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In response to a call from Mr. c . Gallant on May 21 , 

1975 and a confirmation call on May 22 , 1975, Mr . Alan Ru f fma n 

undertook a search at Bedford Institute of Oce an ography an d in 

various library sources . 

under 4 broad cat ego ries: 

a. bathymetry 

b. marine geo l og y 

The information searched for falls 

c. physical ocea n ograph y 

d . fisheries 

The results of the search were reported in detail at a meeting 

at N.B.E.P.C. Service Cen ter, Fredericton , New Brunswick on 

May 29 , 1975. The findings are reviewed briefly below and an 

annotated bibliography a tt ache d . 

a . Ba th yme try 

Mr. Ruffman spoke with Mr. Ross Douglas at Bedford 

Institute of Oceanography . All data along this coast from 

al mos t Lorneville to the Maine border is in the orde r of 25 

years o ld and it appea rs that none of the raw b a thymetry 

sounding rolls a re available . Charts D7 or L-4011 and 

L(D7)434o cover the gene ral area ( Can . Hydro . Serv ., 1972 

and 196 6b ) especially Grand Ma n a n Channel and Owen Basin . 
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Charts 4343 and 4373 are more speci~ic to Head Harbour Passage 

and Friar Roads .( Can . Hyd . Serv., 1 966a and 1972b). 

Only 2 " field sheets " were found at Bedford Institute 

thou g h Chart 4340 gives some indicat i on , a n other sh owin g more 

detailed da t a in Herring Bay, Campobello Island
1
must exist . 

A "field sheet " shows the digitized values of depth transcribed 

on to a map . The spaci ng of values along any track depends 

upon the roughness and upon the spacing . If the bottom is 

flat or slopes are even , the digitized values or " inked sound -

ings" are wide l y spaced . If the bottom is steep or rough, 

the scale of the map limi t s the number of soundings possible 

to display even though the data is contin uou s along a line. A 

description of the two field sheets #1850 and #1983 appears 

below: 

Field Sheet 1850 
Friar Roads , Campobello Island , N . B . 
4 in = 1 mi . Mr . G. E. Lowe and Assist . 1948 
Poly c onic pro j ection 
Soundings in feet 

44°52 • oo " N to 44°57•oo"N 
66°55 • oo "w to 67°oo • oo "w 

Closely spaced lines run NW-SE between Dee r Island and Campobello 

Island and on both sides of the intervening small Indian Island. 

Navi gation was well control l ed with 4 stations on Deer Island, 

5 on the small island and 3 or 4 more on Campobello Island . 
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Line spacing was about 1/16 to 1/10 of a mile . The data 

could easily be contoured at an even 1 0 ft spacing t o give 

gradients. Navigation was by sextant but will be accurate . 

The sounding rolls are not available , having been 

thrown out some years ago . Indeed , all the data along thi s 

coast is very old data and generally unavailable. 

Field Sheet 1983 
Grand Manan, n o rthern sheet 

D.A. Charles and assistants , 1949 

Scale 2" = 1 naut. mile at Lat . 44°37 ' 00" 
Polyconic Projection 
Soundi ngs in fathoms 

44°45 1 00 11 N to 44°58 1 30"N 
66°34 1 00"W to 66°57 ' 00"W 

Sounding lines run east-west between Campobello Island and 

the Wolves and the shoal to the south . The east-west lines 

are at a wide spacing of about ~ n . m. and continue south to 

the southernmost end of Campobello. From the south end of 

Ca mpobello and West Quoddy Light lines run NW-SE over to 

Grand Manan Island but again at a very wide spacing of 

about ~ n.m. There are no detailed lines off the east, west or 

south coast of Carnpobello Island . However , the northwest and 

northeast coast of Grand Manan have very detailed bathyrnetry 

lines about 1/16 n.m . apart ( 400-500 ft ) . The lines run up 

to 2~ n.m . from shore into depths of 50-60 fm. Field Sheet 

1983 extends from Swallow Tail on the east of Grand Manan 

around Horthern Head and south to the small bay (D a rk Harbour ) 
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vith a bay mouth bar on the western coast. Navigation was 

by sextant . The records are not available 

There are also two American charts available in the 

area; Charts #303 and 801 (National Ocean Survey, unknown). 

There is also one line of detailed bathymetry run down Grand 

Manan Passage in 1971 on the.HUDSON 71-014 cruise but it is 

not known yet if there was any seismic penetration along this 

line. 

b. Marine Geology 

A map of the surficial ge olo gy of the Bay of Fundy 

has been prepared by Mr . Gordon Fader and Brian MacLean of 

the Atlantic Geoscience Centre of the Bedford Institute of 

Oceano g raphy . Their map leaves Grand Manan Channel blank 

because of a lack of data . Likewise, the south end of Grand 

Manan Island in the area of the shoals is blank. Their 

data approaches Owen Basin and indicates a fairly fine to 

medium-grained sediment in this area . 

