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Table #1 Goldbrook Lake Watershed

Water Balance from Average Precipitation Data

Month Watershed Total Precipitation Goldbrook Lake 

Size Anticipated Withdrawals

(@ 100,000 litres per day)

1 2 3 4 5 6 7 8

(C2 x C4) (C5 x 60%) [(C7/C6) x 100]

point Goldbrook Lake @50% of total precipitation

10 Year Average Watershed

Total

square metres millimetres metres m3 m3 m3 per month %

January 9,800,000 115.9 0.12 1,136,016 568,008 4,800 0.8

February 9,800,000 107.4 0.11 1,052,618 526,309 4,800 0.9

March 9,800,000 99.9 0.10 978,824 489,412 4,800 1.0

April 9,800,000 110.3 0.11 1,080,548 540,274 4,800 0.9

May 9,800,000 116.0 0.12 1,136,473 568,237 4,800 0.8

June 9,800,000 101.8 0.10 997,531 498,766 4,800 1.0

July 9,800,000 86.7 0.09 849,464 424,732 4,800 1.1

August 9,800,000 121.1 0.12 1,186,388 593,194 4,800 0.8

September 9,800,000 91.8 0.09 899,934 449,967 4,800 1.1

October 9,800,000 169.9 0.17 1,664,653 832,326 4,800 0.6

November 9,800,000 171.3 0.17 1,678,495 839,248 4,800 0.6

December 9,800,000 160.6 0.16 1,573,635 786,818 4,800 0.6

Totals annual totals 1,452.5 1.453 14,234,579 7,117,289 57,600

Notes: 1) Climate data is from the Malay Falls Climate Station (Years 2004 to 2014). 

Monthly Water 

Withdrawals/Run-

Off to Goldbrook 

Lake

Estimated Surface Run-

off at Withdrawal Point 

A

@ 160,000 

litres per day
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4.0 Wetlands 
 

 There are significant wetlands 800 metres to the west, 900 metres to the 
east and 600 metres to the northwest of the 2018 drill program area, but no 
wetlands within the 2018 Drill Program Area (Figures #5 and #6).   

 

 
 
 
 
5.0 Fisheries and Oceans Canada Requirements 
 
 The Department of Fisheries and Oceans (DFO) has prepared the 

Freshwater Intake End-of-Pipe Fish Screen Guideline to assist in the design 
and installation of intake fish screens where freshwater is extracted from fish-
bearing waters.  

 
 The objective of the guideline is to provide a National standard-of-practice 

and guidance for end-of-pipe fish screens at freshwater intakes to prevent 
potential losses of fish due to entrainment or impingement. 
 

 Information that should be provided to facilitate evaluation of an end-of-
pipe intake screen design intended for fish protection during a freshwater 

withdrawal is highlighted below.   
 
 In July of 2017, Gemtec Ltd. conducted an aquatic habitat assessment of 

Goldbrook Lake and the upper reaches of Goldbrook to determine the presence 
of fish and fish habitat1.  The results of this assessment determined that 
Goldbrook Lake and Gold Brook contain fish habitat and are fish-bearing.  

Three species of fish were captured and identified as Brook Trout (Salvelinus 
fontinalis), Banded Killfish (Fundulus diaphanus) and American eel (Anguilla 

rostrate).   
 
 The end of pipe intake consists of a steel, perforated screen with a capped 

end.  The screen is 0.12 metres long, 0.18 metres in diameter with round 4 cm 
clots with an estimated open area of 50% of the screen (Photograph #4).  The 

following summarizes the characteristics of the screen.  
 
  

                                       
1 Gemtec Limited (2017): Ecological Baseline Studies, Anaconda Mining Inc.’s Goldboro Mine 

Property, Goldboro, Nova Scotia, October 18, 2017; Prepared for Anaconda Mining Inc. 

Project No. 80016.08 
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 Length = 0.12 metres 
 Diameter = 0.18 metres 
 Area = 0.12 square metres 

 Open Area = 0.06 square metres (based on 50% open area) 
 

  

 
 

Photograph #4  Pump Intake 
 

 
 
Considering the maximum daily demand of 160,000 litres per day (1.8 litres per 

second), the DFO Guidelines would require a minimu of 0.01 square metres of 
open area within the intake screen.  The intake screen to be used in this project 

has an open area of 0.06 square metres which is significantly larger than the 
minimum required by DFO.  
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6.0 Monitoring, Contingency and Conservation Plans 
 

6.1 Monitoring Plan 
 
 The daily water withdrawals will be calculated by utilizing the 12-hour 

shift reports and the known pump rate of the water pump to determine the 
daily withdrawals.     

 
 
6.2 Contingency Plan 

 
 In the event, the drill rig pump is not able to deliver water to the rig(s), 

drilling water will be trucked-in from another approved source.  
 
 

6.3 Water Conservation Plan 
 
 The drillers will ensure that only the amount of water needed for the 

drilling process will be used.  Whenever the drilling process is suspended for a 
significant period of time, the water pump will be turned off.   
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8.0 EXISTING ENVIRONMENT 
 
8.1 AREA GEOGRAPHY 
 
The proposed Keltic Site and water supply Study Area (the Keltic Study Area) is found in 
Guysborough County, covering a total surface area of approximately 300 square km (km2) near 
Goldboro, Nova Scotia and surrounding areas in the south. 
 
The Keltic Study Area is located within the Southern Upland physiographic region (see Figure 
8.1-1).  
 
The topography in this region is somewhat varied.  The surface is much like a plateau with long, 
low ridges running southeast-northwest.  The soil is generally thin and acidic.  The intervening 
hollows are swampy flats that have their long axes generally oriented parallel to the strike of 
bedrock strata.  Drainage is poor because of deposits of glacial drift.  Peat bogs are common 
and in some areas there are wide level expanses of heath and meadow.  
 
Chains of lakes, streams, and still-water occur.  River channels are shallow because the 
streams run down tilted erosion plains, across bedrock folds, and layers of resistant strata.  The 
area is mainly forest country. 
 
8.1.1 Population Distribution 
 
The communities present within the Southern Upland in the Keltic Study Area are mostly small 
hamlets consisting of few homes, a gas station, and a general store which service a greater 
population that is distributed primarily along the major paved roads, Route 316 mostly. 
 
8.2 EXISTING AND PLANNED LAND USE 
 
8.2.1 Proposed Keltic Industrial Site 
 
Prior to the Keltic proposal, the Municipality of Guysborough County was instituting an industrial 
strategy for the region.  Construction of the SOEP gas plant in the Goldboro Industrial Park has 
spurred expansion of the current industrial site to include land for the proposed Keltic 
development, which includes a Petrochemical Complex and LNG Importation and Vaporization 
Facility.  The proposed Marginal Wharf is located on Red Head and is a marine facility.  
 
Goldboro and the proposed petrochemical site are covered under the District 7 Planning 
Strategy and Land Use Bylaws (see Figure 8.2-1).  The proposed site was previously zoned M-
2 (Industrial Resource) and Residential R-1.  The M-2 zoning permitted uses, such as quarry 
development, that were not deemed suitable for extension to shoreline properties.  Zoning has 
been amended to an M-3 designation that targets the marine aspect of the Keltic development.  
This designation encompasses an area between 2833 and 3238 ha, of which approximately 300 
has been allocated to Keltic.  The area includes the shoreline of Red Head to Betty’s Cove, 
including the existing pipeline and Nova Scotia Power Inc. line corridors.  The adjoining Sable 
gas complex has a footprint between 40.5 and 48.6 ha, of which 20.2 ha has been fenced (G. 
Cleary, pers. comm., 2005).  
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FIGURE 8.1-1  Nova Scotia's Main Physiographic Regions 
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FIGURE 8.2-1  Generalized Future Land Use Map 
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Changes from the previous zoning designation to M-3 (Industrial Resource) required 
amendments to the Planning Strategy and land use by-law.  The zoning amendments were 
approved by Municipal Council on October 13, 2005, with final certification received on January 
6, 2006.  In addition to covering the proposed Keltic site, the amendments encompassed a 
larger piece of land including a future designation.  An appeal was made before the NSUARB in 
regard to the initial rezoning of the proposed Keltic site.  To date, some preliminary hearings 
have occurred; however, the appeal is not expected to continue because amendments have 
been approved in both the municipal planning strategy and the land use by-law (D. Torrey, pers. 
comm., 2006). 
 
8.2.2 Aboriginal Use of Land and Resources 
 
A Mi'kmaq Ecological Knowledge Study was developed by Membertou Geomatics Consultants 
for Keltic.  The purpose of the study was to identify Mi'kmaq land and resource use activities 
that have been or continue to be pursued by Mi'kmaq in the geographical areas being 
considered for development.  The full report is provided in Appendix 2. 

 
The Mi’kmaq people have occupied various lands located throughout Antigonish and 
Guysborough counties since contact.  The area surrounding Antigonish Harbour and the 
present town site was an important site for fishing, hunting, gathering of medicinal plants, as 
well as encampment.  One of the most significant historical Mi’kmaq communities appeared to 
be at St. Mary’s, which for the purpose of this study, is outside of the Keltic Study Area, and 
located about 30 km southeast of Goldboro.  However, it is clearly an important historical area, 
as there are reported to be Mi’kmaq burial sites here, and the St. Anne’s Chapel was 
constructed here in the early 19th century.  The town of Guysborough was also found to be a 
significant historical area to the Mi’kmaq, with various archival references to Mi’kmaq petitions 
and grants during the 19th century.  As well, the study also found various references to a burial 
ground at Isaac’s Harbour and as well at Upper Country Harbour. 
 
Data collected from interviews with Mi'kmaq hunters, fishers, and plant gatherers identified 
various hunting areas for small game, deer, and areas where these animals have been 
harvested previously.  Medicinal plant gathering sites and areas were also identified.  The most 
significant data appeared to be fishing activities that are pursued on many of the key rivers and 
waterways which are found throughout the counties.  This included many species, such as trout, 
eels, salmon, tuna, and urchins. 
 
The study found that Mi’kmaq continue to undertake traditional activities throughout the Keltic 
Study Area.  Some of the reported hunting and fishing areas occur within the Keltic Site 
footprint.  However, most of these areas are smaller hunting areas that either encompass large 
areas of land, or are located throughout areas of the various waterways. 
 
Davis Archaeological Consultants Ltd. identified the South River, Isaac's Harbour and Isaac's 
Harbour River, Gold Brook, and the Salmon River/Erinville areas as key resource and land use 
sites using a predictive model.  The Mi'kmaq Ecological Knowledge Study and archaeological 
predictive modelling provided similar results and were performed independently of one another. 
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8.2.3 Mining 
 
Gold mining has been a major resource extraction activity in Goldboro and the surrounding 
area.  Abandoned mine sites exist around Goldboro and tailings are present in Isaac’s Harbour.  
In recent years, the price of gold has risen to a level high enough to encourage more interest in 
active gold exploration and mining.  Although most activity today is exploratory, there is a move 
to re-open the Orex site near Goldboro in 2006.  The water supply of the proposed Keltic project 
will intersect this claim area.  Acadia Minerals is currently pursuing some exploratory activities 
near Forest Hill (limited activity), but is focusing most effort towards Goldenville and Sheet 
Harbour.  A processing facility is currently set up in the Country Harbour Cultural Centre near 
Cross Roads on Highway 316 (B. Mitchell, pers. comm., 2006). 
 
8.3 SOCIO-ECONOMIC CONDITIONS AND RECREATIONAL 
 
8.3.1 The Economy of Nova Scotia 
 
8.3.1.1 Nova Scotia Historical Growth 
 
The data for this review of historical growth were obtained from: 

• Statistics Canada’s Provincial Gross Domestic Product by Industry 1984 to 2002; 

• Labour Force Historical Review 2002; 

• “Economic Sector Strategy for Colchester County” by Canmac Economics; 

• Greater Halifax Partnership; 

• Halifax-Moncton Growth Corridor Asset Mapping -Baseline Research Project, 2003; 

• Nova Scotia Department of Finance.  Community Counts; and 

• Nova Scotia Department of Finance.  Overview of the Nova Scotia Economy: 1991 – 
2003. 

 
Between 1984 and 2002 Nova Scotia experienced growth in output of 2.2% per year.  Growth 
from 1997 to 2002 almost doubled to 3.6% per year.  During the same periods of time 
employment growth averaged 1.3% and 2.2% respectively.  The ratio of output to employment 
growth suggests that the economy made significant productivity gains in terms of output per job.  
Over the 1984 to 2002 period, productivity improved by 0.8% per year, and 1.3% per year from 
1997 to 2002.  Table 8.3-1 provides a breakdown by major economic sector. 
 
8.3.1.2 Nova Scotia Economic Outlook 
 
Economic growth over the next five to 10 years will be dominated by two factors, the province's 
export, and population growth.  Growth in Gross Domestic Product is expected to be in the 
range of 2.5% per year. 
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TABLE 8.3-1 Nova Scotia Economic Growth, 1984 – 2002 
Output (%) Employment (%) Productivity (%) 

 1984 – 
2002 

1997 – 
2002 

1984-  
2002 

1997-  
2002 

1984 –  
2002 

1997 – 
2002 

Agriculture 0.5 1.6 0.9 -1.3 -1.1 1.7 
Forestry 6.4 21.9 1.2 1.8 -5.2 -2.2 
Fishing 0.8 6.8 -1.5 -3.5 1.1 9.1 
Mining 7.4 17.6 -1.6 -2.6 6.8 13.7 
Utilities 2.6 3.6 1.1 5.0 1.5 -1.3 
Construction 0.1 2.5 0.9 3.6 -1.4 -2.4 
Manufacturing 2.0 3.7 0.8 4.2 1.1 -0.5 
Wholesale Trade 5.6 5.4 3.3 4.9 0.4 0.5 
Retail Trade 2.2 4.6 0.8 2.5 0.6 1.9 
Transportation and Warehousing 2.8 2.5 1.4 3.9 1.0 -1.4 
Finance, Insurance, and Real Estate 3.5 3.0 1.6 0.3 1.9 2.7 
Information, Culture and Services 3.7 6.6 2.8 3.8 0.8 2.6 
Education Services 0.2 -0.2 1.7 3.1 -1.6 -3.3 
Health and Social Services 1.5 2.3 2.2 1.9 -0.8 0.3 
Public Administration 0.1 0.8 -1.3 -.8 1.3 5.6 
Source: Economic Sector Strategy for Colchester County, Canmac Economics, 2004. 

 
Growth in Nova Scotia’s and Canada’s main markets will likely remain firm in the next three to 
five years.  Therefore, barring supply side issues or major changes in the Province’s competitive 
position, Nova Scotia’s export performance should maintain its historical relationship to 
economic growth in its main markets. 
 
The rate of population growth will be a key feature of the economy because it will be a major 
influence on consumer spending and the ability of industry to hire labour.  Total growth in 
consumer spending is expected to: 

• ease to about 2.2% per year; and 

• change the profile of its market basket of goods and services as the population ages 
(i.e., as the baby boomers enter pre-retirement years, growth in consumer spending for 
services will outstrip that for goods). 

 
The aging of the baby boom generation, combined with net out-migration from the younger age 
cohorts, will result in a reduction of the size of the prime working age cohorts in the labour force 
age group (i.e., the population aged 15 years and older). 
 
Should total population remain essentially unchanged (through a combination of net out-
migration from younger age groups and net in-migration of older age groups, as it has for the 
last 10 years) the consequences will be a reduction of housing starts and a decline in Provincial 
housing markets.  Further weakness in the construction sector will arise as retiring baby 
boomers trade their family-size homes for smaller accommodations more appropriate for 
retirement.  Demand will lean toward multiple unit buildings.  These factors will likely result in 
limited growth in residential investment with the resulting negative impact on the residential 
construction sector. 
 
Non-residential construction investment is expected to fluctuate according to developments in 
offshore hydrocarbon production, development, and exploration.  Intense construction activity 
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could occur over the next five to eight years, assuming EnCana’s Deep Panuke project enters 
construction mode and the second phase of the SOEP continues.  These events, plus the 
potential for the construction of LNG receiving stations and this project’s LNG receiving station 
and petrochemical plant could lead to a reasonable growth in non-residential construction 
investment over the next five to 10 years. 
 
The mining sector, especially the mineral fuels and services incidental to mining sub sectors, is 
expected to show strong growth over the next five to 10 years.  Approximately 500 mmcfd is 
expected to flow from SOEP’s six fields.  In addition, EnCana could be pumping about 400 
mmcfd from its Deep Panuke gas field.  This would lead to an expansion of the M&NP pipeline 
to carry the gas to the US. 
 
Shipments of natural gas and manufactured products, combined with the expansion of the Port 
of Halifax to handle Post-Panamax vessels, will boost real growth in the transportation industry 
to an average of 2% per year over the next five to 10 years. 
 
8.3.2 Guysborough County Socio-economic Conditions 
 
8.3.2.1 Population 
 
As Table 8.3-2 shows, the population of Guysborough County has been in constant decline for 
decades.  The population declined by 13.8% from 1991 to 1996.  The rate of decline slowed 
during the period 1996 to 2001 to a decline of 1.6% for that five-year period.  Based on 
Statistics Canada estimates for 2004 the five-year population rate of decline has increased 
again to about 4.2% estimated for the five-year period 2001 to 2005. 
 

TABLE 8.3-2 Guysborough County, Population by Age and Sex 

 
8.3.2.2 Economic Structure 
 
Table 8.3-3 provides an overview of the economic structure of Guysborough County.  The 
numbers in bold reflect the economic sectors in which the proportion of the labour force in that 
sector in the County is at least two times higher or lower than that in Nova Scotia. 
 
Guysborough County has over three times the percentage of its labour force involved in 
Agriculture, Forestry, Fishing and Hunting and Mining and Oil and Gas Extraction relative to 
Nova Scotia.  The proportion of the labour force involved in Manufacturing is twice that of the 
Province. 
 

1991 1996 2001 2004 
Cohort Total Male Female Total Male Female Total Male Female Total % of  

Total Male Female 

0-19 3,145 1,605 1,540 2,190 1,135 1,055 2,270 1,180 1,090 1,973 20.7% 1,040 933 
20-29 1,735 910 825 350 180 170 865 455 410 936 9.8% 471 465 
30-54 4,020 2,020 2,000 2,360 1,235 1,125 3,590 1,785 1,805 3,365 35.4% 1,696 1,669 
55-64 1,155 590 565 1,635 820 815 1,245 620 625 1,389 14.6% 694 695 
65+ 1,540 780 760 3,460 1,740 1,720 1,860 860 1,000 1,848 19.4% 881 967 
Total 11,595 5,905 5,690 9,995 5,110 4,885 9,830 4,900 4,930 9,511 100.0% 4,782 4,729 

Source: Nova Scotia Department of Finance, Community Counts. 
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Relative to the Province it has a low representation of Information and Cultural Industries, 
Finance, Insurance and Real Estate and Professional, Scientific and Technical Services in its 
economic structure.  These numbers are not surprising given the distance of Guysborough 
County from Metropolitan Halifax and the physical resource base of the County. 
 

TABLE 8.3-3 Labour Force by Industry, 2001 
Guysborough County Antigonish County Nova Scotia Industry # % # % # % 

All Industries 4,230  9,390  442,425  
Agriculture, 
Forestry, Fishing & 
Hunting 

675 16.0% 960 10.2% 22,910 5.2% 

Mining and Oil & 
Gas Extraction 115 2.7% 100 1.1% 3,370 0.8% 

Utilities 30 0.7% 30 0.3% 2,720 0.6% 
Construction 355 8.4% 815 8.7% 26,755 6.0% 
Manufacturing 820 19.4% 665 7.1% 44,195 10.0% 
Wholesale & Retail 
Trade 480 11.3% 1,385 14.7% 71,085 16.1% 

Transportation & 
Warehousing 185 4.4% 330 3.5% 20,065 4.5% 

Information & 
Cultural Industries 35 0.8% 120 1.3% 10,640 2.4% 

Finance, Insurance 
& Real Estate 65 1.5% 305 3.2% 20,615 4.7% 

Professional, 
Scientific & 
Technical Services 

50 1.2% 285 3.0% 18,850 4.3% 

Management & 
Administration 105 2.5% 190 2.0% 20,715 4.7% 

Educational 
Services 235 5.6% 1,365 14.5% 31,660 7.2% 

Health Care & 
Social Assistance 350 8.3% 1,090 11.6% 49,045 11.1% 

Accommodation & 
Food Services 325 7.7% 735 7.8% 31,955 7.2% 

Other Services 
(except public 
administration) 

175 4.1% 650 6.9% 30,015 6.8% 

Public 
Administration 230 5.4% 370 3.9% 37,825 8.5% 

 
8.3.2.3 Labour Force Age Group and the Active Labour Force 
 
The key labour force age group, aged 30 years to 54 years, comprises about 35% of the 
County's population.  This is slightly lower than the Provincial rate (Table 8.3-4) of about 38%.  
The major difference in population structure shows up in the fact that Guysborough County has 
a substantially lower portion of its population in the age group from the 0 to 29 years than Nova 
Scotia.  The low percentage is symptomatic of the impact that modest economic conditions 
have had on the ability of families to find work and raise children in the area and on the 
willingness of new entrants into the labour force age group to remain in the Guysborough 
County area. 
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TABLE 8.3-4 Nova Scotia, Population by Age and Sex 
2004 Cohort Total % of Total Male Female 

0 - 19 218,990 23.4% 111,792 107,198 
20 - 29 120,712 12.9% 59,965 60,747 
30 - 54 355,597 38.0% 176,278 179,319 
55 - 64 109,828 11.7% 54,024 55,804 

65+ 131,833 14.1% 56,569 75,264 
Total 936,960 100.0% 458,628 478,332 

Source: Nova Scotia Department of Finance, Community Counts. 
 
