions at the most promising sites need to be characterized by 

further research.  These sites would include, but perhaps not be restricted to, the 

Minas Passage and the Minas Channel in Nova Scotia and Cape Enrage in New 

Brunswick.   

 

Damage to tidal power harvesting devices, and/or their appendages, could occur 

from physical contact with sea ice.  The extent of damage would depend on the 

design of the device and the momentum of the sea ice.   
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It is important to note that both the mass and the velocity of sea ice must be 

determined.  This report has emphasized the mass of ice present in the headwaters 

of the Bay of Fundy.  However, as noted above, the tidal currents in the headwaters 

of the Bay of Fundy can exceed 7 knots (5,6,23) and produce non-linear flow 

patterns (Photograph One, p.5, and reference 5), which could grind sea ice against 

tidal energy devices. 

 

In addition, wind may affect both the velocity and direction of ice floes both during 

tidal ebb and flow and at slack tide.   Research on the consequences of collisions  of 

sea ice with tidal harvesting devices and/or their appendages would need to include 

studies of prevailing winter winds. 

 

Perhaps the most obvious method of avoiding physical contact between ice floes and 

in-stream tidal current harvesting devices would be to install the devices 

underwater, below the draught of sea ice (and any recreational or commercial 

vessels, if the tidal harvest area is also used for these purposes).   

 

Theoretically, such devices could either rest on the sea floor or be tethered at an 

appropriate depth below the sea surface.  In either case, access to the device for 

servicing and maintenance will be increasingly restricted the further from the 

water’s surface it is positioned.  On the other hand, the further the device is from 

the water’s surface, the less likely contact with sea ice will be. 

 

The inverse relationship between accessibility and protection has obvious design 

implications.  For example, if accessibility is the paramount concern, in-stream tidal 

current devices which breech the water’s surface would be a logical choice.  

However, in circumpolar climates, these devices will need to be engineered to 

tolerate ambient surface ice conditions.   This type of arctic engineering project has 

succeeded both in Atlantic Canada and elsewhere in North America. 

 

The Confederation Bridge, which spans Northumberland Strait (see satellite Image 

Two, p. 4) between New Brunswick and Prince Edward Island, is an example of a 

structure engineered to tolerate more severe ice conditions than those in the 

headwaters of the Bay of Fundy in New Brunswick and Nova Scotia (see Figures 

One thru Eleven, Appendix Two (this document) and reference 8). The engineering 

principles developed for the Confederation Bridge could be applied to the design of 

ice-tolerant tidal current devices which breech the water’s surface.  

 

Another example of successful arctic engineering is provided by the off shore oil and 

gas platforms in Cook Inlet, Alaska.  These structures were designed to withstand 

the forces imposed by moving ice packs more formidable than those found in the 

Bay of Fundy, and “The fact that there are now hundreds of platform-years of 

performance experience without a major failure testifies to the competence of the 

structural designs.” (ref. 9, p. 17 [emphasis added]). 
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On the other hand, if the major consideration is protection from contact with sea 

ice, this may be achieved by reducing device accessibility.  However, location below 

the water’s surface requires that tidal current devices be designed using proven 

technology and with adequate redundancy to obviate the need for service during 

periods of ice infestation (see section III., C., p. 16).   

 

It is quite possible that both surface (3,4) and submerged (18, 20,22) designs will 

find applications in harvesting tidal energy from ice-infested waters.  For example, 

the physical characteristics of some micro-environments may favour installation of  

surface designs, while other microenvironments are better suited to the deployment 

of submerged devices. 
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Satellite Image Three 

 

SOME NORTH AMERICAN TIDAL CURRENT 

SITES WITH SEA ICE 

 

 
  

Legend to Satellite Image Three 

 

A view of northern North America with some tidal current sites which experience 

seasonal sea ice. 

 

Modified from Google Earth (17). 
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E. Conclusion 

  

Developing techniques to harvest tidal current power in the Bay of Fundy in the 

presence of sea ice could serve as a preliminary to the harvest of tidal current 

energy under more severe conditions of sea ice.  Arctic engineering might eventually 

access the more challenging tidal currents in other jurisdictions such as Cook Inlet 

(Alaska) (9), Ungava Bay (Quebec) (10), the Straits of Belle Isle (Newfoundland and 

Labrador), the Gulf of St. Lawrence (Quebec) and Northumberland Strait (Prince 

Edward Island/New Brunswick) (8) (see Satellite Image Three, p. 19).   

 

Beyond the North American Continent,  other circumpolar jurisdictions with 

energetic tidal flows may also become markets for ice-tolerant tidal current 

harvesting technology.  In these jurisdictions it is possible that tidal power can 

replace the energy now obtained from non-renewable resources such as oil and gas.  
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