The American government has produced a number of 

maps of bottom sediment type (Schlee, 1973 ) and their maps 

indicate 2 or 3 samples in the area of Grand Manan Channel . 

They interpret the area to be sandy or silty on their maps . 

The exact positions or exact size analyses of the samples is 

not known. No sa mples from Canadian or American sources 
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are known in Friar Roads or Head Harbour P a s sage . 

Th e only other source of geo logical data may be in 

Neish a nd Perkins (1973a , b ) if their original field notes 

can be recovered. They had 1 2 diving s tations between 

Dark Harbour a nd Whale Cove o n Grand Manan Island , 5 stations 

between Lib ert y Point and Eastern Head including Herring Bay 

on Campobel lo Island a nd 7 stations in He ad Ha rbour Passage 

area . Cummings ( 1965 ) gives the details of the bedrock ge ology . 

Magnetic maps are ava il able from airborne data but no 

other geophysical information is known including marine seismic 

inf ormati o n. 

c. Physical Oceanography 

Mr. Don Lawrence of the Coastal Ocea n ograp hy Section of 

the Atl antic Oceanographic Laboratory was int erviewe d at 

Bedford Ins ti t u te of Ocean o graph y . A nu mber of reports of 

the the International Passamaquoddy Engineering Board ( 1950) 

a nd more important ly, of the International Passamaquoddy 

Fish e ri es Board (19 59a ,bi 1963) are pertinent to the various 

cable crossings. The r eference (1959a) c ontain s 6 papers 

(A ppendix 1). The pape r by F . D . Forgeron deals with one 

station (#14) in Grand Manan Channel and 2 stations (#13 , #3 ) 

in Fria r Roads and llorth Head P assage a nd outlines temperature 

and salinity. J.R. Chevrier's pape r deals with drift bottle 

experiments in Grand Mana n Passage and North Head Passage . 
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W.D. Forrester wrote of current measurements and 

had a station between Indian Island and Deer Island, 

another between Indian Island and Campobello (#55 and #54 ). 

Two mo re stations were in North Head Passage (#58 and #57). 

Three stations were straddling the U.S . -Canada boundary in 

Grand Manan Channel (#19 , 20 and 21) . Hourly vector diagrams 

are g iven over a whole tidal cycle , with both direction and 

magnitude indicated at 3 levels of the water column (surface, 

mid-water, bottom) and this report is pr obably the most complete 

data available o n currents. Trites and MacGre go r's paper adds 

a little additional data that may be relevant to the Indian 

Island area in Friar Roads. Bumpus reviews the surface circu-

lati on . Appendix 2 reviews the content of all the papers in 

the 1963 publication of Passamaquoddy reprints. 

As a result of the applicat ion by the Pittston Company 

for an oil refinery at Eastport a se ries of public hearings 

we re h eld. This r es ulted in the assembling of a team within 

the Federal Department of the Environme nt to review the potential 

hazards of such a development. This resulted in a publication 

(Trites, 1974) which consisted of a series of 9 publications 

(A ppe ndix 3 ). A number of thes e were built upon earlier 

Passamaquoddy papers . The first paper by Loucks, Trites , 

Drinkwater and L awrence discussed the results of 3 additional 

stations in Friar Roads and Head Harbour Passage . These were 

shallow stations at 5 and 15 me tres and were not bottom stations. 
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d. Fisheries 

No data was gathered. It would be desirable to 

know where the groundfish and scallop fishing areas are 

located and the type of eqi pment used. Scallop dragging 

operations may well endanger a cable if not buried. The 

Otter boards of bottom trawling operations may not damage 

a cable but should be reviewed .* 

The third paper in Trites (1974) reviews some of 

the fishing areas around Grand Manan . Biologists at the 

Fish eries Research Board in St. Andrews, New Brunswick and 

at Dartmouth or Halifax may have more precise data as to 

fishing areas and equipment used. 

* Otter trawls examined in Halifax do not have rollers and 
appear to this observer to be quite heavy and potentially 
d a ngerous to a cable. 
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Canadian Hydrographic Service . 1966a . Friar Roads . Can. 

Dept. Env ir. 

fathOJ:'.!S . 

Chart 4343 , Scale 1:19 , 20 0, soundings in 
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Covers Friar Roads and south end of Head Harbour Passage. 

Canadian Hydr og raphic Service . 1966b. Grand Manan. Can . 

Dept. Envir ., Chart L(D7) 4340, Mercator Projection, Nat ur al 

Scale 1:60 , 000 , soundings in fathoms . 

Covers Grand Manan Island , Grand Manan Channel , Nort h 

Harbour Passage and Machias Seal Island . 