Table 8.3-5 describes labour force activity in Guysborough County and shows that the labour 
force age group from 1991 to 2001 declined by 10.7% compared to a 15.2% decline in the total 
population of Guysborough County in the same time period.  However, the relative strength of 
the labour force age group is due to the relatively large proportion of the population aged 55 
years and older.  Those over the age of 55 are not considered prime candidates for work in 
heavy construction or industry that is relatively technologically intense, such as the proposed 
LNG receiving station and petrochemical plant. 
 

TABLE 8.3-5 Labour Force Activity - 15 Years and Over, Guysborough County 

Year Pop. 
15+ 

In the 
Labour 
Force 

In the 
Labour 
Force - 

Employed 

In the 
Labour 
Force - 

Unemployed 

Not in 
the 

Labour 
Force 

Participation 
Rate 

Employment 
Rate Unemp. Rate 

1991 9,180 5,000 4,085 915 4,180 54.5 44.5 18.3 
1996 8,785 4,605 3,575 1,025 4,185 52.4 40.7 22.3 
2001 8,200 4,365 3,365 1,000 3,835 53.2 41 22.9 
Source: Nova Scotia Department of Finance, Community Counts. 

 
Tables 8.3-5 and 8.3-6 clearly show that the participation rate of the labour force age group is 
substantially lower than that for the rest of Nova Scotia.  Other things being equal, such as 
education and job skills, the labour force age group in Guysborough County should be able to 
raise its participation rate and make more labour available to the Project because the 
participation rate in Guysborough County is at least eight percentage points lower than that for 
the rest of Nova Scotia.  In addition, given the high unemployment rate in Guysborough County 
labour should, other things being equal, be willing to enter the labour force at the first sign of 
improvement in economic conditions. 
 
In contrast, in the Province, the population 15 years old and over and those in the labour force 
have grown consistently since at least 1991 (Table 8.3-6).  Even with the growth in the active 
labour force unemployment rates have dropped since 1996 in Nova Scotia.  This suggests 
relatively robust employment increases in the rest of the Province relative to Guysborough 
County. 
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TABLE 8.3-6 Labour Force Activity - 15 Years and Over, Nova Scotia 

 
8.3.2.4 Potential New Labour Supply 
 
Table 8.3-7 shows that the education attainment levels of the labour force age group in 
Guysborough County are substantially lower than those for the rest of Nova Scotia (i.e., almost 
53% of people aged 15 years and older have less then high school education).  Although the 
County is roughly comparable to the rest of Nova Scotia in terms of the attainment of post 
secondary certificates or diplomas it has much lower attainment levels with respect to those 
having some post secondary education or a university degree.  However, the data show that the 
labour force age group in Guysborough County has about the same propensity to hold a high 
school graduation certificate as the highest level of education attained as the rest of the 
Province. 
 

TABLE 8.3-7 Educational Attainment, Population 15+ (%), 2001, Guysborough County 

 Less than High 
School 

High school 
Graduation 
Certificate 

Some Post-
Secondary 
Education 

Post-Secondary 
Certificate or 

Diploma 

University 
Degree - 

Bachelors or 
Higher 

Guysborough 
County 52.7% 8.7% 5.5% 5.5% 4.8% 

Antigonish 
County 27.6% 8.0% 9.9% 9.9% 20.5% 

Nova Scotia 31.7% 9.8% 9.4% 9.4% 15.3% 
Source: Nova Scotia Department of Finance, Community Counts. 
 
8.3.2.5 Income 
 
Table 8.3-8 shows household income in Guysborough County is substantially lower than in 
Nova Scotia.  The average household income stands at about 79% of that in the rest of Nova 
Scotia.  The median household income stands at about 77% of that in the rest of Nova Scotia.  
The fact that the average and median household incomes are roughly the same percentage of 
the Nova Scotia household incomes suggests that the income distribution in Guysborough 
County is similar to that of the rest of Nova Scotia. 
 
Notwithstanding the lower household income, according to Statistics Canada definitions, the 
incidence of low income among households is roughly the same in Guysborough County as in 
the rest of Nova Scotia.  This suggests that living costs in the County are substantially lower 
than in the rest of Nova Scotia.  What is significant is the change in the incidence of low income 
households from 1996 to 2001.  These data suggest that the run-up to and commissioning of 
the Sable gas project, and expansions at Stora, enabled the households in Guysborough 
County to substantially improve their material well-being. 

Year Pop. 15+ 
In the  

Labour  
Force 

In the  
Labour  
Force –  

Employed 

In the  
Labour  
Force –  

Unemployed 

Not in the 
 Labour 
 Force 

Participation 
Rate 

Employment  
Rate 

Unemployment 
Rate 

1991 706,675 447,525 390,785 56,735 259,155 63.3 55.3 12.7 
1996 719,970 438,970 380,790 58,185 281,000 61 52.9 13.3 
2001 732,365 451,375 402,295 49,080 280,990 61.6 54.9 10.9 

Source: Nova Scotia Department of Finance, Community Counts. 
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TABLE 8.3-8 Household Income for Guysborough County, Antigonish County, and Nova Scotia 

Household Income, 2001 Incidence of Low Income in Households (%)  
Average 

Household 
Income 

Median 
Household 

Income 
1991 1996 2001 

Guysborough 
County $38,106 $30,441 14.6 23.5 16.1 

Antigonish 
County $50,007 $43,127 12.4 16 12.7 

Nova Scotia $48,457 $39,908 15.0 16.0 16.6 
Source: Nova Scotia Department of Finance, Community Counts. 

 
8.3.2.6 Socioeconomic Planning in Guysborough County 
 
The Guysborough County Regional Development Authority is the lead economic planning 
agency in Guysborough County.  The “Strategic Planning Report, 2003-2007” describes the 
principal strategic directions to improve economic conditions in the County.  The strategic 
directions are: 

• promoting of the importance of rural living; 

• adding value to natural resources in forestry, fisheries, aquaculture, tourism, heritage 
and cultural, mineral resources and petroleum industries; and 

• enhancing and maintaining infrastructure. 
 
8.3.3 Antigonish County Socioeconomic Conditions 
 
8.3.3.1 Population 
 
Table 8.3-9 shows that the population of Antigonish County grew 11.1% to 19,540 from 1991 to 
1996.  Population held constant from 1996 to 2001.  Based on Statistics Canada estimates for 
2004 the five-year population growth rate now stands at about 1.6%. 
 
8.3.3.2 Economic Structure 
 
Table 8.3-3 provides an overview of the economic structure of Antigonish County.  It has over 
twice the percentage of its labour force involved in Agriculture, Forestry, Fishing and Hunting 
and Educational Services than Nova Scotia as a whole. 
 
Relative to the Province it has a low representation of Utilities, Information and Cultural 
Industries, Management and Administration and Public Administration in its economic structure. 
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TABLE 8.3-9 Antigonish County, Population by Age and Sex 

 
With the exception of the relatively low representation of Information and Cultural Industries 
these numbers are not surprising given the strong university presence in Antigonish County and 
the role of the Town of Antigonish as a service and retail centre for the North Shore area. 
 
8.3.3.3 Labour Force Age Group/Active Labour Force 
 
The key labour force age group, aged 30 years to 54 years, comprises about 35% of the 
County's population.  This is slightly lower than the Provincial rate (Table 8.3-4) of about 38%.  
The major difference in population structure shows up in the fact that Antigonish County has a 
higher portion of its population in the age group from the 0 to 29 years than Nova Scotia.  The 
higher percentage is due mainly to the existence of St. Francis Xavier University in the Town of 
Antigonish.  The University, in addition to attracting younger persons to the community also 
employs people who at their stage of the lifecycle tend to have young families. 
 
The demographic data indicate that Antigonish County, relative to Guysborough County, is an 
easier place for families to find work and raise children.  Antigonish County is also easier for 
families and younger persons to settle in from other areas of northern and eastern Nova Scotia. 
 
Table 8.3-10 describes labour force activity for Antigonish County.  It shows that the labour 
force age group (i.e., the population aged 15 and over) from 1991 to 2001 grew by 8.2% 
compared to an 11.4% increase in the total population of the County in the same time period.  
The fact that the labour force age group grew less in percentage terms than the overall 
population is due mainly to aging of the baby-boom generation. 
 

TABLE 8.3-10 Labour Force Activity - 15 Years and Over, Antigonish County 

 

 1991 1996 2001 2004 

Cohort Tot. M F Tot. M F Tot. M F Tot. % of 
Tot. M F 

0 - 19 4,995 3,390 3,260 5,275 2,435 2,840 5,695 2,855 2,840 5,317 26.7% 2,669 2,648 

20 - 29 2,685 1,380 1,305 1,580 360 1,220 2,410 1,190 1,220 2,573 12.9% 1,328 1,245 
30 - 54 6,210 3,130 3,080 6,110 2,530 3,580 7,050 3,470 3,580 6,987 35.1% 3,487 3,500 
55 - 64 1,355 650 705 2,255 1,350 905 1,870 965 905 2,332 11.7% 1,200 1,132 

65+ 2,335 970 1,365 4,320 2,785 1,535 2,560 1,025 1,535 2,690 13.5% 1,118 1,572 
Total 17,580 9,520 9,715 19,540 9,460 10,080 19,585 9,505 10,080 19,899 100.0% 9,802 10,097 

Source: Nova Scotia Department of finance, Community Counts 

Year Pop. 15+ 
In the  

Labour  
Force 

In the  
Labour  
Force –  

Employed 

In the  
Labour  
Force –  

Unemployed 

Not in the 
 Labour 
 Force 

Participation 
Rate 

Employment  
Rate 

Unemployment 
Rate 

1991 14,200 8,925 7,685 1,240 5,270 62.9 54.1 13.9 
1996 14,960 9,335 8,165 1,170 5,625 62.4 54.6 12.5 
2001 15,370 9,575 8,345 1,235 5,795 62.3 54.3 12.9 

Source: Nova Scotia Department of Finance, Community Counts. 
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8.3.3.4 Potential New Labour Supply 
 
As Table 8.3-7 shows, education attainment levels of the labour force age group in Antigonish 
County are substantially higher than those for the rest of Nova Scotia.  The lower propensity of 
the labour force age group in Antigonish County to have less than high school or a high school 
graduation certificate is merely a reflection of the higher rates of those having some, or having 
completed, post secondary education. 
 
8.3.3.5 Income 
 
As Table 8.3-8 shows household incomes in Antigonish County are substantially higher than in 
Nova Scotia.  The average household income stands at about 108% of that in the rest of Nova 
Scotia.  The median household income stands at about 103% of that in the rest of Nova Scotia.  
The fact that the average household incomes in Antigonish County are 15% higher than the 
median household income compared to 21% higher for Nova Scotia as a whole suggests that in 
addition to having higher averages and median values, household incomes in Antigonish 
County are more closely grouped around the mid-points of the distribution.  That is, there 
appears to be a more equitable distribution of household incomes in Antigonish County than in 
Nova Scotia as a whole. 
 
According to Statistics Canada definitions, the incidence of low income households is lower in 
Antigonish County than in Nova Scotia as a whole.  The incidence of low income households is 
not so low to suggest that living costs in the County are substantially lower than in the rest of 
Nova Scotia.  What is significant is the change in the incidence of low income in households 
from 1991 to 1996 and 1996 to 2001.  These data suggest that the early 1990s saw a 
weakening in income levels and hence rising incidence of low income in households.  The rise 
in the incidence of low income in households from 1991 to 1996 was greater in Antigonish 
County than in Nova Scotia as a whole.  However, the run-up and commissioning of the Sable 
gas project, combined with the generally improving conditions in the Canadian economy in the 
late 1990s, enabled the households in Antigonish County to substantially improve their material 
well-being. 
 
8.3.3.6 Socio-economic Planning in Antigonish County 
 
The Antigonish Regional Development Authority is the lead economic and community 
development agency in Antigonish County.  Its economic development objectives are described 
in the 2000-2005 strategic plan.  The plan sees Antigonish Town and County becoming: 

• a Regional Centre that is a friendly, caring and safe place to live; 

• an area that is rich in culture, recreation, sports, natural beauty and renewable 
resources; and 

• a place where: 

o development and growth enhance the quality of life for all parts of the community; 

o economic growth matches or exceeds the national average; 

o there is a rural-urban balance with self reliance, year-round work and local input 
to the management of community change; 
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o educational and health institutions provide amenities and services that are 
customer driven and the envy of smaller communities across Canada; and 

o a diversified economy builds upon local institutions and increasingly focuses on 
sustainable, value-added and knowledge based activities in the global 
marketplace. 

 
Gaps between present conditions and the vision will be filled by following these action planning 
themes: 

• advocacy and improving financing resources; 

• advocacy for improved financing, operation and maintenance of supportive infrastructure 
for the transporting of people, goods and information; 

• enhancing the entrepreneurial climate; 

• ensuring human resources are maintained at adequate and competitive levels; 

• ensuring the image and identity of Antigonish are effectively disseminated; and 

• being responsive to community opportunities and endeavours and reinforcing the work 
by other interests in community economic development. 

 
Socio-economic Planning Related Implications of the Project for the Antigonish County 
Area 
 
The inclusion of direct and indirect jobs and spending due to the Project will contribute to the 
following aspects of the County’s economic strategy: 

• to develop and enhance the quality of life for all parts of the community; 

• to strive for economic growth that matches or exceeds the national average; 

• to strive for a rural-urban balance with self reliance, year-round work and local input to 
the management of community change; 

• to have educational and health institutions that provide amenities and services that are 
customer driven and the envy of smaller communities across Canada; and 

• to create a diversified economy that builds upon local institutions and increasingly 
focuses on sustainable, value-added and knowledge based activities in the global 
marketplace. 

 
The proposed LNG receiving station and petrochemical plant will provide the County with 
opportunities to make progress on each of the strategic directions summarized above because it 
will: 

• offer opportunities for people and businesses in all parts of the County; 

• bring a growing and high value added industry to the area; 

• provide year-round opportunities for people and businesses in rural and urban areas; 
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• expand the tax base and raise household incomes that will help support improved 
education and health institutions and related amenities and services; 

• diversify the economic base of the County; 

• provide sustainable economic activity, via the petrochemical plant, as it imports raw 
material from around the world as inputs to its manufacturing processes; and 

• participate in, and further expose the County to, the global marketplace. 
 
8.3.3.7 Tourism 
 
The Guysborough County Heritage Association works to promote tourism, heritage, and culture 
in the region.  The Association is currently developing a marketing strategy which includes a 
website, brochures, and signage, to increase the profile of the region and highlight its heritage 
resources.  These promotional materials are expected to be ready for summer of 2006 (K. 
Avery, pers. comm., 2006).  
 
The Guysborough County Heritage Association has several active members and community 
groups in Guysborough County.  These include the Goldboro/Isaac’s Harbour Development 
Association, the United Empire Loyalists’ Association of Canada, Port Bickerton and Area 
Planning Committee, Lincolnville Community Development Society and the Tor Bay Acadian 
Society.  These groups seek to preserve particular aspects of the region’s heritage through 
promotion and/or interpretive services.  
 
Most cultural and heritage activity appears to be associated with coastal communities.  Interior 
communities (such as Erinville) do not currently have any active membership promoting local 
cultural or heritage resources (K. Avery, pers. comm., 2006).  Cultural and heritage resources 
include the Goldboro Interpretive Centre, Port Bickerton Lighthouse Interpretive Centre, and 
Country Harbour Cultural Centre.  Community halls exist in Goshen, Port Bickerton, and 
Erinville (firehall).  
 
Specific heritage projects include the exhumation and relocation of a former black settlement 
cemetery on Redhead, which was within one kilometre of the proposed Keltic site.  The 
Lincolnville Community Development Society was instrumental in this project, and the 
gravesites have now been moved to another cemetery on Gold Brook Road (L. Hayne, pers. 
comm., 2006).  Another project is the United Empire Loyalists’ Municipal Park, which is a small 
seaside park (approximately 1 ha) in Country Harbour.  First opened in 1983 and neglected for 
years, the park has recently seen a rebirth with a reopening scheduled for 2006.  This park can 
be accessed via a 2.2 km walking trail leased from the NSDNR off of Highway 316, just north of 
the intersection with Highway 211.  There is a memorial cairn and planned interpretive signs 
that will describe the cultural and natural history of the area (D. Hayne, pers. comm., 2006). 
 
Guysborough County’s natural heritage is also protected in numerous provincial parks and 
natural areas.  In the Goldboro area, Salsman Provincial Park is located off Highway 316, eight 
km north of Isaac’s Harbour, on a peninsula on the east side of Country Harbour.  The park is 
open during the summer months (June to September) and has campground facilities.  The 
Fraser Mills fish hatchery is located on Route 7, west of Erinville.  This hatchery raises 
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approximately 500 000 fish annually, including four different salmonid species.  The facility also 
includes an interpretive centre. 
 
Antigonish is the major cultural centre in the County of Antigonish.  The Heritage Association of 
Antigonish operates the Antigonish Historical Museum as the main vehicle to promote and 
preserve the region’s cultural and historical heritage.   
 
8.3.4 Recreational Opportunities and Aesthetics 
 
The proposed location of the Keltic Site offers a variety of non-formal recreational opportunities 
such as hiking, boating, fishing, camping, scuba diving, etc.  However, in terms of formal 
recreation the area has limited parks and campgrounds, such as the picnic area at the Goldboro 
community centre.  
 
8.3.5 Property Values 
 
The average value per dwelling for Guysborough and Antigonish County were available through 
the Statistics Canada website. The average value of a dwelling in Guysborough County was 
$59,216 in 2001 (Statistics Canada 2001). In Antigonish County the average value of a dwelling 
was $94,281 in 2001. The average value for Nova Scotia as a whole was $101,515 for the 
same time period. 
 
8.4 ATMOSPHERIC CONDITIONS 
 
Nova Scotia has a “temperate continental” climate (Rudloff, 1981) marked by relatively large 
daily and day-to-day ranges of temperature, especially during the spring and fall, and moderate 
rainfall.  This area lies in the "prevailing westerlies" that are characteristic of mid-latitudes in the 
northern hemisphere.  Within this general circulation are embedded air masses originating at 
higher or lower latitudes that interact to produce storm systems.  Nova Scotia experiences a 
relatively large number of storm systems that contribute to a roughly twice-weekly shift between 
fair and cloudy and stormy weather. 
 
The continental climate is modified by Nova Scotia’s surrounding waters (EC, 2005a).  The 
Atlantic and Bay of Fundy waters are relatively cold (8-12oC) which helps to keep the air 
temperature over southwestern Nova Scotia on the cool side in spring and summer.  In January, 
when water temperatures are between 0 and 4oC, they moderate the winter temperatures.  
Farther offshore to the east, southeast, and south are the comparatively warm 16oC waters of 
the Gulf Stream that are credited with prolonging warm weather well into October. 
 
Ice conditions in the Gulf of St. Lawrence retard the arrival of spring.  Cool summer seas also 
help stabilize overriding air masses, thus suppressing local storm development.  In addition, the 
merging of contrasting ocean currents (i.e., warm Gulf Stream and the cold Labrador Current) 
produces a great deal of sea fog that often moves far inland. 
 
8.4.1 Review of Baseline Climatological Data 
 
The following data are taken from EC, 2005b. 
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8.4.1.1 Temperatures 
 
Winter temperatures are moderate along the coast.  Yarmouth's average January temperature 
of -2.7oC is the highest of any mainland station in the Maritimes.  Inland, January means are 
between -4oC and -6oC.  The most significant aspect of winter is the marked day-to-day 
variation caused by the alternation of Arctic and maritime air. 
 
Summers are relatively cool in Nova Scotia.  Afternoon summer temperatures reach 25oC in the 
interior, but along the coast are frequently 4oC to 6oC cooler.  At night the ocean remains a 
cooling source, keeping minimum temperatures along the coast about 2oC to 3oC below those 
inland.  Halifax's July mean of 17.4oC and Yarmouth's 16.3oC compare closely with Vancouver's 
17.3oC but are somewhat cooler than Toronto's 20.6oC. 
 
8.4.1.2 Winds 
 
Winds blow predominantly from the south or southwest in the summer with an average speed of 
about 10 to 15 km/h.  In the coldest months, the predominant direction is from the west and 
northwest with an average speed of 22 km/h. 
 
The wind at any given location is often quite different from the wind conditions which prevail 
even a short distance away.  The variation that occurs in both wind direction and speed results 
from the characteristics of natural and man-made obstructions, topography, and surface cover.  
Along the coast, an onshore sea breeze circulation often sets up, particularly during a warm, 
sunny afternoon in the spring or early summer. 
 
Wind statistics taken between 1988 and 1999 from Beaver Island at the mouth of Country 
Harbour showed average monthly nearshore wind speeds between 19 and 31 km/hr.  Extreme 
average hourly wind speeds ranged between 65 and 98 km/hour.  Westerly winds 
predominated, with stronger winds from the northwest (November to January) than the 
southeast (Meteorological Service of Canada, 2000).  
 
8.4.1.3 Precipitation 
 
Nova Scotia is wettest over the highlands of Cape Breton Island, where over 1600 mm of 
precipitation fall in an average year.  The southern coast experiences almost as much, with 
totals of 1500 mm.  By contrast, the north shore along the Northumberland Strait has less than 
1000 mm a year. 
 
Precipitation is slightly greater in the late fall and early winter because of the more frequent and 
intense storm activity.  In most years there is a good supply of rain during the growing period.  
However, drought is not unknown in Nova Scotia.  
 
On average, only about 15% of Nova Scotia's total annual precipitation originates as snow.  
Snowfall is relatively light near the warm Atlantic shore and near the entrance to the Bay of 
Fundy, where less than 150 centimetres (cm) may fall in one winter.  Here, copious rain and 
freezing rain make up for the scanty snowfalls.  Inland, the yearly snowfall increases to 250 cm.  
As a rule, elevated areas receive the greatest snowfall and have the longest snow cover 
season.  
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The snow-cover season, that is, the period when there is at least 2.5 cm of snow on the ground, 
varies considerably.  Usually its duration extends from about 110 days a year along the 
southern coast to 140 days inland and in areas adjacent to the frozen seas.  In coastal areas 
the snow-cover may come and go.  
 
8.4.1.4 Fog 
 
Each year there is an average of 101 days with fog at Shearwater, although on most days fog 
persists for less than 12 hours.  The period from mid-spring to early summer is the foggiest time.  
Bands of thick, cool fog lie off the coast, produced where the chilled air above the Labrador 
Current mixes with warm, moisture-laden air moving onshore from the Gulf Stream.  With 
onshore winds these banks of fog move far inland.  Sea fog often affects the headlands by day, 
moving inland and up the bays and inlets at night.  At other times of the year fog is much more 
transient and local in nature. 
 
Because of the extensive fogs, as well as mists, low cloud, and smog, sunshine amounts 
throughout the province are usually less than half the total possible.  Sunshine totals range from 
1700 to 1969 hours a year.  July is the sunniest month inland, and August is the sunniest along 
the coast.  Sunless days (days with less than 5 minutes of bright sunshine) amount to between 
75 and 90 a year, with a marked seasonal high from November to February.  Sunny days, on 
which less than 70% of the sky is covered with cloud in the early afternoon, amount to between 
130 to 160, with a peak from July through October. 
 
8.4.1.5 Severe Weather 
 
Storms frequently pass close to the Atlantic coast of Nova Scotia and cross the southern part of 
Newfoundland, producing highly changeable and generally stormy weather.  This region has 
more storms over the year than any other region of Canada.  With a variety of weather 
conditions from hurricane-force winds to heavy precipitation, they can pass rapidly through or 
stall and batter the region for several days.  Other conditions associated with these storms 
include freezing spray, reduced visibility in snow, rain, or fog, and numbing wind chills, 
especially in the storm's wake. 
 
In late summer and fall the remnants of a hurricane or tropical storm are felt at least once a year 
in Nova Scotia.  For example, on August 15-16, 1971, Hurricane Beth brought 296 mm of rain to 
Halifax, enough to wash away several bridges, damage buildings, and flood farmland. 
 
Nova Scotia is not known for frequent thunderstorms that occur on about 10 days of the year, 
about half the number that occurs in northern and central New Brunswick.  Tornadoes have 
been recorded but are rare.  Reports of waterspouts over near-shore waters are received 
yearly. 
 
Other severe weather phenomena include ice storms and blizzards.  Each year one or two 25 
cm snowfalls occur in Nova Scotia.  When combined with strong winds, they can cause property 
damage and loss of life.  
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8.4.1.6 Normals and Extremes 
 
The climate of the Keltic Site is best characterized by long-term meteorological data collected by 
EC at Stillwater-Sherbrooke (Table 8.4-1) and at Halifax-Shearwater station (Table 8.4-2).  
Stillwater-Sherbrooke is located approximately 25 km west of the Keltic Site.  The Halifax-
Shearwater station is located approximately 160 km southwest of the Keltic Site and is included 
for its wind speed and direction data and other parameters that are not available from Stillwater- 
Sherbrooke.  These distances from the site support their spatial representativeness since they 
place them in the same general synoptic flow regime as well as most mesoscale systems.  The 
Stillwater-Sherbrooke and Halifax-Shearwater stations are also located in a similar geographic 
setting as the Keltic Site.  These stations are the closest to the Keltic Site and provide the 
commonly observed meteorological parameters. 
 
Normal monthly precipitation is fairly uniform throughout the year at both stations with the larger 
amounts generally occurring in the fall and early winter months (90-148  mm per month) and the 
least amounts in the summer (97-112 mm per month).  The annual average rainfall amount at 
Stillwater-Sherbrooke is 1,517 mm per year while at Halifax-Shearwater, it is 1,421 mm per 
year.  Record 24-hour rainfall amounts of 142.6 mm and 184.9 mm have been recorded at 
Stillwater-Sherbrooke and Halifax-Shearwater, respectively.  The average annual snowfall 
amounts at Stillwater-Sherbrooke and Halifax-Shearwater are 172.1 cm and 176.4 cm per year, 
respectively.  Specific precipitation data for the Goldboro Region itself is explored in more detail 
in Section 8.6.5 and Table 8.6-16, where some 20 months of monthly precipitation is 
documented for Sherbrooke, Deming, Collegeville, Goldboro and Salmon River, during the 
period from October 2001 through May 2003.  Further details are also shown in Appendix 3 and 
Figure 8.6-2 (Section 8.6), which indicates the location of study rain gages and EC Climate 
Stations. 
 
The range of temperatures at the site is rather large from winter to summer.  Summers are 
relatively cool, for example, the warmest average daily maximum temperature recorded at either 
station from June to August was 24 oC.  The record high temperature at Stillwater-Sherbrooke is 
35oC in the month of June and is 33.3oC at Halifax-Shearwater occurring in July and 
September.  The average daily maximum temperature at Stillwater-Sherbrooke for July and at 
Halifax-Shearwater for August is 24oC and 22.4oC, respectively.  Winters are cold with average 
daily minimum temperatures in January at Stillwater-Sherbrooke and Halifax-Shearwater of -
11.0oC and -9.2oC, respectively.  The lowest recorded temperature at Stillwater-Sherbrooke is -
39oC and at Halifax-Shearwater, it is -26.5oC.  
 
Winds at Halifax-Shearwater are fairly light with the highest speeds occurring in the winter with 
an average of 17.8 km/h for those months.  A peak gust of 150 km/h was recorded in December 
1956.  The lightest winds occur in summer with a monthly average wind speed of 11.1 km/h in 
August.  The mean wind speed for the year is 15.1 km/h.  The prevailing wind direction at 
Halifax-Shearwater is from the south or southwest from May through September and from the 
west or northwest from October through April.  There are no wind data available from Stillwater-
Sherbrooke. 
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TABLE 8.4-1 Stillwater-Sherbrooke Climate Normals (1971-2000) and Extremes (1967-2001) (EC, 2005b) 
Temperature Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Daily Average (°C) -6 -5.7 -1.2 4 9.2 14.4 18.3 18.4 14.3 8.8 3.8 -2.2 
Daily Maximum (°C) -0.9 -0.5 3.6 8.4 14.6 20.3 24 23.9 19.8 13.9 7.8 2.2 
Daily Minimum (°C) -11 -10.8 -6 -0.5 3.8 8.5 12.7 12.9 8.7 3.7 -0.3 -6.5 
Extreme Maximum 
(°C) 17.5 14.5 25.5 23.3 32 35 34 32.5 32.2 26.7 18.5 15.5 

Date (yyyy/dd) 1995/16 1981/23 1998/31 1973/18 1992/22 1976/24 1999/18 1991/14 1969/01 1968/02 1983/05 1998/01 
Extreme Minimum 
(°C) -31 -39 -29 -12.5 -6.1 -2.2 3.5 1.7 -3 -7 -15.5 -32.5 

Date (yyyy/dd) 1993/31 1985/07 1985/07 1986/05 1972/14 1969/01 1993/18 1968/20 2000/30 1993/11 1989/25 1989/29 
Precipitation 
Rainfall (mm) 94.5 72.9 97.9 102.1 126.1 112.5 97.1 109.9 122.9 141.5 149 118.9 
Snowfall (cm) 42.6 41.8 29.2 14.2 0.5 0 0 0 0 0 9.1 34.7 
Precipitation (mm) 137 114.7 127.1 116.2 126.6 112.5 97.1 109.9 122.9 141.5 158.1 153.6 
Extreme Daily 
Precipitation (mm) 96 71.2 80 85 105.9 78.7 75 134.8 142.6 81.3 89.6 114.3 

Date (yyyy/dd) 1990/26 1988/16 1972/23 1982/28 1972/16 1970/27 1983/22 1990/01 1996/14 1967/10 1983/16 1975/10 
Days with 
Maximum 
Temperature  
> 0 °C 

14 14.3 24.5 29.5 31 30 31 31 30 31 28.8 20.9 

Measurable Rainfall  6.2 5.4 7.2 9.4 11 9.9 8.5 8 9 10.9 11.4 8.4 
Measurable Snowfall 7.3 6.7 4.3 2.3 0.15 0 0 0 0 0.08 2.2 5.7 
Measurable 
Precipitation 11.6 10.5 10.2 10.9 11 9.9 8.5 8 9 10.9 12.4 12.4 
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TABLE 8.4-2 Halifax Shearwater Climate Normals (1971-2000) and Extremes (1944-201) (EC, 2005b) 
Temperature  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Daily Average 
(°C) -4.7 -4.5 -0.8 4.2 9.2 14.2 17.8 18.2 14.7 9.1 4.2 -1.6 6.7 

Daily 
Maximum (°C) -0.2 -0.2 3.2 8.1 13.6 18.7 22.1 22.4 18.9 13.1 7.8 2.6 10.9 

Daily 
Minimum (°C) -9.2 -8.8 -4.8 0.2 4.7 9.6 13.5 14 10.4 5.1 0.5 -5.7 2.5 

Extreme 
Maximum (°C) 14.3 16.2 21.8 27.8 32 33 33.3 32.4 33.3 27.8 22.2 15.6  

Date (yyyy/dd) 1995/16 1994/20 1998/31 1945/11 1977/23+ 1983/23 1963/26 1995/01 1945/08 1946/06 1956/01 1957/10  
Extreme 
Minimum (°C) -26.5 -25.7 -22.2 -12.2 -3.3 2 6.7 5.6 -0.5 -5.6 -11.4 -23.5  

Date (yyyy/dd) 1994/26 1993/07 1948/06 1946/01 1945/03 1982/12 1946/04 1965/31 1980/29 1974/22 1978/27 1989/29  
Precipitation 
Rainfall (mm) 95.5 69.3 97.2 97.9 110.8 107.8 107.4 96.9 100.1 124.9 129 117.6 1254.3 
Snowfall (cm) 43 40.3 30.9 15.6 2.3 0 0 0 0 1.6 9 33.6 176.4 
Precipitation 
(mm) 134.7 107.4 127.3 114.3 113.5 107.8 107.4 96.9 100.1 126.6 137.1 148.3 1421.4 

Extreme Daily 
Precipitation 
(mm) 

78.2 87.9 70.4 96.9 91.4 80 131.6 184.9 90.8 78.2 70 111.3  

Date (yyyy/dd) 1958/16 1958/08 1972/23 1982/28 1947/01 1944/21 1954/20 1971/15 1996/02 1967/10 1991/11 1946/21  
Wind Speed 

Speed (km/h) 18.1 17.7 17.8 16.9 14 12.8 11.3 11.1 12.8 14.8 16.5 17.7 15.1 
Most Frequent 
Direction W NW NW N S S S SW SW W NW W W 

Maximum 
Hourly Speed 83 97 78 85 72 77 87 60 97 80 89 89  

Date (yyyy/dd) 1990/30 1963/20 1986/07 1962/13 1961/20 1964/12 1975/28 1956/08 1954/11+ 1962/07 1958/29 1956/30+  
Maximum 
Gust Speed 127 146 148 122 106 111 114 93 126 132 121 150  

Date (yyyy/dd) 1960/03 1976/02 1976/17 1962/13 1961/03 1964/12 1975/28 1986/09 1958/29 1963/29 1963/08 1956/30  
Direction of 
Maximum 
Gust 
 
 
 

S S SW NE W NW S SW N S NE SW SW 
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Temperature  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Days with 
Maximum 
Temperature  
> 0 °C 

15.9 14 24.2 29.7 31 30 31 31 30 31 28.7 22.1 318.5 

Measurable 
Rainfall  9.2 7 10 12.7 14.5 13.1 12.2 10.8 11.8 12.6 13.3 11.5 138.6 

Measurable 
Snowfall 11.3 9.7 8.1 4.5 0.5 0 0 0 0 0.3 2.7 8.8 45.9 

Measurable 
Precipitation 

16.7 13.4 14.7 14.5 14.7 13.1 12.2 10.8 11.8 12.6 14.7 16.5 165.7 

Other              
Sunshine 
Hours 111.7 127.5 143.1 155.4 195.9 221 227.8 229.6 181.9 157.2 113.3 100 1964.6 

Daytime 
Relative 
Humidity (%) 

76.3 73.4 72.7 69.3 69.8 69.5 71.2 69.5 66.8 67.7 72.3 76.6 71.2 
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8.4.2 Description of Existing Ambient Air Quality 
 
The specific air contaminants that are of most interest relative to the impact of the Keltic facility 
operations consist of the following: 

• sulphur dioxide (SO2), formed when fuel containing sulphur, such as coal and oil, is 
burned, and when gasoline is extracted from oil, or metals are extracted from ore; 

• NOx, generated when fuel is burned at high temperatures as in a combustion process; 

• CO, formed from the incomplete combustion of carbon-containing fuel;  

• total suspended particulates (TSP), PM with aerodynamic diameter less than a nominal 
10 micrometers (PM10) and less than 2.5 micrometers (PM2.5), terms for particles found 
in the air, including dust, dirt, soot, smoke, and liquid droplets; and  

• Volatile Organic Compounds (VOCs).  
 
According to a 2003 emissions inventory reported by EC, the only other significant source of air 
contaminants emissions within 25 km of the Keltic Site is the SOEP gas plant and metering 
station that is adjacent to the Keltic Site.  As a result of the lack of industry in the Project area, 
the only available background air quality data consist of short-term monitoring data collected by 
ExxonMobil at their Goldboro Gas Plant as that facility is the primary contributor to ambient 
concentrations of most air contaminants in the area.  Background ozone concentrations are 
primarily the result of long range transport of ozone and its precursors (i.e., NOx and VOC) from 
upwind regions, primarily from the south and west. 
 
Continuous monitoring for nitrogen dioxide (NO2) and SO2 near the Goldboro plant was 
conducted in Seal Harbour from June 10, 2004, through August 10, 2004.  There are no other 
longer term background air quality data available that are representative of this area.  The 
highest monitored 24-hour NO2 concentration during this 2 month period was approximately 2.0 
parts per billion (ppb) and the highest SO2 value was 4.0 ppb.  Monitoring for TSP and PM2.5 at 
Seal Harbour was conducted for three 24-hour periods in each of July, August, and September 
of 2004.  The highest monitored 24-hour TSP concentration during this 3 month period was 19.8 
micrograms per m3 (µg/m3) and the highest PM2.5 value was 4.0 µg/m3. 
 
8.5 AMBIENT NOISE AND LIGHT LEVELS 
 
8.5.1 Noise 
 
The general locale of the proposed facility is semi-rural in nature.  However, its actual location is 
in an industrial park which is currently the site of the SOEI Gas Plant (Figure 1.1-1). 
 
In September 2004, noise monitoring was conducted in the vicinity the SOEI gas plant at four 
locations (northeast, southeast, southwest, and northwest corners) within the property bounds.  
The monitoring was conducted over a period of 24 hours (Sept.15-16, 2004), with 
measurements being taken once per minute in decibals (dBA).  Given the limited noise sources 
in the area, this sample can be considered representative of typical noise levels in the area of 
the Project.  The results are reported as Leq.  Leq is the level of a constant sound which, in a 
given situation and time period, has the same sound energy as does a time-varying sound.  
Technically, equivalent sound level is the level of the time-weighted, mean square, A-weighted 
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sound pressure.  Typical noise guidelines are usually related to time of day, since noise impacts 
are generally perceived as being of the nuisance variety in terms of human activity, which also 
varies by time of day.  The results of this monitoring are summarized in Table 8.5-1 below. 
 

TABLE 8.5-1 Hourly Leq Range (dBA) SOE Gas Plant, Sept. 15-16, 2004 

 
The ‘Guideline Values’ are the criteria established by the Nova Scotia Department of the 
Environment in 1991, and are intended to reflect the effect that noise has on man.  The 
Guideline states that “Noise legislation should be designed primarily to protect public health and 
within reasonable economic restraints provide a quiet and restful environment in which to live, 
work and play.” 
 
The context for noise assessment may be assisted by an understanding of typical noise levels 
for a variety of scenarios/activities.  These are exemplified in Table 8.5-2 below. 
 

TABLE 8.5-2 Typical Noise Values (dBA) 
Sound Level (dBA) Descriptor 

0-25 Threshold for Normal Hearing 
10 Normal Breathing 

40 (generally lower limit of ambient sound) Quiet Office, Quiet Residential Street 
50 Rainfall 

50-60 Typical Office 
60-95 Typical Household Appliances 
80-120 Typical Construction Equipment 

110 Jet Takeoff 
 
8.5.2 Lighting 
 
8.5.2.1 Socio-economic 
 
The Project site has virtually no artificial lighting sources.  The surrounding community has 
artificial lighting sources consistent with those found in sparsely populated rural communities.  
Existing ambient light levels were not monitored; however, as with noise levels, they would be 
typical of a semi-rural environment, with some slight impacts from the flare stack at the SOEI 
Gas Plant. 
 
8.5.2.2 Migratory Birds 
 
There are several generalities with regard to migratory bird mortality and lighted structures, 
including lights on high towers to ground level window lights.  Most birds migrate at night and for 
unknown reasons are attracted to light, especially red light.  Birds of all taxa, including 
waterfowl, are susceptible to mortality from collision with lighted objects. 
 

Time Period Leq Range Guideline Value* 
14:00-18:00 45.5-63.7 65 
18:00-23:00 38.6-54.8 60 
23:00-07:00 38.5-52.7 55 
07:00-14:00 39.1-61.4 65 
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8.6 SURFACE WATER 
 
The Keltic Project will touch on three watersheds and their sub-watersheds.  The Project 
components and sub-watershed identities based on Nova Scotia Department of the 
Environment (1980) designation are given in the project-watershed matrix in Table 8.6-1.  The 
watershed locations are shown in Figure 8.6-1. 
 
8.6.1 Water Uses and Users 
 
Figure 8.6-1 shows the locations of water bodies on and near the Keltic plant site.  Table 8.6-2 
presents a summary of basic known and assumed water uses for these water bodies.   
 
In addition to the natural water bodies listed in Table 8.6-2, within the marginal wharf area, the 
second pond south of the lane way to the existing home on the peninsula is a dug pond used for 
cattle. 
 

TABLE 8.6-1 Project-watershed Matrix 
Sub-Watershed Project Component 

Watershed NSEL 
Designation Major Watercourse or Water Body Plant 

Site 
Water 

Supply Off Site 
NTS Map

Sheet  

1EP-SD1 none x   11F/4 
1EQ-SD31 Gold Brook x x1  11F/4 coastal 
1EQ-SD32 none x   11F/4 
1EP-1A Meadow Lake  x  11F/4 
1EP-1B tributary to Meadow Lake  x  11F/4 
1EP-1C tributary to Isaac's Harbour River  x  11F/5 
1EP-1D Garry River  x  11F/5 

Isaac's 
Harbour 
River 

1EP-1E Costley Lake, Isaac's Harbour River  x  11F/4,5 
1EQ-4H Ocean Lake  x1 x 11F/4 New Hbr. 

River 1EQ-4J New Harbour River   x 11F/4 
        Note:  1 – potential back up/contingency water supply only. 
 
8.6.2 Water Quality Methods 
 
As part of the aquatic-biology surveys completed in the Keltic Study Area during 2001, 2004, 
and 2005, evaluation of selected water-quality parameters was undertaken.  In 2001, surveys 
were confined to Gold Brook Lake, Seal Harbour Lake, and Meadow Lake, along with the major 
tributaries to these lakes.  In the spring and summer of 2004, water-quality surveys were 
expanded to include Ocean Lake and New Harbour River.  In 2005, key aquatic features were 
again surveyed. 
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FIGURE 8.6-1  Keltic Study Area Watersheds 
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TABLE 8.6-2 Known, Assumed, and Possible Water Uses in the Keltic Study Area 

Past Uses Current Uses 
Water Body 

Commercial 
Fishing 

Recreational 
Fishing 

Other 
Recreation Mining Drinking 

Supply 
Industrial 

(Other) 
Commercial 

Fishing 
Recreational 

Fishing 
Other 

Recreation Mining Drinking 
Supply 

Industrial 
(Other) 

Ocean Lake  x x     x x    

Meadow 
Lake 

 x    x  x     

Gold Brook 
lake 

 x x x  x  x x   x 

New Harbour 
River 

 x x     x x    

Seal Harbour 
Lake 

 x  x  x  x     

Isaac's 
Harbour River 

 x  x  x  x     

Gold Brook  x  x  x  x     

Dung Cove  x  x    x     

Red Head 
Ponds 

            

Crusher 
Brook 

   x  x       

Betty's Cove 
Brook 

 x      x     

Unnamed 
tributary to 
Dung Cove 

   x  x       

Note: Industrial (other) implies use for logging or as energy to run small mills. 
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Basic water-quality parameters measured during these surveys included temperature, dissolved 
oxygen (DO), pH, conductivity, and salinity where applicable.  All parameters were determined 
with the use of a Yellow Springs Instrument 650 Multi Parameter Display System.  This metre 
was calibrated daily with the use of standard and accepted methods.  Additionally, samples 
were collected for lab analysis for general chemistry, dissolved metals, and some for mercury, 
using the following protocol: 

• General chemistry samples collected in 200 millilitre (ml) polyethylene bottles with no 
preservatives. 

• Dissolved metals samples field filtered to 0.45 micrometre (µm) using millipore Luer-Lok 
filters attached to a new (sterile) 60 ml syringe for each water sample.  Raw water was 
used to rinse the syringe twice before attaching the filter.  Filtered samples were placed 
into 50 ml polyethylene bottles, to which nitric acid was added for sample preservation. 

• Mercury samples were collected by syringe and then transferred into 100 ml amber 
glass bottles with Teflon-lined cap; potassium dichromate in nitric acid was added as a 
preservative before sample collection.  Each bottle was filled to zero head space but not 
allowed to overflow so as to not lose preservative. 

 
Samples were stored in coolers with ice pack immediately until delivery to Maxxam Analytics 
Inc. in Bedford, Nova Scotia.  Maximum sample storage time was seven days.  Samples were 
analyzed using the lab protocol summarized in Table 8.7-3 located in Section 8.7.2. 
 
8.6.3 Water Quality in Study Area Lakes, Rivers and Ponds – Offsite 
 
A summary of basic field water-quality parameters measured during the biological surveys in the 
Keltic Study Area is presented in Table 8.6-3 and Table 8.6-4.  A summary of the lab analytical 
results for water samples collected from these is presented in Table 8.6-5.  The local 
watersheds and water sample collection locations are shown in Figure 8.6-2. 
 
8.6.3.1 Meadow Lake 
 
Meadow Lake is the largest body of water in the Isaac’s Harbour River - Meadow Lake 
watershed.  This lake is relatively shallow, with a maximum depth of about 2 m. Dissolved 
oxygen levels were within normal ranges during all surveys.  Conductivity is low because of the 
nature of the geology associated with this watershed.  Humic substances concentrations are 
elevated, as are total organic carbon, colour, and aluminum, which may be present as an 
organic chelate.  Aluminum values exceeded the CCME guideline in all samples. 
 
Copper and lead were found present above CCME guideline values in only one water sample 
collected in March 2002.  This result may represent an anomalous event or a sampling error.  
Iron and manganese are both present in varying concentrations, sometime exceeding both, the 
CCME aquatic habitat and drinking water guidelines. 
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TABLE 8.6-3 Surface Water Quality - Offsite 

Aquatic 
System Location Survey Temperature 

(°C) Conductivity  
Dissolved 

Oxygen 
(mg/L) 

pH 

Meadow 
Lake 

Northeast Inlet 
0603321 E 
5011240 N 

Spring, 
2004 

13.8 26.3 11.03 4.2 

Meadow 
Lake 

Northwest Inlet 
0603301 E 
5011301 N 

Spring, 
2004 

11.7 35.3 12.25 3.4 

Meadow 
Lake 

East Branch 
Tributary Inlet 

0604555 E 
5010807 N 

Spring, 
2004 

14.3 33.8 9.68 4.14 

Meadow 
Lake 

Western Shore 
0604228 E 
5009951 N 

Spring, 
2004 

15.6 - 9.95 4.19 

Meadow 
Lake 

Centre of South 
Bay 

0604284 E 
5009138 N 

Spring, 
2004 

16.9 33.1 9.53 4.24 

Meadow 
Lake 

Outlet  
0604284 E 
5008371 N 

Spring, 
2004 

18.9 32.8 8.57 4.96 

Gold Brook 
Lake 

Centre of Lake 
0606799 E 
5007492 N 

Spring, 
2004 

15.6 35.2 9.9 4.79 

Gold Brook 
Lake 

Western Inlet 
0606330 E 
5007538 N 

Spring, 
2004 

18.6 37.4 7.93 4.61 

  Spring, 
2005 

11.04 34.0 9.32 4.70 

Gold Brook 
Lake 

Northern Inlet 
0606926 E 
5007853 N 

Spring, 
2004 

17.8 35.0 9.70 4.38 

  Spring, 
2005 

16.45 28.0 9.76 5.18 

Gold Brook 
Lake 

Eastern Inlet 
0607371 E 
5007447 N 

Spring, 
5.182005 

16.29 28.0 9.37 5.32 

Gold Brook 
Lake 

Eastern Shore 
0607150 E 
5006562 N 

Spring, 
2004 

18.8 33.9 8.88 4.62 

Gold Brook 
Lake 

Outlet 
0607042 E 
5006358 N 

Spring, 
2005 

17.5 28.0 9.08 5 
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Aquatic 
System Location Survey Temperature 

(°C) Conductivity  
Dissolved 

Oxygen 
(mg/L) 

pH 

Gold Brook 
Lake 

Northern Shore 
0606932 E 
5008080 N 

Spring, 
2005 

16.83 28.0 9.53 5.06 

Ocean 
Lake 

Northern Inlet 
0608363 E 
5011123 N 

Spring, 
2004 

15.4 32.0 11.15 3.78 

  Spring, 
2005 

15.08 25.0 10.17 5.17 

Ocean 
Lake 

Outlet 
0609964 E 
5011237 N 

Spring, 
2004 

13.2 24.9 13.2 3.89 

  Spring, 
2005 

19.13 26.0 10.14 5.24 

Ocean 
Lake 

Western Shore 
0609391 E 
5010069 N 

Spring, 
2005 

16.83 25.0 10.22 5.43 

Ocean 
Lake 

Western Inlet 
0609814 E 
5009289 N 

Spring, 
2004 

14.7 26.7 12.62 3.77 

  Spring, 
2005 

19.76 26.0 11.02 5.02 

Ocean 
Lake 

Eastern Shore 
0611900 E 
5009529 N 

Spring, 
2005 

16.92 25.0 10.3 5.51 

Ocean 
Lake 

Southern Inlet 
0611667 E 
5008045 N 

Spring, 
2004 

16.8 30.0 11.55 4.04 

  Spring, 
2005 

14.02 35.0 9.80 4.74 

Ocean 
Lake 

Centre of Lake 
0610095 E 
5009338 N 

Spring, 
2004 

13.4 25.5 12.34 3.89 

   13.6 23.7 11.15 3.95 

Ocean 
Lake 

Centre of 
Southeast Cove 

0611207 E 
5008045 N 

Spring, 
2004 

16.7 27.0 10.83 4.22 

  Spring, 
2005 

16.78 24.0 9.95 5.51 

New 
Harbour 

River 

0611636 E 
5011299 N 

Spring, 
2004 

13.7 - 9.76 5.01 

New 
Harbour 

River 

0610894 E 
5011717 N 

Summer 
2004 

20.2 60.0 9.08 4.8 
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TABLE 8.6-4 Water-Chemistry Profile of Ocean Lake, Spring 2005 

Depth 
(m) 

Temperature 
(ºC) 

Conductivity  
(µS/cm)  

DO  
(mg/L) 

pH 

1 15.08 25.0 10.18 5.42 

2 15.22 25.0 10.13 5.43 

3 15.14 25.0 10.12 5.39 

4 15.12 25.0 10.13 5.41 

5 14.98 25.0 10.13 5.38 

6 14.73 25.0 10.14 5.36 

7 14.54 25.0 10.14 5.34 

8 11.12 25.0 10.97 5.45 

9 10.28 25.0 11.02 5.43 

10 10.08 25.0 11.02 5.42 

11 9.81 25.0 10.89 5.40 

12 9.65 25.0 10.86 5.38 

13 9.55 25.0 10.82 5.39 

14 9.53 25.0 10.81 5.38 

15 8.48 25.0 10.80 5.37 

16 9.46 25.0 10.78 5.36 
* microsiemens (µS) 
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TABLE 8.6-5 Lab Analysis Results for Off Site Water Samples 



Ocean Lake New Hbr. River
30-Sep-01 09-Nov-01 11-Mar-02 28-Jun-02 19-Oct-02 30-Sep-01 09-Nov-01 11-Mar-02 28-Jun-02 19-Oct-02 30-Sep-01 09-Nov-01 30-Sep-01 09-Nov-01 11-Mar-02 28-Jun-02 19-Oct-02 31-May-04 31-May-04

Sample ID/parameter MAC/IMAC AO Fresh Marine 058B01-GB1-1 058B01-GB1-2 058B01-GB1-3 058B01-GB1-2806 058B01-GB1-191002 058B01-GB2-1 058B01-GB2-2 058B01-GB2-3 058B01-GB2-2806 058B01-GB2-191002 058B01-GB3-1 058B01-GB3-2 058B01-ML1 058B01-ML1-2 058B01-ML1-3 058B01-ML1-2806 058B01-ML1-191002 058D01-OL1 058D01-NHR1
Humic Substances Sub mg/L 38 56 35 24 27 28 24 30 51 30 23 1
Tannin & Lignin mg/L 3.8 8.3 1.8 2.5 2.2 3.4 3.7 3 0.1
Sodium (Na) mg/L 200 4.1 4.9 3.5 4.4 3.9 3.2 3.6 3.8 3.2 3.5 3.9 5 3.3 3.7 3.2 3.2 3.3 3.3 3.3 0.1
Potassium (K) mg/L 0.5 0.5 0.3 ND 0.4 0.3 0.4 0.4 ND 0.3 0.7 0.7 0.6 0.4 0.4 0.3 0.3 0.3 0.2 0.1
Calcium (Ca) mg/L 2.4 1.2 0.5 0.6 1 0.6 0.7 0.7 0.9 0.8 1.2 1.7 0.7 0.7 0.7 0.8 1.1 0.5 0.5 0.1
Magnesium (Mg) mg/L 0.8 0.9 0.4 0.4 0.6 0.4 0.6 0.5 0.4 0.5 0.6 0.8 0.7 0.6 0.4 0.3 0.5 0.4 0.4 0.1
Alkalinity (as CaCO3) mg/L ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 5
Sulphate (SO4) mg/L 500 21 ND 10 18 14 12 2 10 10 9 14 3 19 2 6 7 8 ND 2 2
Chloride (Cl) mg/L 250 5.6 6.4 6 5 6 4.8 4.9 6 4 6 5.8 7.7 4.7 5.4 5 4 6 4 5 1
Reactive Silica (SiO2) mg/L 4.6 6.1 2.5 3.4 3.6 1.3 2 2.4 1.4 2.5 2 4.8 2.7 3.3 2.4 0.8 2.5 0.9 ND 0.5
Orthophosphate (P) mg/L 0.02 ND ND 0.02 0.03 0.01 0.02 ND 0.01 0.01 0.03 ND 0.02 ND ND 0.01 ND ND ND 0.01
Phosphorus (P) mg/L 0.1 ND ND ND 0.1 ND ND 0.1 0.1 0.1 ND ND ND ND ND 0.1 ND ND ND 0.2
Nitrate + Nitrite mg/L ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.05
Nitrate (N) mg/L 45 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.05
Nitrite (N) mg/L 3.2 0.06 ND ND ND 0.01 ND ND ND ND ND 0.02 ND ND ND ND ND ND 0.01 ND ND 0.01
Nitrogen (Ammonia Nitrogen) mg/L 1.37 – 2.20 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.05
Total Organic Carbon (C) mg/L 12.5 21.5 7.9 11 19.7 6.5 7.4 8.6 5.8 12.6 8.1 9.4 15.6 8.2 5.2 5.3 11.8 2.2 2.1 0.5
Colour TCU 15 71 140 39 120 140 34 58 41 66 100 47 100 68 49 25 54 82 17 16 5
pH pH 6.5 – 8.5 6.5-9.0 7.0-8.7 5.2 4.5 4.4 4.9 4.5 5.4 5 4.5 5.1 4.9 5.6 5.6 4.7 5.1 4.7 5.1 4.8 6.6 5.4 N/A
Turbidity NTU 1 5 0.5 0.6 ND 0.4 0.3 0.8 0.7 ND 0.7 0.6 1.1 0.9 0.6 2.1 ND 1.2 0.5 1.2 0.2 0.1
CoNDuctivity uS/cm 34 50 42 33 44 26 31 43 27 33 32 42 33 36 33 26 32 25 26 1
Calculated TDS mg/L 500 42 23 26 36 33 26 15 27 23 26 32 25 34 17 21 20 25 15 15 1
Hardness (CaCO3) mg/L 9.3 6.7 2.9 3.1 5 3.1 4.2 3.8 3.9 4.1 5.5 7.5 4.6 4.2 3.4 3.2 4.8 2.9 2.9 N/A
Bicarb. Alkalinity (calc. as CaCO3) mg/L ND ND ND ND ND ND ND ND ND ND ND 2 ND ND ND ND ND ND ND 1
Carb. Alkalinity (calc. as CaCO3) mg/L ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 1
Cation Sum me/L 0.39 0.4 0.26 0.28 0.31 0.22 0.26 0.29 0.23 0.26 0.3 0.39 0.27 0.27 0.24 0.22 0.27 0.21 0.21 N/A
Anion Sum me/L 0.69 0.25 0.48 0.62 0.56 0.49 0.2 0.48 0.42 0.46 0.57 0.32 0.61 0.22 0.37 0.36 0.44 0.26 0.29 N/A
Ion Balance (% Difference) % 28.4 23.3 29.6 37.2 28.4 38.4 13.1 25.3 29 28.3 30.9 9.66 38 10.2 21.1 23.8 24.4 9.57 14.4 N/A
Langelier INDex (@ 20C) N/A -5.54 -7.24 -6.72 -6.22 -6.62 -5.72 -6.81 -6.62 -6.02 -6.22 -5.44 -5.68 -6.42 -6.71 -6.41 -6.01 -6.28 -4.51 -5.71 N/A
Langelier INDex (@ 4C) N/A -5.14 -6.84 -6.32 -5.82 -6.22 -5.32 -6.41 -6.22 -5.62 -5.82 -5.04 -5.28 -6.02 -6.31 -6.01 -5.61 -5.88 -4.11 -5.31 N/A
Saturation pH (@ 20C) N/A 10.7 11.7 11.1 11.1 11.1 11.1 11.8 11.1 11.1 11.1 11 11.3 11.1 11.8 11.1 11.1 11.1 11.1 11.1 N/A
Saturation pH (@ 4C) N/A 10.3 11.3 10.7 10.7 10.7 10.7 11.4 10.7 10.7 10.7 10.6 10.9 10.7 11.4 10.7 10.7 10.7 10.7 10.7 N/A
Aluminum (Al) ug/L 5 – 100 270 470 150 270 410 200 210 200 210 350 170 210 400 210 160 180 290 130 100 10
Antimony (Sb) ug/L 6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 2
Arsenic (As) ug/L 25 5 12.5 ND ND ND ND ND 11 5 3 38 12 270 150 2 ND 2 2 2 ND ND 2
Barium (Ba) ug/L 1000 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 5
Beryllium (Be) ug/L ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 2
Bismuth (Bi) ug/L ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 2
Boron (B) ug/L 5000 5 5 ND ND 6 ND ND ND ND 5 ND 5 ND ND ND ND ND ND ND 5
Cadmium (Cd) ug/L 5 0.017 0.12 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.3
Chromium (Cr) ug/L 50 1 1.5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 2
Cobalt (Co) ug/L ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 1
Copper (Cu) ug/L 1000 2 – 4 ND ND ND ND ND ND ND 10 ND ND ND ND ND ND 140 ND ND ND ND 2
Iron (Fe) ug/L 300 300 320 550 150 350 520 180 210 210 270 340 460 400 420 260 150 230 310 160 70 50
Lead (Pb) ug/L 10 1 – 7 0.5 1 ND 0.7 0.9 ND ND 0.7 0.7 0.6 ND ND ND ND 1.1 ND ND ND ND 0.5
Manganese (Mn) ug/L 50 13 15 11 7 11 18 18 25 17 19 33 27 51 30 53 29 26 24 15 2
Molybdenum (Mo) ug/L 73 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 2
Nickel (Ni) ug/L 25 – 150 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 2
Selenium (Se) ug/L 10 1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 2
 Silver (Ag) ug/L 0.1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.5
Strontium (Sr) ug/L 10 13 5 6 9 6 7 7 6 7 8 11 8 8 5 5 7 5 6 5
Thallium (Tl) ug/L 0.8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.1
Tin (Sn) ug/L ND ND ND ND ND ND ND ND ND ND ND ND ND ND 40 ND ND ND ND 2
Titanium (Ti) ug/L 3 6 ND 3 4 2 3 2 2 2 2 3 3 3 2 2 2 2 ND 2
Uranium (U) ug/L 100 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.1
Vanadium (V) ug/L ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 2
Zinc (Zn) ug/L 5000 30 10 6 3 6 11 4 5 43 12 22 5 6 6 7 16 4 13 ND ND 5
ND = Not detected
CCME – assumes lowest values (i.e. haxavalent chromium vs. trivalent, etc)
Values that exceed one CCME guideline value or another (guideline may or may not be applicable to water use)  are shaded.
CCME MAC = maximum allowable concentration, IMAC = interim MAC, AO = aesthetic objective

Aquatic LifeDescription

TABLE 8.6-5 Lab Analysis Results for Off Site Water Samples

Detection 
Limit

Gold Brook at Station GB1 Gold Brook at station GB2              Gold Brook at GB3 Issacs Harbour River at ML1
Units

CCME Guidelines Values (2003)
Drinking Water
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FIGURE 8.6-2  Location of the Study Rain Gauges and Environment Canada Climate Stations 
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Substrates in the shallow waters around the lake are dominated by boulder and cobble, with 
occasional patches of sand and gravel.  In deeper waters, the substrate is virtually all silt.  Sand 
and gravel beaches are located along several stretches of the shoreline. 
 
Nine tributaries discharge to Meadow Lake, the locations of which are illustrated in Figure 8.12-
2.   Following is a summary of key characteristics of each:  
 
Tributary 1 
 
Tributary 1, the Isaac’s Harbour River originates 10 km north of Meadow Lake in the vicinity of 
Garry Lake.  The Isaac’s Harbour River is sinuous in nature and is generally characterized by 
riffle-pool-run sequences, undercut banks, and overhanging riparian vegetation.  The substrates 
in the channel are dominated by gravel and sand.  In the lowermost reaches of the watercourse, 
riparian vegetation consists of grasses, sedges, rhodora, speckled alder, and black spruce. 
 
Tributary 2 
 
Tributary 2 originates approximately 1.5 km northwest of its discharge on the west side of 
Meadow Lake.  The channel associated with this first-order watercourse is well defined with a 
bankfull width and depth of approximately 2.9 m and 0.35 m respectively.  Channel substrates in 
the lower reaches are dominated by organic fines and sands where the watercourse meanders 
through open wetland meadow habitat   Riparian vegetation includes white and black spruce, 
rhodora, sweet gale, leatherleaf, grasses, moss and pitcher plant. 
 
Tributary 3 
 
Tributary 3 is a very small first-order drainage feature discharging to the southwest shore of 
Meadow Lake.  The channel is generally well defined with an average bankfull width and depth 
of about 0.4 m and 0.25 m.  Substrates in the channel consist mostly of sand, with occasional 
isolated cobbles and gravel.  Riparian vegetation includes sweet gale, grasses, leatherleaf, 
rhodora, grasses, black and white spruce, tamarack, red maple, white birch, and speckled alder.  
 
Tributary 4 
 
Tributary 4 is a small first-order watercourse originating approximately 300 m east of Meadow 
Lake.  The channel is moderately well defined with an approximate bankfull width and depth of 
approximately 0.5 m and 0.3. m in the lower reaches.  Throughout much of its length, it 
meanders through open wetland meadow.  Substrates in the channel are dominated by sands 
and organic sediments.  Riparian vegetation consists of grasses, leatherleaf, rhodora, sheep 
laurel, black spruce, and tamarack.   
 
Tributary 5 
 
Tributary 5 is a small first-order watercourse that originates about 350 m east of Meadow Lake.  
The channel appears moderately well defined with an average bankfull width and depth of 
approximately 0.4 m and 0.25 m in the downstream-most reaches.  Channel substrates are  
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FIGURE 8.12-2 Tributaries Feeding Meadow Lake  
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dominated by organics, silt and sand.   As with Tributary 4, this watercourse is almost entirely 
located in an open area of wetland meadow with riparian vegetation consisting of grasses, 
leatherleaf, rhodora, wild grape, speckled alder, black spruce, and tamarack.   
 
Tributary 6 
 
Tributary 6 is a first-order watercourse which originates approximately 650 m east of Meadow 
Lake.  In the downstream-most reaches, the channel is well defined with an average bankfull 
width and depth of about 2.5 m and 0.6 m respectively.  Substrates are dominated by organic 
silts and sand with riparian vegetation including grasses, sedges, leatherleaf, speckled alder, 
and tamarack.  Except for the headwater reaches of this tributary, it is located in open wetland 
meadow habitat. 
 
Tributary 7 
 
The headwaters of Tributary 7 are located northeast of Meadow Lake in the vicinity of Beech Hill 
Lake and Little Beech Hill Lake.  This watercourse is the second largest draining to Meadow 
Lake after Isaac’s Harbour River. The channel is well defined with an average bankfull width 
and depth of about 5.0 m and 0.6 m.  Channel substrates in the downstream-most reaches are 
dominated by sand and gravel, with occasional deposits of silt.  Riparian vegetation is 
dominated by alder, spruce, and tamarack.  At the road crossing located approximately 1 km 
upstream, substrates consist of boulder, bedrock and cobble and riparian vegetation is almost 
entirely speckled alder. 
 
Tributary 8 
 
Tributary 8 is a first-order watercourse originating about 1 km north of Meadow Lake.  The 
tributary appears to be relatively well defined in the vicinity of the lake, with substrates 
dominated by sand and organic silt.   The downstream-most reaches of this watercourse are 
located mostly in woodland habitat, with riparian vegetation dominated by black spruce, 
tamarack, and alder. 
 
Tributary 9 
 
Tributary 9 originates about 1 km north of Meadow Lake. It is a first-order watercourse with a 
well defined channel and distinct meanders, particularly in the reaches upstream of the lake.  
For approximately the first 250 m upstream, the channel is located in an open wetland meadow 
and has substrates consisting mainly of fine organic silt with some sand.  Riparian vegetation 
includes grasses, sedges, rhodora, speckled alder, black spruce, and tamarack. 
 
A summary of fish species collected in Meadow Lake is presented in Table 8.12-1, and the 
detailed survey results are given in Appendix 9. 
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TABLE 8.12-1 Fish Species Collected in Meadow Lake 

Scientific Name Common Name 

Anguilla rostrata American eel 

Pungitius pungitius Nine spine stickleback 

Catostomus commersonii  White sucker 

Salvelinus fontinalis Brook trout 

Notemigonus crysoleucas Golden shiner 

Perca flavescens Yellow perch 

Salmo salar Atlantic salmon 

 
The fish community in Meadow Lake is dominated by yellow perch.  White suckers are also a 
significant constituent of the community, with brook trout and golden shiners in relatively low 
abundance.  The most notable result of the fish collections in this lake was the capture of an 
Atlantic salmon during the 2001 surveys - a mature male in spawning condition.  Local residents 
report that this species has historically migrated up the Isaac’s Harbour River from the Atlantic 
Ocean; and although Meadow Lake is not typical of Atlantic salmon habitat, it is likely that the 
salmon use Isaac’s Harbour River upstream and perhaps downstream of Meadow Lake for 
spawning.  Local residents also indicated that the low flows of some recent years have 
precluded salmon migration in this watercourse. 
 
Although juveniles of most species were collected during the surveys, no juvenile Atlantic 
salmon were captured during any survey of 2001, 2004, and 2005 in Meadow Lake and 
associated tributaries.  This, combined with the capture of only one adult in this watershed 
during the Keltic studies, may be indicators of the present status of Atlantic salmon in the 
Meadow Lake system. 
 
With the exception of American eel which spawns at sea, all fish species collected in Meadow 
Lake would be expected to spawn in the Meadow Lake watershed.  Nine spine stickleback likely 
spawns virtually anywhere in the watershed, and yellow perch, golden shiner probably spawn in 
Meadow Lake.  Brook trout and white sucker likely use the tributaries to Meadow Lake for 
spawning purposes.  Meadow Lake also provides abundant nursery and feeding habitat for all 
constituents of the fish community. 
 
Invertebrates noted around the lake margins included mayfly, caddis fly, planaria, leaches, 
beetles, water striders, and chironomids. 
 
8.12.1.3 Gold Brook Lake 
 
The headwaters of Gold Brook Lake originate at Oak Hill Lake, a small lake situated almost 
midway between Ocean Lake and Meadow Lake.  Gold Brook Lake has two main tributaries, 
both of which discharge to the lake along the north shore and one of which is the watercourse 
from Oak Hill Lake.  Gold Brook Lake discharges to Gold Brook at Gold Brook Road, a location 
at which there are the remains of several former gold mines.  Gold Brook flows generally south 
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easterly to Seal Harbour Lake, and from there through East Brook and West Brook to the 
Atlantic Ocean at Warrington’s Cove.  The location of Gold Brook Lake is illustrated in Figure 
8.12-1. 
 
Riparian vegetation is generally dense, uniform and dominated by black spruce, balsam fir, 
tamarack, red maple, sheep laurel and leatherleaf, labrador tea, rhodora, pitcher plant, bog 
laurel, peat moss and horsetail and a variety of grasses and sedges.  Stonewort was observed 
at several locations within the lake.  
 
Shallow water substrates are dominated by boulder and cobble, with occasional small gravel 
beaches.  Substrates in the vicinity of the Gold Brook Lake outlet consist primarily of fine sandy 
materials, much of which is tailings from the former gold-mining operations. 
 
A summary of fish species collected in Gold Brook Lake is presented in Table 8.12-2, with the 
detailed survey results given in Appendix 9. 
 

TABLE 8.12-2 Fish Species Collected in Gold Brook Lake 

Scientific Name Common Name 

Fundulus diaphanus Banded killifish 

Perca flavescens Yellow perch 

Salvelinus fontinalis Brook trout 

 
The fish community in Gold Brook Lake is dominated by yellow perch.  Brook trout are also 
present in the lake and in Gold Brook.  Brook trout requires ground-water discharge for 
successful spawning.  The presence of this species in Gold Brook Lake indicates that this is a 
spring-fed system and that the water quality is likely relatively high.  American eels were not 
collected during any survey but have been reported as present by local residents and by 
previous studies.  This species is catadromous, which means that they reproduce in the ocean 
and migrate to fresh-water rearing habitat.  The presence of this species in Gold Brook Lake 
confirms that there is un-obstructed passage for eels between this lake and the Atlantic Ocean. 
 
Invertebrates noted in Gold Brook Lake and in the vicinity of the discharge included mayfly and 
caddisfly, both of which are typical indicators of relatively good water quality.  Blackflies, 
beetles, and leaches were also noted. 
 
8.12.1.4 Ocean Lake 
 
Ocean Lake is relatively deep, with maximum depth reaching approximately 20 m.  Four small 
tributaries feed the lake, with the largest being that which originates at Indian Man Lake located 
approximately 2 km to the northwest.  Ocean Lake discharges to New Harbour River.  The 
location of Ocean Lake is illustrated in Figure 8.12-1. 
 
Riparian vegetation around Ocean Lake is dense, uniform, and dominated by black spruce, 
balsam fir, tamarack, sheep laurel, and leatherleaf. 
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Aquatic macrophytes are relatively sparse in this area, although some stands are present in the 
shallower waters of Southeast Cove and near the discharge of the lake.  Species included tape 
grass, pickerel weed, and yellow pond lily.  The shallow-water substrates around the margin of 
Ocean Lake are generally uniform and consist of boulders, cobble, gravel, and sand. 
 
A summary of fish species collected in Ocean Lake is presented in Table 8.12-3, with the 
detailed survey results given in Appendix 9. 
 

TABLE 8.12-3 Fish-Species Collected in Ocean Lake 

Scientific Name Common Name 

Anguilla rostrata American eel 

Pungitius pungitius Nine spine stickleback 

Fundulus diaphanus Banded killifish 

Catostomus commersonii White sucker 

Salvelinus fontinalis Brook trout 

 
In terms of biomass, the fish community in Ocean Lake appears dominated by white sucker, 
with banded killifish and nine spine stickleback contributing relatively large numbers to the 
catches White sucker and brook trout likely spawn in the inflowing tributaries and perhaps in the 
lake outlet, with killifish and nine spine stickleback spawning in those areas of the lake having 
aquatic vegetation.  The entire Ocean Lake sub-watershed also provides nursery and feeding 
habitat for all constituents of the fish community. 
 
8.12.1.5 New Harbour River 
 
The headwaters of New Harbour River originate in the vicinity of Ephraims Lake.  The Northeast 
Branch New Harbour River and the outlet of Ocean Lake both discharge into New Harbour 
River which eventually flows into Upper New Harbour.  The location of New Harbour River is 
illustrated in Figure 8.12-1. 
 
Riparian vegetation along most of the river is dominated by black spruce, red maple, balsam fir, 
speckled alder, rhodora, sheep laurel, peat moss, and a variety of grasses and sedges.  Typical 
bank-full width in the river downstream of the Ocean Lake discharge is about 17 m with a bank-
full depth of approximately 0.6 m. 
 
Substrates throughout the river are relatively uniform, consisting of boulder, cobble, and gravel.  
Overhanging vegetation, undercut banks and deep pool and riffle-run flows provide high-quality 
habitat.  The channel appears stable throughout all reaches examined. 
 
A summary of fish species collected in New Harbour River is presented in Table 8.12-4, with the 
detailed survey results given in Appendix 9.   
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TABLE 8.12-4 Fish Species Collected in New Harbour River 

Scientific Name Common Name 

Anguilla rostrata American eel 

Fundulus diaphanus Banded killifish 

Salmo salar Atlantic salmon 

Salvelinus fontinalis Brook trout 

 
The most noteworthy result of the fish collections in New Harbour River is the presence of 
numerous juvenile Atlantic salmon.  This is the only aquatic system in the Keltic Study Area 
where salmon at this life-cycle stage were found.  Adult and juvenile brook trout were also 
frequent constituents of the catch. 
 
8.12.1.6 Red Head Peninsula Ponds 
 
Several ponds are located on Red Head Peninsula situated near the entrance to Isaac’s 
Harbour.  Some are fresh water and some are brackish, and all ponds had fish - ranging from 
one to five species.  Blue heron were frequently observed feeding in all ponds in this part of the 
Keltic Study Area. 
 
Pond 1 
 
Pond 1 is located on the northwest side of Red Head (Figure 8.12-3).  Aquatic substrates are 
dominated by organic silt.  Stumps, woody debris, and overhanging vegetation provide some 
structural habitat for aquatic biota.  Vegetation associated with this pond includes tape grass, 
Richardson’s pondweed, sweetflag, broad-leaved arrowhead, rushes, grasses, cinnamon fern, 
caraway, cow vetch, lily of the valley, wild strawberry, wild red raspberry, sweet gale, marsh 
cinquefoil, Canada thistle, Canada goldenrod, tall meadow rue, mountain holly, rhodora, 
leatherleaf, speckled alder, common juniper, tamarack, and white spruce. 
 
A total of five fish species were collected in this pond during the fall of 2004 and spring of 2005; 
American eel, banded killifish, brook trout, mummichog, and ninespine stickleback.  
 
Pond 2 
 
Pond 2 is situated immediately south of Pond 1 on the northwest side of Red Head (Figure 
8.12-3).  Pond substrates are predominantly organic silt with cobble patches along the margins.  
Aquatic and riparian vegetation consists of tape grass, yellow pond lily, sweetflag, grasses, 
cinnamon fern, cow vetch, wild red raspberry, wild strawberry, sweet gale, Canada goldenrod, 
rhodora, speckled alder, smooth serviceberry, and white spruce.  American eel was the only 
species found in this pond 
 
Pond 3 
 
Pond 3 is located on the western side of Red Head (Figure 8.12-3).  Substrates in the pond 
consist of organic silt with small areas of cobble and gravel at places around the pond shoreline.  
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Aquatic and riparian vegetation within the pond include wild rice, grasses, beach pea, sea 
lungwort, common dandelion, grass leaved stitchwort, cow vetch, garden lupin, greater 
arrowgrass, wild strawberry, cinnamon fern, Canada goldenrod, sweet gale, leather leaf, 
speckled alder, and white spruce. 
 
Three fish species were collected in this pond during the spring 2005 surveys; ninespine 
stickleback, threespine stickleback, and banded killifish. 
 
Pond 4 
 
Pond 4 is located southwest of Pond 5, and is the southernmost pond on Red Head (Figure 
8.12-3).  Pond substrates are dominated by cobble and gravel overlain by organic silt.  A thick 
mat of filamentous algae was noted throughout the pond.  Aquatic and riparian vegetation in the 
vicinity of the pond includes slender naiad, grasses, wild raspberry, sea lavender, lovage, 
common dandelion, thistle, beach pea, speckled alder, smooth serviceberry, and white spruce. 
 
A total of three fish species were collected from this brackish pond in 2004 and 2005; threespine 
stickleback, fourspine stickleback, and ninespine stickleback. 
 
Pond 5 
 
Pond 5 is situated immediately to the north of Pond 4 (Figure 8.12-3).  Substrates in this pond 
are dominated by cobble and gravel overlain by organic silt.  The margins of the pond have 
cobble and boulder with occasional woody debris.  Thick stands of filamentous algae were 
noted during the 2004 and 2005 surveys.  Aquatic and riparian vegetation in the vicinity of the 
pond consists of fucus, slender naiad, grasses, wild raspberry, sea lavender, lovage, common 
dandelion, thistle, beach pea, speckled alder, smooth serviceberry, and white spruce. 
 
Three fish species were found in this brackish pond; threespine stickleback, fourspine 
stickleback, and ninespine stickleback. 
 
Pond 6 
 
Pond 6 is located on the northeast side of Red Head near its junction with the mainland (Figure 
8.12-3).  Aquatic substrates are dominated by organic silt with scattered boulders around the 
perimeter of the pond.  The shoreline is dominated by woody debris and grasses, with the 
exception of the eastern shore which is dominated by gravel, cobble, and boulder.  Aquatic and 
riparian vegetation consist of common mare’s tail, tape grass, yellow pond lily, common cattail, 
sweet flag, grasses, marsh cinquefoil, cinnamon fern, sheep laurel, smooth serviceberry, 
speckled alder, tamarack, white spruce, and black spruce. 
 
This is a freshwater tea-coloured pond.  A total of five fish species were collected here during 
the fall 2004 and spring 2005 fisheries surveys; American eel, ninespine stickleback, banded 
killifish, mummichog, and juvenile and adult brook trout. 
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FIGURE 8.12-3 Red Head Peninsula Study Area 
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Betty’s Cove Brook 
 
A first-order headwater tributary of Betty’s Cove Brook originates in the northeast corner of the 
Keltic Site.  This drainage feature flows in a southeasterly, then off site in a southerly direction to 
Crane Lake, which discharges to the Atlantic Ocean at Betty’s Cove Pond.  This tributary 
supports a fish community consisting of brook trout, American eel, and nine spine stickleback.  
Brook trout and nine spine stickleback likely spawn in this watercourse.  It also provides feeding 
and migratory habitat for American eel. 
 
Although there is no indication that there is a fishery in the on-site reaches of this watercourse, 
the headwaters no doubt contribute to the fishery which exists further downstream, and which 
includes species such as brook trout, and American eel.  There are no aquatic “species of 
concern” in this tributary. 
 
8.12.2 Marine Species and Habitat 
 
8.12.2.1 Previous Studies 
 
In response to proposed and constructed industrial projects in recent years, several EAs and 
other studies have been completed over the past decade in order to assess the habitat of the 
area.  These studies have led to an increased knowledge of the marine environment and a 
better understanding of fisheries capability.  Results from these studies, in addition to other 
relevant marine and ecological research from elsewhere in the province, support general 
observations of the biophysical environment of Stormont Bay and surrounding areas.  
 
Information has been compiled in order to help assess the habitat and biological productivity of 
Stormont Bay and surrounding areas, particularly in terms of its relevance to the proposed Keltic 
Facility.  The types of studies carried out for each of these projects are described below. 
 
Habitat Surveys 
 
Between 1995 and 1997, the Guysborough County Coastal Resources Mapping Project 
mapped the fish habitat of coastal Guysborough County (including Stormont Bay, the Keltic 
wharf area, and adjacent areas) based on traditional knowledge of fishermen and other local 
residents and boaters.  Areas of important fish habitat, including fishing areas for scallop, 
lobster, and sea urchin were identified. 
 
Between 1996 and 2000, studies were carried out during the planning, design, and construction 
phases of the SOEP, which was constructed to bring offshore gas into Goldboro near the 
proposed Keltic Facility.  Biophysical studies included plankton surveys, sediment transport 
studies, and habitat assessments for species such as lobster and urchin. 
 
Encana’s Deep Panuke Project also proposed bringing offshore natural gas to shore in a marine 
pipeline near Goldboro.  Fieldwork for an environmental impact assessment was conducted in 
2001 and included an offshore benthic habitat and community survey.  
 
Between 1996 and 2000, Canadian Seabed Research collected bathymetric and geological 
data within Country Harbour and Stormont Bay using sonar and seismic sounding equipment. 
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In 2004, Keltic initiated studies on the proposed wharf and LNG terminal site.  These studies 
included a Remote Operated Vehicle video survey (refer to Figure 8.12-4) of marine habitat in 
the proposed site, a detailed intertidal habitat study of the surrounding shore, and a benchmark 
quadrat survey of selected sites in the vicinity.  
 
Sampling and analysis of ocean floor sediments in Isaac’s Harbour was conducted by the 
Geological Survey of Canada (in association with the NSDNR) in May 2005.  Work was 
performed to measure contaminant levels of mercury and arsenic in sediments associated with 
gold mine tailings.  Due to the location of sampling sites, the work will not provide much 
information to characterize sediments in the area where Keltic is proposing to construct a 
marginal wharf.  However, the collected information can be used to support broader inferences 
of ocean floor contaminants within the larger estuarial and bay ecosystems based upon 
biophysical factors such as sediment type and ocean currents. 
 
Georges Bay 
 
The St. Georges Bay Ecosystem Project (Kellman et al, 2000) is a DFO supported initiative to 
gather existing information related to various biophysical and human use components of the 
estuarial and coastal zones in the St. Georges Bay area.  The research was designed to 
improve overall understanding of abiotic and biotic ecological functions of the St. Georges Bay 
Ecosystem.  This knowledge can be used to complement research in other marine 
environments in Nova Scotia, such as the estuarial and bay habitats in the area of the proposed 
Keltic Facility. 
 
Nova Scotia Museum of Natural History (NSMNH) 
 
The NSMNH issued a two-volume publication in 1997 entitled, “The Natural History of Nova 
Scotia (NSMNH, 1996a, b)”. Volume I describes general habitat types found within Nova Scotia, 
including typical coastal and benthic habitats that occur along the Guysborough coastline.  
Volume II contains more detailed information specific to the region surrounding the proposed 
Keltic Facility that can provide a more complete picture of the region’s ecology, including 
oceanography, climate, landforms, coastal regimes, geology, plants, and animals. 
 
8.12.2.2 Biophysical Environment 
 
The proposed Keltic Facility is located near the coastal waters of Stormont Bay, Country 
Harbour, and Isaac’s Harbour (Figure 1.1-1a).  This area is located within the Guysborough 
Harbours Unit, a coastal ecological zone characterized by long, narrow inlets with steep valley 
sides.  The coastline is submerged, with parallel inlets and estuaries separated by headlands 
typically composed of greywacke or granitic bedrock covered with a thin layer of quartzite till.  
Glaciofluvial deposits of coarse sand and gravel are found in many of the river valleys, while the 
coastline is generally rockier with few sand beaches (NSMNH, 1996b). 
 
The Goldboro area is underlain by the metamorphosed sandstones and silts of the Meguma 
Group, principally the Goldenville Formation, with small intrusions of the granitic South Mountain 
Batholith.  This bedrock is covered by glacial tills on land, and by silty to sandy loose sediments 
off the coast.  
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FIGURE 8.12-4 Remote Operated Vehicle Transect Locations 
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Stormont Bay is predominantly covered with fine sand and silt with scattered rock shoals.  The 
subtidal zone, generally extending to depths of about 15 meters below mean low water, has a 
predominantly sand and gravel bottom (NSMNH, 1996b).  The near-shore marine habitat at Red 
Head has a substrate of boulders, cobbles, and pebbles, with finer materials such as sand and 
gravel in more protected bays. 
 
The Goldboro area was historically a site of active gold mining.  Evidence of this activity can still 
be seen in the form of abandoned mine sites and tailings dumps.  Gold mine tailings tend to be 
high in arsenic and mercury as a result of the gold extraction process.  Several tailings sites 
have been identified near the Project both on land and in the harbour.  Sediment samples taken 
from the proposed wharf site do not show elevated mercury or arsenic levels and the terrestrial 
sites appear to be well contained.  
 
A recent study by the NSDNR looked at mercury and arsenic contamination levels in Isaac’s 
Harbour and found that while there is a layer within the near surface sediment with an elevated 
metal content, the concentrations are within acceptable limits (Parsons, pers. comm., 2005).  
The sampling site nearest to Red Head shows almost no change in arsenic levels throughout 
the sediment column with a slight elevation of mercury near the surface of the sea bottom.  
 
Wave Climate 
 
Stormont Bay and the estuarial heads of Country Harbour and Isaac’s Harbour are relatively 
open to the ocean and are therefore exposed to significant wave action.  Although inner 
landmasses (such as Harbour Island) offer some protection from wave action, most shoreline in 
Stormont Bay is exposed and unsheltered.  The predominance of large, cobbled beaches is 
indicative of this high-energy wave environment.  Finer substrates, including silts, sands, and 
smaller pebbles, have been eroded or washed away.  Coastline in the vicinity of the proposed 
Keltic wharf follows this pattern with rocky, coarse substrates dominating the shoreline. 
 
There is little fetch and hence limited opportunity for coastal wind driven current to develop 
except in storms.  Offshore wave statistics (AES40) show that most wave energy comes from 
the southern quadrant with the largest storms and waves occurring during winter months.  Wave 
energy near the Project site will be attenuated by the protection afforded by Country Harbour 
Head, other local protuberances, and by the effects of shoaling.  However, it is expected that 
annual storm conditions may occasionally result in seas of 1-2 m in the deeper water near the 
face of the wharf and the LNG terminal. 
 
Currents 
 
Ocean currents transport water from one region to another region, generally within an organized 
geographical flow (pathway) over a period of time.  Currents are influenced by large global 
phenomenon (such as the Coriolis effect), wind, tidal action, and also differences in pressure or 
density gradient caused by salinity, temperature, and water pressure.  Tidal flow is the most 
dominant component affecting currents along inshore coastal regions (CIMAS, 2006).  
 
Major currents on the Scotian Shelf are the Labrador Current and the Cape Breton current 
(which is the outflow of the Gulf of St. Lawrence).  Mixing of these currents with more saline 
water from offshore creates the Nova Scotia Current, a southwesterly flow that predominates in 
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Nova Scotia’s nearshore areas year round.  In more localized coastal areas such as Stormont 
Bay, tidal currents are forced back and forth parallel to the shoreline.  In addition, freshwater 
inflows from Country Harbour River and Isaac’s Harbour River contribute to increased 
circulation of water within the marine environment. 
 
Current energy in this area is dominated by tidal flows.  Some ‘freshet’ flow, primarily from 
Isaac’s Harbour and Country Harbour Rivers, may have an influence in the spring.  Relatively 
strong tidal streams of the order 10 cm/s are predicted for near the proposed marginal wharf by 
simple models (i.e., based on the tidal prism) in response to the need for water to be 
transported upstream into Isaac’s Harbour. 
 
Marine Water Quality 
 
The relative concentrations of major ions, such as sodium and chloride, are relatively constant 
throughout the oceans.  Some differences in water quality occur as deeper more nutrient rich 
waters mix with surface waters, which are in turn influenced by major outflows, such as the St. 
Lawrence River and the Nova Scotia Current.  Approximately 86% of the total salt content of 
seawater is due to sodium and chloride ions, with magnesium and sulphate ions contributing an 
additional 11%.  Other major ions are present in much lower concentrations. 
 
Seawater also has a high buffering capacity of acids and bases.  During periods of high 
phytoplankton production, the uptake of CO2 can cause localized changes in ionic balance. 
 
The water quality near Keltic facilities is also influenced by freshwater discharge, primarily from 
the Isaac’s Harbour and Country Harbour Rivers.  During the low flow summer months, this 
influence is minor. 
 
Habitat 
 
There is a diversity of marine habitats in Stormont Bay and surrounding area that includes 
freshwater, estuarial, nearshore, and deepwater environments.  These habitats are defined by 
vegetation, type and variability of ocean substrate, and shoreline and bottom topography.  
Habitat type is influenced by a number of factors including nutrient input, water temperature and 
salinity, depth and stability of the water column, tidal action, and wave action caused by wind 
and currents.  
 
Freshwater inflow to Stormont Bay from the Country Harbour and Isaac’s Harbour watersheds 
gives the harbours their estuarial characteristics.  The entrance to these harbours is unimpeded 
by the thick, glaciofluvial deposits (sills) found in many other inlets in the area, so water flow and 
mixing is less restricted (NSMNH, 1996b).  This results in greater circulation of water and 
nutrients between Stormont Bay and the estuarine heads of the Harbours.  The estuarine 
environment also receives greater saltwater inflow due to its openness to Stormont Bay. 
 
Country Harbour River and Isaac’s Harbour River watersheds, in addition to smaller tributaries 
along the coastline, supply most of the freshwater to Stormont Bay.  Freshwater inflow is 
highest in spring and winter, with peak flows occurring in April.  In estuarial headwaters 
freshwater will layer overtop of the deeper saltwater column beneath.  The degree of mixing and 
circulation that occurs depends upon a number of factors including tidal influences, freshwater 
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inflows, storm conditions, and saltwater inflow characteristics.  Therefore, circulation patterns 
can vary seasonally and annually.  The complex interaction between freshwater, tides, and 
geology creates a number of different estuarine habitat types, resulting in a greater diversity of 
species and higher productivity in this environment. 
 
The Guysborough County Coastal Resources Mapping Project (1995) mapped habitat types 
that support specific benthic invertebrates (such as lobster and scallop) in Stormont Bay and 
surrounding areas.  Significant variation in the marine habitat occurs at water depths of less 
than 20 m and up to one kilometre from shore.  The near-shore marine habitat at Red Head, the 
site of the proposed marginal wharf, has a substrate of boulders, cobbles, and pebbles, with 
finer materials such as sand and gravel prevalent in more protected bays.  A narrow band of 
coarser sediment with relatively sparse macro algae cover stretches from the shoreline seaward 
for approximately 50 m.  Marine plants such as kelp are associated with rockier areas, while 
eelgrass beds occur on sandy substrates (see Figure 8.12-5).  These habitat variations are 
similar to what predominates in nearshore coastal areas elsewhere in Stormont Bay.  
 
Stormont Bay is open to the ocean and is not as influenced by fresh water inflows as Country 
and Isaac’s Harbours; however, it is more susceptible to wave and ice action along its coastline 
(NSMNH, 1996b).  Stormont Bay is predominantly covered with fine sand and silt with scattered 
rock shoals.  The subtidal zone, generally extending to depths of about 15 m below mean low 
water, has a predominantly sand and gravel bottom (NSMNH, 1996b).  Water depth is 
significantly greater towards the central part of the bay, and the ocean floor here is covered in 
soft, silty mud.  This area is not considered significant lobster habitat but it does support a 
herring and mackerel fishery.  Shallow, sandier shoals occur on either side of the entrance to 
Stormont Bay, the largest of these occurring near Harbour and Goose Islands and in the vicinity 
of Country Harbour Head see (Figure 8.12-6). 
 
8.12.2.3 Marine Biological Environment 
 
The nearshore marine habitats of Stormont Bay and the estuarial habitats of Country Harbour 
and Isaac’s Harbour (Figure 1.1-1a) support a variety of marine organisms.  Species include 
algae, phytoplankton, zooplankton, marine invertebrates, and estuarial, freshwater, and pelagic 
fish (refer to Tables 8.12-5 and 8.12-6).  Although overall species diversity is limited by the cold 
water, the variety of seabed habitats in the nearshore and estuarial environments somewhat 
offsets this limitation.  Additional nutrient inputs from coastal salt marshes, eel grass beds, and 
freshwater tributaries increases the area’s biological production, abundance, and diversity 
(NSMNH, 1996b). 
 
Plankton 
 
Plankton includes two groups of generally free-floating, microscopic plants (phytoplankton) and 
animals (zooplankton).  These species are an integral component of the ocean food chain as 
they are the major food source for many larger animals.  Therefore, plankton is a major factor 
influencing overall ecological productivity of marine habitats. 
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FIGURE 8.12-5 Fish Habitat in the Vicinity of Keltic Facilities 
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FIGURE 8.12-6 Fish Habitat in Stormont Bay and Adjacent Areas 
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TABLE 8.12-5 Marine Plant and Benthic Invertebrate Habitat 
Group Species Habitat 

Irish Moss (Chrondrus crispus) Sublittoral zone; rocky shores and tide pools, estuaries 
Sea kelp (Laminaria longicruris Below low tide mark; shallow sub-tidal to deep water; 

source of food for sea urchin 

Marine Plants 

Eelgrass (Zostera marina) Sandy substrate; denser growth in shallow, clear water; 
location and abundance change over time 

Blue Mussel (Mytilus edulis) Attach to rocks, wooden structures below low tide line; 
brackish, shallow estuaries and bays with elevated nutrient 
levels and increased phytoplankton levels 

Lobster (Homarus americanus) Inhabit shallow to deep water with rocky bottoms; usually 
associated with kelp beds 

Rock crab (Cancer irroratus) Inhabit shallow water with sandy bottom 
Sea urchin (Strongylocentrotus 
droebachiensis) 

Prefers shallow (0-10 m), cooler water with high salinity, with 
hard to rocky substrates; associated with algae (especially 
kelp) as preferred food source 

Softshell Clams  Settle in sandy or mud bottom substrate of bays and inlets; 
highest densities in shallow water  

Benthic 
Invertebrates 

Sea Scallop (Placopectuun 
magellanicus) 

Found in sand or gravel substrate; water depths to 20 m 

 
 

TABLE 8.12-6 Fish Habitat 

Species Habitat 

Herring (Alosa aestivalis) Anadromous (i.e., enters fresh water to spawn) 
Mackerel (Scomber scombrus) Juveniles in Stormont Bay throughout year, adults only spring/summer 
Pollock (Pollachius virens) Young (0-1 years old) move inshore during summer;  
American Eel (Anguilla rostrata) Catadromous (i.e., spawn at sea), lives most of life in freshwater as juveniles 

until spawning 
Gaspereau (Alosa pseudoharengus) Anadromous, enters fresh water to spawn in spring and leaves afterwards; 

inhabits bays, estuaries, and fresh water 
Salmon (Salmo salar) Anadromous; inhabits fresh water for first 2 or 3 years; prefers large, cool 

rivers with gravel bottom headwaters; present in Stormont Bay throughout 
summer 

Cunner (Tautogolabrus adspersus) Nearshore inhabitant; bottom /near bottom; shallow coastal waters; often 
around wharves, eelgrass, submerged seaweed; avoids brackish water 

Tomcod (Microgadus tomcod) Nearshore, shallow water; brackish or fresh water in estuaries and rivers 
Winter flounder 
(Pseudopleuronectes americanus) 

Nearshore inhabitant; shallow water, mud or sand; with or without 
vegetation; will feed in estuaries 

Smelt (Osmerus mordax) Anadromous; enters estuaries in fall and winter; present in Stormont Bay 
year round; spawns in freshwater in spring 

 
Marine Plants 
 
Marine plants, including algal and flowering species and phytoplankton are the primary 
producers in the ocean.  In addition to being a major source of food energy in the ocean, marine 
plants also provide shelter and habitat for a variety of other marine animals.  Major algal groups 
include encrusted algae and seaweeds, such as kelp.  Marine algae generally require hard 
substrates to which to attach.  Due to their requirement for sunlight, most marine algae are 
restricted to depths to which light can penetrate.  Flowering plants include eelgrasses and 
coastal marsh grasses and are generally restricted to habitats with finer substrates, often within 
protected bays and inlets. 
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A shoreline survey conducted in November 2004 observed the presence of typical coastal 
intertidal communities dominated by rockweed (Ascophyllum nodosum) and bladder wrack 
(Fucus sp.).  Kelp and other seaweeds are generally abundant in all nearshore areas of 
Stormont Bay.  
 
Benthic Invertebrates 
 
Coastal marine habitat in Stormont Bay can be divided into intertidal (littoral) and subtidal 
(sublittoral) zones.  The littoral zone, which exists between high and low tide, contains habitat 
for invertebrates adapted to growing on rocky surfaces that are able to withstand tidal and/or 
wave action.  These include a variety of species from microscopic zooplankton, grazers such as 
chitons and limpets, filter feeders like barnacles (Semibalanus balanoides) and blue mussels 
(Mytilus edulis), and larger crustaceans, such as rock crabs.  Rockier areas within the sublittoral 
zone, which exists beneath mean low tide, support mussels, rock crab, lobster, sea urchin, and 
sea stars (McLaren, 1996).  Other marine organisms typical of these areas include periwinkles 
(Littorina littorea, L. saxatilis, and L. obtusatus) and amphipods such as Hyale nilssoni and 
Gammarus species (Envirosphere Consultants Limited, 2004). 
 
Marine Mammals 
 
Whales and seals are found throughout the Scotian Shelf, with fewer species in inshore waters.  
The NSMNH’s authoritative 'Natural History of Nova Scotia' (NSMNH, 1996a) listed 21 species 
of whales, dolphins and porpoises in Nova Scotian waters, and 6 species of seals.  
 
Reasonably reliable whale catch and sighting data are available from Sutcliffe and Brodie 
(1977) based on the former commercial whaling operation out of Blandford, Nova Scotia.  
Whaling data are biased by effort, and are limited by poor spatial and temporal coverage.  Few 
records exist for the eastern portions of the Scotian Shelf and Slope, or in the winter.  These 
data were re-plotted by Kenney (1994) with additional data. 
 
Intensive surveys for whales occurred during the DND frigate shock trials at latitude 42o 05’ N, 
longitude 61o 20’ W in November 1994 and provide additional information to Kenney (1994).  
The DND survey location was chosen for low overall marine productivity (i.e., to reduce the 
chance of impacts), in areas not known to be attractive to marine mammals (i.e., 4100 m deep 
water and low bottom relief). 
 
Cetaceans are highly mobile animals, and whale distributions on the Scotian Shelf and Slope 
tend to vary seasonally.  Most baleen whales that occur in the northern hemisphere feed in 
higher latitudes in summer, exploiting biologically productive areas in the northwest Atlantic and 
the Gulf of St. Lawrence.  They move south for the winter; mating and calving usually take place 
on the winter grounds (NSMNH, 1996a).  Nonetheless, some individuals could be found 
throughout the year, albeit in lower numbers in winter than in summer. 
 
Small toothed whales, dolphins and porpoise, occur on the Scotian Shelf year round.  In 
general, most species appear to frequent the Shelf during summer and early fall, moving to the 
southwest as winter approaches (Kenney, 1994).  This probably coincides with seasonal 
distributions of favoured prey.  
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Atlantic harbour porpoise (Phocoena phocoena) are widely distributed in cold-temperate coastal 
waters of the Northern Hemisphere.  They are nearly always found in relatively shallow water, 
less than 125 m deep on the continental shelf (Gaskin, 1992).  They often come close to shore 
and into estuaries or harbours in the summer in pursuit of their favoured prey of herring, as well 
as mackerel, capelin, hake, pollock, and squid (Brodie, 1995).  The harbour porpoise is at risk 
throughout its range, primarily as a result of bycatches in fisheries.  The species was downlisted 
by COSEWIC from Threatened to Special Concern (COSEWIC, 2003).  The long-finned pilot 
whale (Globicephala melaena), often traveling in herds of several hundred, is the whale most 
likely to occur in numbers on the Scotian Shelf throughout the year (Lucas and Hooker, 2000). 
 
The minke whale (Balaenoptera acuterostrata) is the smallest baleen whale on the Scotian 
Shelf.  It is widespread and seasonally abundant in the Northwest Atlantic.  It has been 
identified in late spring and the summer months across the Shelf, with a preference for water 
less than 200 m deep (Hooker et al, 1999). 
 
The grey seal (Halichoerus grypus) and harbour seal (Phoca vitulina) are routinely present on 
the Scotian Shelf.  Grey seals disperse widely after breeding on Sable Island in December and 
January.  Harbour seals tend to remain in the vicinity of Sable Island year round, although 
young may disperse more widely. 
 
Stormont Bay/Country Harbour is not an important area for cetaceans.  Whales or seals may 
enter the area following schools of herring or mackerel from spring to fall, and seals frequently 
haul out on the shoreline. 
 
Plankton and Marine Plants 
 
Significant seasonal fluctuations in biomass and productivity of nutrients, phytoplankton, 
zooplankton, and fish occur within the nearshore and estuarine habitats of Stormont Bay.  
Studies conducted for the SGBP showed a temporal relationship between primary and 
secondary producers and predator species, as phytoplankton concentrations are controlled by 
zooplankton predation in the spring and fall, and zooplankton populations are controlled by fish 
predation.  This results in productivity pulses and population peaks, including a fall 
phytoplankton bloom.  
 
Many of these ecological dynamics are emulated in Stormont Bay and the estuarial 
environments of Country Harbour and Isaac’s Harbour.  Higher levels of phytoplankton exist in 
the mouth of Country Harbour compared to Stormont Bay, which coincides with higher nutrient 
levels found in estuarial habitats (SOEI, 2000).  Zooplankton concentrations show three 
seasonal peaks in St. Georges Bay- in early summer, for fish eggs, in mid-summer for 
copepods, and in late summer for larger copepods.  Larger-bodied zooplankton is more 
prevalent in colder months, and smaller-bodied in warmer months (Davis et al., 2000).  
 
Kelp beds are known to provide important lobster habitat and are a source of food for sea 
urchin.  Seaweed density in the Red Head area is variable.  To the east, seaweed abundance is 
moderate and is restricted to lower intertidal and upper subtidal zones.  Productivity northwest 
of Red Head was significantly lower (Envirosphere Consultants Limited, 2004).  Other vegetated 
habitats, such as eelgrass beds, are also important and have a much higher abundance and 
diversity of species than adjacent non-vegetated areas.  
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8.12.2.4 Habitat Use and Productivity 
 
The various habitat types of Stormont Bay (Figure 1.1-1a) and the surrounding areas support a 
diversity of organisms from phytoplankton to smaller benthic invertebrates to large commercial 
fish species.  Seasonal fluctuations in habitat quality and use also occur resulting in highly 
variable diversity and abundance of species at certain times of the year.  Fish species, 
depending upon their lifecycle and activities, often require a diversity of habitat types to provide 
food, cover, and other requirements. 
 
Stormont Bay supports several local fisheries, one of the most important of which is the 
commercial lobster fishery.  The value of these fisheries is linked to the productivity of the area 
which is influenced by the habitat quality of the marine environment that supports primary 
producers, prey, and predatory species.  Changes to the marine environment, particularly within 
the vicinity of the proposed Petrochemical wharf, will have adverse effects upon habitat and 
productivity.  Although the productivity of the Lobster Fishing Area that encompasses the 
proposed wharf and LNG terminal is relatively low compared to other areas in Nova Scotia, 
lobster is the dominant species of concern. 
 
In general, the coastal plant and animal communities were more productive in rockier areas 
than in beach areas that had finer substrates.  Along the coastline near Red Head, the most 
productive intertidal habitats were generally the mid to low intertidal and upper subtidal zones 
on partially exposed rocky shoreline (Envirosphere Consultants Limited, 2004). 
 
Invertebrate Production 
 
Studies completed in the area have identified important lobster habitat.  In the shallower waters 
of eastern Stormont Bay between Red Head (the site of the proposed wharf) and Harbour Island 
there is a consistent mix of rock, boulder, kelp, and sand.  In the outer, deeper areas (outside 
Country Harbour Head and past Harbour Island) lobster habitat is patchier.  The Black Ledges 
area, a shoal on the western entrance to Stormont Bay (shown as a large dark blue patch off 
country Harbour Head in Figure 8.12-5) is considered good lobster habitat/urchin habitat with 
shoals surrounded by large sandy mud areas. 
 
Habitat requirements for lobster change according to its various life stages.  Lobster productivity 
depends upon a number of density independent factors such as temperature, time of hatching, 
predation, wind direction, and food supply.  These factors have the greatest effect on larval 
survival and consequently lobster populations and area productivity.   
 
Optimal habitat for lobster changes as they grow.  Smaller postlarval lobsters prefer to live in 
tunnels or in natural crevices and then, as they grow larger, move to habitats with coarser 
substrates and a suitable amount of cover.  Juvenile lobsters prefer areas with algae, stones 
and large crevices.  Some larger lobsters have been observed on compact sand or mud 
bottoms consolidated by eelgrass.  All sizes of lobster have been observed co-existing in areas 
with large stone size and heavy algal cover.  Sand covered in eelgrass had a low abundance of 
juveniles and adults, while on bare sand bottoms no resident lobsters were observed (NOAA, 
1994). 
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Lobster production is influenced by local factors more so than external ones and is therefore 
area specific depending upon the local habitat and conditions.  The amount of postlarvae that 
settle in an area is the overriding factor in determining an area’s productivity.  Postlarvae in their 
burrows feed on plankton and may also prey on small benthic organisms.  Density independent 
factors such as starvation, predation, and offshore winds transporting larvae out to sea and 
away from suitable habitat can play a large role in larval mortality (Miller, 1997). 
 
Rock crabs inhabit intertidal zone to depths of up to 40 m.  Rock crabs often spend winters in 
shallower waters on softer sand and mud substrates and then migrate to deeper waters during 
the spring and summer.  Larvae float freely in the water column between mid-June to and mid-
September until they settle on the ocean floor. 
 
Sea urchins rely upon seaweed as their primary food source with the highest concentrations of 
urchins located near kelp beds.  In Stormont Bay, kelp has increased in areas where urchins 
have formerly grazed.  Management measures have recently been instituted to manage this 
fishery in Guysborough County. 
 
Mackerel are a highly migratory, pelagic fish species.  Most of the year fish inhabit offshore 
waters.  However, they will migrate to inshore areas in spring to spawn.  Mackerel are present in 
Stormont Bay year round with juveniles present throughout the year and adult fish in spring and 
summer.  In winter, adult mackerel generally move to feed grounds on the Scotian Shelf 
southwest of Sable Island (Scott and Scott, 1988). 
 
Fish 
 
Several anadromous fish species migrate upriver at different times of the year.  Gaspereau 
(alewives) begin their migration in early spring and are followed by smelt, eel, trout, and Atlantic 
salmon.  Salmon and gaspereau begin to migrate up Country Harbour and Isaac’s Harbour 
Rivers by April.  Elvers migrate upstream in May and June (Miller, 1997) while sea-run brook 
trout migrate during July and August.  Gaspereau and smelt leave freshwater after spawning in 
early spring. 
 
Salmon and brook trout spawn in freshwater burying their eggs in gravel to cobble-size material.  
Atlantic salmon spawn between late October and mid-November.  Atlantic salmon generally 
hatch in the spring and emerge from the gravel by early June.  Atlantic salmon smolts migrate to 
the sea from mid-May to mid-June (Scott and Crossman, 1973).  Adult salmon downstream 
migration is also variable.  In some river systems, populations remain over winter; while in 
others; downstream migration takes place directly after spawning.  Brook trout begin spawning 
by mid-to-late September and generally hatch and emerge from the gravel in late March or early 
April. 
 
Blueback herring is an anadromous fish entering freshwater inlets and estuaries to eventually 
spawn in lakes, ponds, and rivers above the tide head.  After spawning, adults return to sea 
where they spend most of their adult life.  In Stormont Bay and surrounding areas herring are 
thought to be present between June and October.  Blueback herring is similar to alewife and the 
two are often fished together sometimes being referred to collectively as gaspereau (Scott and 
Scott, 1988).  
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8.13 BEDROCK AND SURFICIAL GEOLOGY 
 
An assessment of the surficial and bedrock geology of the proposed Keltic Site was performed 
by conducting: 

• a review of all available published maps and reports, including relevant assessment files, 
other micro fiche reports, and mines inspectors' reports at the NSDNR Mines Branch 
library; 

• interviews with NSDNR Mines and Energy Branch personnel regarding new mapping 
undertaken during construction of the Sable gas facilities, and information gathered 
during the more recent tailings environmental investigations; 

• a review of current claims maps and of claims-holdings cards spanning back to the mid-
1970's to identify areas with acid drainage potential; 

• monitoring well installations and bedrock core logging at the proposed Keltic Site to help 
better characterize the local geology; and 

• various field reconnaissance and detailed mapping visits to gain an understanding of the 
bedrock geology, past mining activities and associated legacies. 

 
The current geologic studies of the Keltic Site served as precursors to various groundwater 
assessments, which are covered in Section 8.7 of this report. 
 
Reconnaissance-level geologic assessments of the greater Keltic Site were done by a 
geoscientist during the periods of May 31 to June 6, 2004 and June 24-25, 2004.  Due to the 
proposed industrial nature of the Keltic site, more detailed field mapping of parts of the site, 
bedrock core collection, core logging, and groundwater sampling was carried out as part of a 
monitoring well installation program during the period from April 4 to May 3, 2005.     
 
8.13.1 Surficial Geology 
 
The soils and surficial geology of the Keltic Site and surrounding region were mapped by Cann 
and Hilchey (1954), Hilchey et al (1964), Stea and Fowler (1979) and Stea et al (1992). 
 
8.13.1.1 A and B Soil Horizons 
 
In Guysborough County, variably distributed Riverport, Thom, Halifax, Danesville and 
Aspotogan series soils and peat are present at the Keltic Site and in large portions of the 
watersheds studied.  Danesville Series soil and peat are the predominant soil types in the 
southeastern portion of the Isaac’s Harbour River watershed and near the Keltic Site, and 
Halifax Series soils are present in approximately the north half of that watershed.  Figure 8.13-1 
shows the distribution of these soil types within the Keltic Site. 
 
The Queens Series soil is described as a light brown clay loam over reddish-brown clay loam.  
The Millbrook Series soil is a light brown loam over reddish-brown gravely clay loam.  The 
Stewiacke Series soil is a reddish-brown silty clay loam over reddish-brown silt loam, and the  



Keltic Petrochemicals Inc. 
Keltic Petrochemicals and Liquefied Natural Gas Facility 
Environmental Assessment 
Goldboro, Nova Scotia 
July 2006 
 
 

 
Project No.:  TV61029 Page 8-131 
 

FIGURE 8.13-1 Soil Type Distribution (A and B Horizons ) 
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Woodborne Series soil is a reddish-brown gravely loam to sandy loam over dark reddish-brown 
gravely clay loam.  The Kirkhill Series soil is described as a light brown loam over yellowish 
brown shaley sandy loam.  All are generally well-drained soils, for which parent materials are 
generally the bedrock that underlies them.  They are fairly well suited for various types of 
agriculture, although the relative shallowness of the Kirkhill Series soils makes it less suitable 
for agriculture than the others.  The Riverport Series soil is described as a brown shaley loam 
over grayish brown shaley loam.  It has imperfect drainage and is limited for agricultural use due 
to its stoniness, drainage, and shallowness.  The Thom Series soil is a dark, reddish brown, 
friable sandy loam over dark, reddish-brown gravely sandy loam.  It has rapid drainage and is 
unsuitable for agriculture but suitable for forestry (Cann and Hilchey, 1954).  
 
The Danesville Series soil is described as a dark reddish brown mottled gravely sandy loam 
over dark-brown mottled gravely sandy loam.  The Aspotogan Series soil is described as a 
mottled dark-brown sandy loam over olive-gray strongly mottled gravely sandy loam.  The 
former has imperfect drainage, the latter has poor drainage.  Both soils are derived principally 
from the quartzite glacial till parent material.  The Halifax Series soil is a dark reddish brown 
friable sandy loam over strong-brown friable sandy loam.  It is rapid draining and is derived 
principally from gravely sandy quartzite glacial till.  All soils in the area are unsuited to 
agriculture (Hilchey et al, 1964). 
 
8.13.1.2 C Soil Horizon 
 
Beneath the A and B soil horizons, the C horizon materials or “mineral soil” consists generally of 
quartzite till and/or stony till plain deposits in Guysborough County.  Glacial-age kame fields and 
esker systems, and post-glaciation alluvial deposits, are present at various locations throughout 
the Keltic Study Area (see Figure 8.13-2). 
 
The ground moraine till material is comprised of a mixture of gravel, sand, and mud of direct 
glacial origin, which was released from the top, or within, stagnant ice masses by melting.  It is 
variable in thickness from 2 m to 25 m and forms local ridges, depressions or pits (kettles).  The 
stony till unit consists of material released at the base of ice sheets and is described by Stea 
(1979) as a bluish-greenish-grey, loose, cobbly, silt-sand till, which will grade into a sandier, 
coarser till, sometimes with red clay inclusions.  It is generally thin (less than 10 m).  Generally, 
the till matrix is made up of 80% sand, 15% silt, and 5% clay.  It is derived of locally eroded 
quartzite and slate bedrock. 
 
Quartzite till is shown by Stea (1979) and Stea et al (1992) to extend northward along the 
eastern half of the Isaac’s Harbour River watershed.  Granite ablation till, or silty till plain 
deposits, are present along the western periphery in the upper reaches of the Isaac’s 
watershed.  These deposits are described by Stea (1979) as yellow-grey, bouldery sand till. 
 
A drumlin field is shown present south of the Antigonish-Guysborough County border.  Locally 
at and around the Keltic Site, topographic features suggest that there may be a few low-lying 
drumlins.  However, maps by Stea (1979), and Stea et al (1992) do not show any drumlins in 
this part of the Keltic Study Area. 
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FIGURE 8.13-2 Surficial Geology 
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8.13.2 Bedrock Geology 
 
The nature of the bedrock geology of the Keltic Study Area is a direct result of complex tectonic 
events.  The southern part of the Keltic Study Area was subject to a long history of mining 
activity.   
 
8.13.2.1 Past Mapping Work 
 
The following was reviewed and incorporated into this study.  The bedrock geology of the Keltic 
Study Area was mapped by Schiller (1961) and Hill (1991).  This includes the mapped area 
surrounding Forest Hills, and the north part of the Isaac’s Harbour River watershed extending as 
far south as Cross Roads Country Harbour and Stormont, respectively. 
 
Notwithstanding the assessment reports described below and published by Geological Survey 
of Canada (GSC) (1985), work by Fletcher and Faribault (1891, 1893a, 1893b, 1893c, 1893d) 
and Faribault (1899, 1904) constitutes all that exists by way of appropriately scaled and 
sufficiently detailed published bedrock mapping for the proposed Keltic Site.  Other works in the 
area include Stevenson (1959, 1964), who mapped the bedrock geology east of the Keltic Study 
Area.  Finally, Keppie (1979, 2000) summarized the work of all others (see Figure 8.13-3). 
 
Mine inspector's reports, exploration assessment reports and mining assessment reports dating 
from the late 1800's to the early 1990's were searched in the NSDNR, Mines Branch library 
database (for the Keltic Site and immediate area) using search words Isaac's Harbour, Meadow 
Lake, Goldboro and Lockerby.  Approximately 200 documents were identified (see 
Appendix 11).  Many reports included only a synopsis of exploration expenditures.  The mine 
inspector's reports for the general plant-site area were often only a couple of lines long, with no 
reports at all in some years.  Much of the data was for activities on Hurricane Island and on the 
other side of Isaac's Harbour, or for the Boston Richardson Mine at Gold Brook Lake a short 
distance north of the proposed Keltic Site.  Very little data could be applied directly to this study, 
however, some data was found relevant and was incorporated into this study.  This served to 
augment the general knowledge of the mining history and geology of the site and area, and was 
incorporated into this study. 
 
8.13.2.2 Geologic Formations – Major Physiographic Regions 
 
The Antigonish-to-Goldboro Study Area encompasses four physiographic regions that are 
largely a reflection of the underlying bedrock deposits and structures that developed during a 
complex history of tectonic activity that began before North America and Europe/Africa collided.  
These physiographic regions are bound by major fault systems that traverse much of mainland 
Nova Scotia.  The Keltic Study Area encompasses at least 10 bedrock Formations, Groups or 
other formal or generally recognized bedrock types or units.  Figure 8.13-3 is a bedrock geology 
map of the Keltic Study Area. 
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FIGURE 8.13-3 Bedrock Geology 
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8.13.2.3 Southern Upland 
 
The region that extends from the Atlantic Ocean at Goldboro north toward Salmon River Lake, 
and in which the proposed Keltic Site and the entire water supply watershed are situated, is part 
of the Southern (or Atlantic) Upland physiographic region.  The ground surface elevations in this 
region range from around 20 m at the Keltic Site to 140-145 m in the northern part of the region.  
This region is underlain by meta-sediments and granitic intrusions of the Cambrian-to-
Ordovician age (~545 to 445 million years ago (Ma)) Meguma Group, which essentially form the 
basement rocks under much of mainland Nova Scotia.  The Meguma Group is comprised of a 
sandy flysch (Goldenville Formation) overlain by a shaley flysch (Halifax Formation); the 
boundary between them is probably diachronous (Keppie, 1977). 
 
The Goldenville Formation contains alternating layers of sandstone and finer grained beds and 
is interpreted as a submarine mid-fan deposit.  The Halifax Formation consists of slate, 
siltstone, minor sandstone and represents a number of environments of deposition, including 
distal turbidite fan, basin plain, interchannel areas of the inner fan, continental rise and slope 
and outer shelf.  Faribault (1914, in Keppie, 1977) recorded a thickness of at least 5,600 m for 
the Goldenville Formation, and about 500 to 4,400 m has been recorded for the Halifax 
Formation.  However, this does not take into account the possible presence of early recumbent 
folds. 
 
These rocks were intruded by granitic plutons during the Silurian (~460 Ma) and Late to Middle 
Devonian age (~370 to 340 Ma).  In the Keltic Study Area, the plutons contain medium grained, 
equigranular to slightly porphyritic biotite (less than 4%), muscovite granite (Hill, 1991). 
 
Steeply dipping rocks of the Goldenville Formation underlie most of the Keltic Study Area, 
including Goldboro, the proposed Keltic Site, and a large majority of the Isaac’s Harbour River 
watershed and other local subwatersheds.  Halifax Formation slates are present generally as 
narrow bands at major syncline axis (Fletcher and Faribault, 1893b): at the north boundary of 
the proposed Keltic Site, and within the Loon Lake Synclinorium, which encompasses two small 
(2 by 6 km) granitic plutons and one thin elongate pluton, all situated within the north-northwest 
part of the Isaac’s Harbour River watershed.  Other smaller bands of Halifax Formation or 
similar material may be present which have not been previously mapped. 
 
The Halifax Formation is known for its acid generating potential, and so acid drainage may be a 
cause for concern should this material need to be excavated, or the groundwater level lowered 
within the formation during plant construction.  The potential for acid drainage is expected to be 
greatest where the Halifax Formation is in contact with or in close proximity to granitic plutons.  
Certain rocks of the Goldenville Formation may also be a source of acid drainage, particularly 
(in small areas) where highly mineralized zones are present. 
 
Borehole logs documented during the installation of monitoring wells for the Project (Appendix 
6) indicate that much of the Keltic site is underlain by bedrock consisting of greywacke with 
some occurrences of argillite.  Argillite with pyrite and arsenopyrite were identified at the 
extreme northern end of the site where the site overlaps the Halifax Formation. 
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8.13.2.4 Tectonic, Metamorphic and Structural Geology 
 
The Meguma Group (which encompasses the majority of southern Nova Scotia) is part of an 
orthotectonic orogen (Keppie, 1977) that originated as continental rise deposits (S0) off a craton 
lying to the south (the South America portion of Gondwana (Irving, 1980)), with ocean to the 
north.  During the Late Ordovician (~440 Ma) to Early Devonian (~360 Ma) times, the ocean 
began to close and southeasterly sea floor subduction took place beneath Gondwana (southern 
Nova Scotia), thus deforming (S1) the Meguma Group continental rise deposits (an early set of 
recumbent folds (F1) associated with an axial plane foliation, thrusting, and greenschist 
matamorphism).  
 
As the ocean closed and Gondwana collided with Laurasia (North America, which included the 
Cobequid, Antigonish and Cape Breton highlands) during the Acadian Orogeny (~350 to 370 
Ma) to create the Appalachians, materials within the present Guysborough Highlands were 
being deposited while the rocks of the Meguma Group were deformed (S2) by upright, 
northeasterly trending, sub-horizontal folds (F2), which are associated with axial plane 
cleavage, local gold mineralization (Keppie, 1977) and regional greenschist facies 
metamorphism (Taylor and Schiller, 1966). 
 
Igneous intrusive activity within the Meguma Group began during the Silurian times (~425 Ma), 
but most granitic plutons cut across the major F2 folds and their metamorphic aureoles are 
superimposed upon them (Taylor and Schiller, 1966) (i.e., the contact metamorphism 
associated with the granite plutons is superimposed upon the regional greenschist facies 
metamorphism). 
 
During the Upper Devonian to Lower Carboniferous (~345 to 330 Ma), following the Acadian 
Orogeny, there was large scale dextral transcurrent movement (S3 and S4) on the Gon fault 
(Keppie, 1977) as the north American plate (which now encompassed a piece of Gondwana, 
including the Meguma Group deposits of southern Nova Scotia) moved northeast and Africa 
became juxtaposed against Atlantic Canada in place of South America.  This resulted in the 
development of the sinistral regional fault system present regionally throughout the Meguma 
Group.  Finally, North America and Africa separated during the Triassic and Cretaceous (~230 
to 75 Ma), since which time the land surface was eroded to its present form. 
 
Many of the faults created and present within the Meguma Group have, to a degree, served to 
control the subsequent deposition of younger geologic units present to the north (many of the 
younger bedrock units described above) since it represents much of Nova Scotia’s basement-
rock-complex.  Differential settlement and/or later motions along these basement-complex faults 
may have caused the displacements currently known to exist in these younger units.  
 
8.13.2.5 Proposed Keltic Site 
 
The remainder of this discussion will focus on the proposed Keltic Site and its immediate 
environs, since this part of the Keltic Study Area is slated to become industrial and subject to 
greater potential environmental risks overall.  Thus, a greater knowledge of its geology is 
needed to better understand existing groundwater conditions, possible groundwater flow control 
characteristics, and mitigation needs. 
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The major F2 fold axis at the proposed Keltic Site and environs strike east-west and plunge 
east, with 3.5 km generally between anticlinal axis.  Locally from south to north, the major 
anticlines and synclines shown by Fletcher and Faribault (1981, 1893a, 1893b, 1893c, 1893d), 
Schiller (1961) and Hill (1991) east of the Country Harbour and Isaac’s Harbour Faults include: 
the Isaac’s Harbour Anticline at Dung Cove; the Long Lake Syncline at roughly the south 
boundary of the proposed Keltic Site; the Upper Seal Harbour Anticline at the south end of Gold 
Brook Lake; the Little Lake Syncline at the south end of Ocean Lake and Meadow Lake; an 
unnamed anticline at the north end of Ocean Lake; and the Loon Lake Synclinorium at Big 
Stillwater within the Isaac’s Harbour River watershed.  
 
In larger scale (smaller area) mapping south of the Seal Harbour Lake area, Faribault (1904) 
shows the South, Middle and North Anticlines, and their associated synclines.  These are 
smaller folds superimposed onto the Isaac’s Harbour Anticline, where the distance between 
secondary anticlinal axis averages about 0.5 km. 
 
The nearby Country Harbour Fault is the most prominent strike-slip fault on Nova Scotia's 
eastern shore.  Roland (1982) suggests that there has been upwards of 8 km of sinistral 
displacement along it, although drag folding and shearing in strata of the Loon Lake 
Synclinorium (Hill, 1991) suggests that there has been more than 10 km, and perhaps as much 
as 18 km, of sinistral displacement along this fault.  It extends up into Horton Group deposits to 
the north.  The Isaac’s Harbour Fault, which is another major regional fault, defines the east 
shore of Isaac’s Harbour and may extend up to 4 km northwest of Stewart Lake.  Sinistral 
displacement along the Isaac’s Harbour Fault at Dung Cove was in the order of 600 m to 800 m 
(Faribault, 1904).  There is an apparent displacement of about 1 km along the New Harbour 
Fault located about 10 km east. 
 
Due to the large displacements that have occurred along the nearby regional faults, the 
structural geology within the proposed boundaries of the Keltic Site is expected to be complex.  
Faribault (1904) shows a fault along Dung Cove Brook, which is likely to be a synthetic fault to 
the Isaac’s Harbour Fault and along which there has been 75 m to 125 m of sinistral 
displacement. 
 
Other faults parallel the Isaac’s Harbour and Dung Cove Brook Faults to the south and north of 
the proposed Keltic Site (Faribault, 1899 and 1904), and there is severe faulting in underground 
workings at Gold Brook Lake (P. Smith, pers. comm., 2001).  Field mapping by a geoscientist 
along the gas plant access road has revealed yet another, north-south trending fault along 
which there may have been up to 50 m of strike slip displacement and also perhaps some 
normal displacement.  The many lineaments identified by Tilsley (1996b) and which parallel the 
Isaac’s Harbour and Dung Cove Brook Faults, such as those along parts of Betty's Cove Brook 
and Gold Brook, suggest a broad shear zone and/or other faults that are likely to be related to 
the Isaac’s Harbour Fault.  These cannot be directly mapped due to the thick till present. 
 
8.13.3 Past Mining and Economic Geology 
 
Auriferous quartz veins within the Goldenville Formation generally occupy fold-generated F2 
dilation zones.  The tension fissures produced by this mechanism are saddle reef veins in slate  
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horizons, veins normal to bedding in meta-sandstone layers in the fold hinges, veins along faults 
in the cores of tight fold hinges, and zones of en echelon veins in slate horizons in the limbs of 
folds (Keppie, 1976). 
 
The greater Goldboro area and locally, the southwestern part of the proposed Keltic Site have 
been the subject of gold mining activities during the late 1800's and early 1900's.  Several mines 
were established in what was known as the Seal Harbour Lake and the Upper Seal Harbour 
Lake (now known as Gold Brook Lake) zones, including the Boston Richardson Mine and 
Dolliver Mountain Mine north of the proposed Keltic Site, the Seal Harbour Mine (Victoria Belt) 
east of the proposed Keltic Site, the McMillan  Mine, west of Dung Cove, and the Mulgrave and 
Giffin Mines (also known as the Hattie Belt, Skunk Den Mine, or the Malloy, Eureka, Economy 
or Bluenose properties) within the proposed site boundaries. 
 
Gold was first discovered on the west shore of Isaac's Harbour in the fall of 1861.  Mining of 
small veins was carried out until about the turn of the century when work began on the Boston 
Richardson deposit at Gold Brook Lake.  The Seal Harbour Mine at Lower Seal Harbour began 
operations in about 1934 and continued until 1942.  Details of the gold mining history from 
discovery till 1920 are given in G.S.C Memoir 385, 1976 (see Appendix 12).  Renewed interest 
in the area in the early 1980's resulted in a major exploration program at the Boston Richardson 
property.  This work is on-going, with the latest drilling program on the property having been 
completed during the spring-to-early summer 2005. 
 
Very little information exists in the way of maps or cross sections of underground mine 
workings, of the actual quantities of ore removed from the underground, and gold recovered.  
Prior to about 1930, production statistics for Isaac's Harbour Gold District were recorded 
collectively with those from other nearby gold producing areas under the general heading 
“Stormont Gold District” (Tilsley, 1988).  Included, in addition to Isaac's Harbour, were Forest 
Hill, Upper Seal Harbour, Lower Seal Harbour and Country Harbour areas.  In addition, there is 
a general suspicion by geoscientists familiar with the area that as much as 50 percent of the 
total gold recovered from the region may have been removed by interveners – production which 
would not have made it to the records. 
 
8.13.3.1 Old Mine Workings 
 
Figure 8.13-4 is a map of the proposed Keltic Site that shows the location of former mine and 
associated workings inside the proposed Keltic Site boundaries as identified from an NSDNR 
Mines Branch database of mine workings and from direct observations in the field. 
 
Two to four shafts or trenches were identified in the field for every one shown in the database in 
the southwestern most parts of the site along Route 316 and east of the SOEP gas plant road.  
This suggests that there may be other undocumented workings in other parts of the site, 
although they are expected to be concentrated mainly in the areas where workings have already 
been documented. 
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FIGURE 8.13-4 Abandoned Mine Workings/Tailings Disposal in Site Boundaries 
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There is very little information on the underground workings in the area, although on Hurricane 
Island, shafts and ore removal was extended 70 m underground (Fancy, 1911), and other 
workings inside the proposed Keltic Site boundaries may be up to 30 m or 45 m deep.  Some of 
the old shafts and trenches are extremely dangerous, and some are known to be in direct 
hydraulic communication with the ocean (P. Smith, pers. comm., 2001).  During the assessment 
field program, one resident reported a caving at the end of her driveway, just northwest of the 
site at Route 316, where her children normally stood waiting for the school bus.  She reported 
hearing water moving about inside the open hole in response to wave action on the ocean about 
40 m away. 
 
In addition to digging into rock for gold, it is known that placers were explored, to a limited extent 
at least, off the shore of Red Head (Barrett, 1981), where some gold values and sulphide 
minerals were identified, albeit perhaps not in economic quantities.  Mining activity also took 
place at Forest Hill about 20 km north of the site, within the Isaac's Harbour River watershed.  It 
is located fairly far up the watershed and so any tailings from it should not have any effect on 
water quality at the site. 
 
There has been an apparent increase in exploration interests in the area due to the recent 
increase in gold prices.  There are currently exploration licenses and/or applications for licenses 
in place covering all of the proposed Keltic Site, as well as areas to the east (i.e., the former 
Boston Richardson Mine at Gold Brook Lake and other holdings west and north of Meadow 
Lake).  Figure 8.13-5 shows the distribution of these exploration interests in the immediate area 
as at February 9, 2006. 
 
8.13.3.2 Ore Mineralogy 
 
The geology and mineralogy of the area was described in detail by Corey (1992).  Gold in the 
area is commonly found in nugget form, as flakes of visible gold, or as gold associated with 
arsenopyrite and to a lesser degree, pyrite.  Locally, arsenopyrite is the predominant metallic 
mineral, usually making 65% to 75% of the total.  Pyrite accounts for most of the remainder.  
Galena, sphalerite, and chalcopyrite may, together, be 2% of the total sulphides (Tilsley, 
1996a). 
 
8.13.4 Inactive Tailings Disposal Sites 
 
Gold mill tailings deposits remain as a legacy of the past mining activity in the area. 
Stamp milling and mercury amalgamation were the primary methods used for gold extraction in 
Nova Scotia and in the Goldboro area, much of which was done on-site; although there are 
reports that some sulphide mineral concentrate may have also been taken off site by boat to be 
processed elsewhere. 
 
The stamp milling process involved crushing ore to sand or silt-size material, then washing the 
pulp over mercury-coated copper plates.  Some of the free gold would combine with the 
mercury to form an amalgam, which was periodically scraped off the plates and heated in a 
retort to recover the gold.  As a general rule of thumb, one ounce (oz) of mercury was used for 
each ounce of gold in the ore to obtain satisfactory recovery rates.  At most stamp mills, 10-25%  
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FIGURE 8.13-5 Distribution of Exploration Licenses Issued 
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of the mercury used in the process was lost to the environment by loss with tailings, by 
evaporation during heating to recover gold, or by direct spillage (Smith, pers. comm. 2005; 
Parsons and Percival, 2005).  Historical records of mercury loss from several gold districts 
range from 0.07 - 0.177 oz (5.5 grams) of mercury per t of ore crushed.  
 
Recent investigations by Parsons et al. (2004) just outside the proposed Keltic Site boundaries 
and at other sites in Nova Scotia have documented high concentrations of mercury (up to 350 
mg/kg) and arsenic (up to 31% by weight) in mine wastes.  The map in Figure 8.13-6 shows the 
location of tailings disposal areas identified by a geoscientist in the field within the proposed 
Keltic Site boundaries.  
 
At the Boston Richardson Mine at Gold Brook Lake, there were no concentrated tailings – only a 
large, roughly 760 m long by 65 m wide area where the tailings sluice ran directly into Gold 
Brook.  This was the largest mine in the area, which produced about 50,000 oz of gold from 
about 375,000 tonnes of mill feed.  There are no production records for Dolliver Mountain Mine.  
However, tailings from it encompass an area that is reported to be 365 m long and 122 m wide. 
 
At the Seal Harbour Mine just east of the proposed Keltic Site, tailings were concentrated in an 
elongate band about 800 m long.  This was the second largest mine in the area, which 
produced 31,000 oz of gold from about 400,000 tonnes of mill feed.  Extracts from the Annual 
Report of Mines suggest that about 20,000 oz of gold were recovered from within the general 
Keltic Site-to-Seal Harbour area.  There are specific records of 5,939 oz of gold produced from 
the Mulgrave Zone.  
 
The remains of three former gold mills and three (possibly four) tailings disposal areas were 
found within the proposed Keltic Site boundaries during the field work.  All that remains of the 
two steam-operated and one water-operated stamp mills today are the stone and concrete 
foundations. 
 
One mill was located at Universal Transverse Mercator (UTM) 5001788N/606744E on the 
peninsula (proposed marginal wharf area) west of Dung Cove a short distance north of Red 
Head.  The foundation remains suggest that this mill was small.  It appears that tailings from it 
were disposed of directly into the ocean as no traces of any tailings could be found on land. 
 
Another mill foundation was located at UTM 5001948N/607073E, about mid-way between 
Route 316 and Dung Cove.  The remains suggest that it may have been a small-to medium-
size, water-powered mill.  Tailings from it were disposed of directly into Dung Cove, and are 
easy to identify along a 50 m to 75 m stretch of the north shore of the cove, extending what 
appears to be some distance under water.  Four samples were taken of these tailings for 
mercury and arsenic analysis as part of this EA; the results are presented in Table 8.13-1. 
 
The third mill, a part of the Giffin Mine, was found at UTM 5002393N/607577E a short distance 
southeast of the SOEI gas plant road.  Based on the foundation and boiler remains, this 
appears to have been the largest of the three mills.  Tailings from it were disposed of in a 50 m 
by 30m area located a short distance down gradient and northwest of the mill (UTM 
5002529/607507).  This former tailings disposal area was assessed for possible gold reserves 
by Newbury (1974), and again about ten years later by Seabright Resources Inc. (1984).  
Seabright identified it as having an area of 1,584 m2, a tailings thickness of 0.70 m, and a 
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volume of 1,113 m3, containing 1,570 tonnes of tailings grading 0.70 grams per tonne (g/t) gold.  
Nine samples were taken of the tailings for this assessment for mercury and arsenic analysis – 
the results are in Table 8.13-1.  
 
A forth (possible) former tailings disposal area is present a short distance southeast of the third 
area.  Based on Newbury (1974), and on the presence of healthier-looking vegetation than at 
the other sites, this was thought to be a water supply pond built for the mill described above, 
and thus no samples were collected.  However, it was discovered after the field session that 
Seabright Resources Inc. (1984) had sampled this 65 m by 15 m pond and found gold to be 
present in it, thus suggesting that it was a tailings disposal pond and that it is likely to contain 
mercury and arsenic.  Seabright identified this tailings pond as having an area of 1,026 m2, 
thickness of 0.43 m and volume of 438 m3 containing 617 tonnes of tailings grading 2.00 g/t 
gold. 
 
All of the tailings samples collected during the assessment field session for which results are 
shown in Table 8.13-1 exceed the CCME guideline values for mercury for sediments in fresh 
water and marine environments.  All of the samples exceed the CCME guideline values for 
arsenic for sediments in all aquatic environments and for soil under all land uses (agricultural, 
residential/parkland, commercial and industrial). 
 

TABLE 8.13-1 Tailings Sample Results from Giffin Mine and Dung Cove Areas 
Mercury Arsenic Location (UTM) 

Sample ID 
mg/kg Detection 

Limit mg/kg Detection 
Limit Easting Northing 

102F01-GMA1 24 1 1600 2 607496 5002544 
102F01-GMA2 30 2 6700 2 607500 5002527 
102F01-GMA2 Dup   6100 2   
102F01-GMA3 13 0.4 8000 2 607503 5002510 
102F01-GMA4 11 0.2 2600 2 607516 5002513 
102F01-GMA5 9.9 0.2 1100 2 607528 5002515 
102F01-GMA6 19 1 2200 2 607525 5002527 
102F01-GMA7 21 1 1600 2 607523 5002539 
102F01-GMA8 26 1 1300 2 607510 5002541 
102F01-GMA9 31 1 3400 2 607512 5002529 
102F01-T1 4.7 0.1 1700 2   
102F01-T2 3.1 0.1 150 2 607056 5001928 
102F01-T2 Dup   160 2   
102F01-T3 8.1 0.1 14 2 607069 5001912 
102F01-T4 6.4 0.1 1100 2 607046 5001941 
CCME*       
soil – agricultural 6.6  12    
soil – residential/parkland 6.6  12    
soil – commercial 24  12    
soil – industrial 50  12    
sediment – fresh water (ISQC) 0.170  5.900    
sediment – fresh water (PEL) 0.486  17.000    
sediment – marine (ISQC) 0.130  7.240    
sediment – marine (PEL) 0.700  41.600    
* December 2003. ISQC = interim sediment quality guidelines. PEL = probable effect level. 
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There is a fifth tailings disposal pond that appears to have been associated with the Mulgrave 
Lead mine workings.  It is located just outside of the proposed Keltic Site boundary just east of 
Route 316 and south of Crusher Brook, centred at approximately UTM 5002775N/606750E.  
This tailings disposal area was not visited during the 2004 or 2005 field seasons, but it was 
included in the tailings gold resource assessments by Newbury (1974) and Seabright 
Resources (1984).  It was shown by them to contain gold values and as such, is also likely to 
contain mercury and arsenic.  Based on their reports and on more recent aerial photographs, 
this area currently serves as a junkyard. 
 
8.13.5 Seismic Considerations   
 
Eastern Canada is located within a stable continental part of the North American tectonic Plate 
and as such has a relatively low rate of earthquake activity.  Nevertheless, within Canada's 
eastern seismic region, large earthquakes have occurred in the past and will inevitably occur in 
the future. 
 
8.13.5.1 Seismic Regions 
 
Figure 8.13-6 shows the distribution and size of earthquakes recorded in Canada, and the 
extent of the country's western, stable, and eastern seismic regions.  Figure 8.13-7 shows the 
size and frequency of events and boundaries of the subregions within which earthquakes occur 
most frequently in Canada's eastern seismic region. 
 
Each year, approximately 300 earthquakes occur in the eastern seismic region, of which 
perhaps four will exceed magnitude 4, thirty will exceed magnitude 3, and about fifteen will be 
reported felt (GSC, 2003).  A decade will, on average, include three events greater than 
magnitude 5 (generally the threshold of damage). 
 
The known earthquake seismic source zones of most concern to the populated areas of eastern 
Canada are the Charlevoix, Passamaquoddy and offshore Laurentian Slope seismic zones 
where major earthquakes of magnitudes 7.0, 5.7 and 7.2 occurred in 1925, 1869 and 1929, 
respectively.  The Passamaquoddy area experienced a 5.9 event in 1904 and the Charlevoix 
area a 6.0 event in 1988 with the Laurentian Slope having had about nine events 5.0 or greater 
since 1929 up to 1977 (Ruffman, 1995).  In 1929 a magnitude 7.2 earthquake on the Laurentian 
Slope (known also as the Grand Banks earthquake of 1929) triggered a large submarine slump, 
which ruptured 12 transatlantic cables and generated a tsunami that was recorded along the 
eastern seaboard as far south as South Carolina and across the Atlantic Ocean in Portugal, and 
caused the loss of 28 lives on the Burin Peninsula in Newfoundland. 
 
The causes of earthquakes in eastern Canada are not well understood: unlike at plate boundary 
regions where the rate and size of seismic activity is directly correlated with plate interaction, 
seismic activity seems to be related to the regional stress fields (Ruffman, 1994), with the 
earthquakes concentrated in regions of crustal weakness (Bent, 1995) at depths varying from 
surface to 30 km (GSC, 2003). 
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FIGURE 8.13-6 Historical Earthquakes in Canada 
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FIGURE 8.13-7 Seismic Sub Regions 
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8.13.5.2 Tsunami 
 
Ruffman and Tuttle (2005) have noted that written history of tsunami by European settlers on 
the western side of the Atlantic Ocean is relatively short and little oral history from first nations 
peoples or Viking visitors survives.  The following is summarized from their work: 

• The first known historic local tsunami is that caused by the November 1, 1755, Lisbon 
offshore earthquake; 

• Tele-tsunami is known on September 24, 1848, from Fishing Ships Harbour, southern 
Labrador, to St. John's; 

• A local tsunami was noted on June 27, 1864, at St. Shotts on the southwest extremity of 
the Avalon Peninsula, Newfoundland; 

• On November 17, 1872, tide gauges on the Fox Islands in Penobscot Bay and in North 
Haven, Maine registered a train of tsunami-like waves for about six hours; 

• On August 10, 1884, a magnitude 5.6 earthquake in southern New York State created a 
tsunami that was observed in Philadelphia, along the coast at Trenton and Highlands, 
New Jersey, and through to New York Harbour; 

• On October 4, 1884, three trans-Atlantic cables south of the Tail of the Banks broke at 
the same time over a down-slope distance of 10 nautical miles suggesting a slump; a 
possible tsunami may have resulted, however no tsunami reports are presently known; 

• On January 9, 1926, an apparent tsunami was seen at Bernard, in Bass Harbour on 
Mount Desert Island, and at Corea in Maine; 

• On November 18, 1929, the magnitude 7.2 "Grand Banks" earthquake (epicentre of 
44.5°N, 56.3°W) triggered a large submarine slump that generated a tsunami and 
caused the loss of 28 lives.  It represents Canada's largest documented loss of life 
directly related to an earthquake; and 

• In 1940, a small tsunami-like event observed on the Island of Saint-Pierre may have 
been associated with the Laurentian Slope Seismic zone (LSP in Figure 8.13-7).  

 
Other tsunami which preceded these are known from studies of the offshore geologic record 
(Campbell et. al., 2003; Bornhold et. al., 2004; Finea et. al., 2005). 
 
The tsunami that is most relevant to the proposed Keltic plant site is that of 18 November 1929, 
in which a magnitude 7.2 earthquake occurred along the southern edge of the Grand Banks 
(epicenter of 44.5°N, 56.3°W) that was felt as far away as New York and Montreal (GSC, 2005).  
On land, damage due to earthquake vibrations was limited to Cape Breton Island, where 
chimneys were overthrown or cracked, and where some highways were blocked by minor 
landslides.  However, the earthquake triggered a large submarine slump that generated a 
tsunami that was seen in Cape Breton Island, where it did minor damage; it was physically seen 
as far southwest as Lunenburg, Nova Scotia, and in Bermuda.  It was recorded on tide gauges 
as far south as Charleston in the US, in the Azores, and across the Atlantic Ocean in Portugal.  
(Ruffman, 2001). 
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The tsunami traveled at speeds up to about 500 km/hr through deep water, and over the 
continental shelf at about 205 km/hr toward Halifax and 140 km/hr toward  Newfoundland, 
where two-and-a-half hours after the event, three main pulses arrived along the coast of the 
Burin Peninsula with amplitudes of 3 to 8 m (Finea et. al., 2005) and a runup that rose 13 m 
(Ruffman, 2001) above sea level and perhaps as much as 27 m (GSC, 2005) above sea level in 
narrow bays.  It claimed a total of 28 lives in Newfoundland, one life in Cape Breton, Nova 
Scotia, and caused more than $1 million (1929 dollars) damage (estimated as nearly $20 million 
2004 dollars).  This represents Canada's largest documented loss of life directly related to an 
earthquake. 
 
The proposed Keltic plant site was shown by the GSC (2005) to be just at the edge of the "minor 
damage" zone for the 1929 tsunami. 
 
8.14 ARCHAEOLOGICAL RESOURCES 
 
An archaeological resource impact assessment of the Keltic Study Area was conducted under 
Heritage Research Permit A2004NS76 (LNG plant site) (Appendix 13).  A full assessment 
including a historical background study and field survey were conducted for the proposed plant 
site which resulted in the discovery of twelve previously unrecorded archaeological sites, at 
least three of which are expected to be impacted by construction of the LNG plant.   
 
8.14.1 Historical Background Research 
 
8.14.1.1 Keltic Site 
 
Historical research was conducted at Nova Scotia Archives and Records Management (Halifax), 
NSDNR, the NSMNH Heritage Division, and local libraries.  Historic maps, manuscripts, land 
grants and deeds, archaeological reports, and published sources were consulted.  This 
background study revealed a long settlement history pre-dating the arrival of Europeans to the 
province. 
 
Before the arrival of European settlers to Goldboro in the nineteenth century, the area was 
home to at least two Mi’kmaq encampments, at Schoolhouse Brook and at the head of the 
harbour on Isaac’s Harbour River.  Local residents have also indicated the possibility of a third 
encampment at Webb’s Cove.  The district was known to the Mi’kmaq as “Eskegawagik” 
meaning “skin-drying place” (Cook, 1976).  In the seventeenth and eighteenth centuries, this 
area was visited by the French and English although there is no documented European 
settlement in Isaac’s Harbour prior to 1817. 
 
In about 1817, a Black Loyalist settler, Isaac Webb, moved his family from County Harbour to 
the east side of Isaac’s Harbour (then known as Port Hinchingbrook) which was unsettled save 
for the few native encampments.  Webb built a large white farmhouse there (Hart, 1975). 
 
In 1831 some fishermen from the western end of the province settled on the west side of the 
harbour and the community became known as Isaac’s Harbour after the pioneer the settlers 
found there.  Several families of Black Loyalists settled around what is now known as Webb’s 
Cove.  Most of these early Black Loyalists were fishermen (Cook, in PANS, undated).  
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The Black Loyalist settlers were buried in a cemetery at Red Head on the east side of the 
harbour.  No burial records for the cemetery at Red Head have been located and only one 
headstone was ever known in the cemetery, although an archaeological excavation in 2001 
(NSMNH, 2001) resulted in the discovery and removal of 24 burials.  The single carved 
headstone in the cemetery was that of Henry Webb who died in 1935 and was the last surviving 
descendent of the original settlers remaining in Isaac’s Harbour East (Niven et. al., 2001). 
 
On March 11, 1898 Isaac’s Harbour East was renamed “Goldboro” by an act of Legislature, due 
to the discovery of gold there in the mid-nineteenth century (Statutes of Nova Scotia, 1898). 
 
Historic maps reveal little about the settlement history of the Keltic Study Area.  Land was not 
granted by the province until the late nineteenth century.  The 1776 Atlantic Neptune does not 
show any settlement on Isaac’s Harbour (Port Hinchingbrook), nor does the 1834 Great Map of 
Nova Scotia, although the main road along the shore is shown.  Ambrose F. Church’s map of 
Isaac’s Harbour, published in 1876, shows several wharves and stores along the shore, along 
with a lobster factory and an “old crusher” just north of Webb’s Cove.  A cookhouse, blacksmith 
shop, “old mines” and a few residences are situated within the Keltic Study Area on the east 
side of the main road (Church, 1876). 
 
Gold was first discovered on the west side of Isaac’s Harbour on September 14, 1861.  It was 
discovered a short time later on the east side of the harbour by two natives, on what became 
known as the Mulgrave lead.  By 1862, several leads had been discovered and were in 
operation throughout the district including the Mulgrave and Victoria leads in Goldboro.  The 
Mulgrave lead continued to be mined at varying rates and under various management firms well 
into the twentieth century (Malcolm, 1912). 
 
In 1887, a quartz vein was discovered on Hurricane Island and three shafts were sunk and 
worked by the Island Mining Company.  A gold lead was discovered in the Skunk Den in 
1890 and was being mined by 1892 (Hunt 1868).  Mining in Goldboro halted for the last time in 
1943 (Hunt, in Malcolm, 1912).  
 
8.14.2 Archaeological Field Survey and Reconnaissance 
 
8.14.2.1 Keltic Site 
 
Prior to the field survey of the proposed Keltic Site, two archaeological sites were recorded 
during previous archaeological assessments.  Archaeologist Laird Niven recorded the remains 
of the late nineteenth century Skunk Den Mine located on the south side of Sable Road within 
the Keltic Study Area.  The site includes the remains of several stone crusher piles and 
irregularly-shaped depressions likely associated with open-pit mining.  
 
In response to concern by citizens of the Lincolnville community, in 2000 and 2001, a crew of 
archaeologists and community members, lead by archaeologist Laird Niven, conducted an 
excavation of the cemetery at Red Head.  The purpose of the excavation was to identify and 
remove burials which were being impacted by severe erosion of the table land on which the 
cemetery was located.  Twenty-six burials were encountered over the two seasons and the 
skeletal remains were moved to a laboratory where forensic analysis and identification (gender, 
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age, and pathology) was conducted before the remains were reburied at the Goldboro Baptist 
Cemetery.  
 
No additional burials were encountered at Red Head during subsurface testing for the proposed 
Keltic Facility.  Twelve archaeological sites were encountered during the survey of the 
remainder of the Keltic Study Area including eight sites on the peninsula, one on Hurricane 
Island, and the remaining three within the Industrial Park (Figure 8.14-1).  
 
Five unidentified features were discovered and recorded at Sculpin Cove north of Red Head.  
All five features are comprised of irregularly-shaped depressions with no structural elements or 
associated artefacts visible on the surface.  The age and function of these features is not 
known. 
 
On Hurricane Island, at the mouth of Isaac’s Harbour, archaeologists discovered and recorded 
the remains of a late nineteenth century gold mining operation.  The site is very extensive and 
includes numerous mine-related features spread out over the island including several irregularly 
shaped depressions associated with air shafts or surface prospecting.  There are also several 
large deep rectangular depressions which may be related to open-pit mining, a possible powder 
magazine, a stone-lined well, and numerous other unidentified features.  The site is associated 
with the Hurricane Island Mine which was opened in 1887 by the Island Mining Company. 
 
The McMillan Mine is located north of Red Head and appears to be relatively modern (early 
twentieth century) as the main feature is comprised of a square footing of stone and concrete 
construction with wooden block supports inside.  To the south of the main feature is a mine 
shaft adjacent to the shoreline. 
 
Above Dung Cove archaeologists discovered a site likely associated with settlement which 
includes a rectangular stone-lined feature.  The feature is obscured by low tree cover and is 
surrounded by three stone piles resulting from field clearing.  The land appears to have been 
cultivated at some point.  The age of this site is not known but given its proximity to Webb’s 
Cove, it may be associated with Black Loyalist settlement. 
 
The Giffin’s Mill site is located above Dung Cove on the north side of an old roadway that runs 
south-westward from Highway #316.  The site is comprised of a shallow rectangular depression 
which is bounded on the east by a wooden structure of vertical posts and on the north and south 
by a mortared stone wall.  A sluice runs parallel to the old roadway from the highway and leads 
to the feature.  This area is marked on historic maps as “Griffin’s Mill” (GSC, 1904). 
 
The Hattie’s Belt site is located adjacent to Highway #316 on the east side, south of Sable 
Road.  The site encompasses an area approximately 50 m by 50 m and includes several stone 
crusher piles, air shafts, and/or open pits associated with gold mining.  At the west end of the 
site immediately adjacent the highway is a surface tunnel which is marked on the 1904 gold 
district map for Isaac’s Harbour (GSC, 1904).  
 
The Giffin lead is located adjacent to Sable Road on the south side.  The site stretches for 
approximately a 50 m radius and includes more than a dozen irregularly-shaped depressions, 
likely associated with surface prospecting for gold.  There are also at least six stone crusher  
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FIGURE 8.14-1 Location of Heritage Resources 
 