Canadian Hydrographic Service. 1972a. Approaches to the Bay 

of Fundy. Can. Dept . Envir ., Chart D7-4011 or L-4011 , 

Mercator Projection , Natural Scale 1:300 , 000, soundings 

in fath o ms . 

General chart of entrance to Bay of Fundy , Chart 

indicates a seve re paucity of bathy me tric data 

around Grand Manan and Carnpobello Islands. This 

lack applies to both the Canadian and American 

sections of Grand Manan Channel . 

Canadian Hydrographic Service . 1972b . Campobello Island. 

Can. Dept . Envir ., Chart 4373, Mercator Pro j ection , Tlatural 

Scale 1:36,400, soundings in f a thoms . 



Covers from West Quoddy Head up to Passamaquoddy 

Bay including Fri a r Roads and Head Harbour Passage . 

More detailed soundings shown in Herring Cove than 

shown on field sheet 1850 . 
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Cummin g , L.M. 1965 . Geology of the Passamaquoddy Bay Region , 

Charlotte County , New Brunswick . Geel . Surv . Can ., Paper 

65-29, 36 p. plus 2 maps in pocket. 

Bedrock geology . 

Geolo gi cal Survey o f Ca n ad a. 1946. Grand Manan , scale 1 i n = 

1 mi (1:6 3 , 360 ), by F . J . Alcock, map 965A. 

Int ernatio n al Passamaquoddy Engineering Board . 1950. Report 

to Int ernati o n al Joint Commission on Scope a nd c os t of an 

invest i gatio n o f Passamaquoddy tidal project . Inter . 

Passamaquoddy Engineering Bd . , Ottawa . 48 p . plus maps . 

Li st o f references o n tidal power and r epo rts on the 

Passamaquoddy ti da l power project . 

International Passamaquoddy Fisheries Board . 1959a . Report 

to International Joint Commission . Appendix 1 , Oceanography , 

st udi es in physical oceano g raphy for the Passamaquoddy 

Powe r P r o j ec t by D. F . Bumpus , J.R . Chevrier, F.D . Fo r ge r on , 

W. D. Forester, D. G. MacGregor and R . W. Trites. 

Washington. 

Ottawa and 
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and Bumpus pertinent. 

Those by Forgeron , Forreste r 

Good data on currents. Also 

11 

data on Lepreau wind velocities . 

data . 

No marine geological 

International Passamaquoddy Fisheries Board. 1959b. 

to International Joint Commission, Appendix IV . 

Repo_rt 

Economics 

Canada by W.F . Doucet , Ottawa and Washington. 79 pp . plus 

Appendices . 

International Passarnaquoddy Fisheries Board . 1963 . Scientific 

Reports , International Passamaquodd y Fisheries Board , 1956-

59 , Collected Reprints. 

A collection of 65 papers. No marine geology . 

Jones , H. 1929 . Passamaquoddy Bay , New Brunswick , Canada 

Maine, United States, a consideration of some of the 

hydrophysical effects of the proposed power development 

(based on conditions of the summer session) . North Am . 

Comm. on Fishery Investigations , Ottawa . 28 p. plus 

illus . 

National Ocean Survey . Unknown . West Quoddy Head to Cross 

Island . Nat . Oceanic & Atmospheric Admin., Rockville , 

l·l d . , C h art N o . 3 0 3 , S c a 1 e 1 : 4 0 , 0 0 0 , P r i c e $1 . 5 0 Am . /, 



Covers south end of Carnpobello Island and Grand 

Manan Channel including very southwest end of 

Grand Ma nan Island and Machias Seal Island. 

National Ocean Survey. Unknown. Calais to West Quoddy 

Head plus Eastport Harbour insert . Nat. Oceanic & 

Atmospheric Administration, Rockville , Md., Chart 

No. 801, scale 1:40,000 (E astpo rt Harbour inset at 

1:5,000), Price $1.50 Arn . 

Covers Friar Roads and Head Harbour Passage as well 

as all of Campobello Island. 

12 

Neish, I.e. and T.R . Perkins . 1973a. The distribution of 

kelp and othe r commercially useful marine algae in 

Charlotte County , New Brunswick . Report to N. B . Dept . 

Fish. and Envir. by Applied Marine Research Ltd, Ref . 

AMR , 73-3A, Halifax, N.S ., 46 p. 

- Number of stations off west coast of Grand Manan and 

off sou theast coast of Campobello Island. 

Neish, I.e. and T . R . Perkins . 1973b . The distribution of sea 

urchins in Charlotte County, New Brunswick . Rept . to N.B. 

Dept . Fish and Envir . by Applied Marine Research Ltd, Ref. 

A l·l R 7 3 - 3 B , H a 1 i f a x , N . S • 2 2 p . 

Same stations as 1973a above . 
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Schlee, John. 1973. Atlantic Continental Shelf and Slope 

of the United States-Sediment Texture of the Northeastern 

Part. U.S. Geol . Survey , Prof. Paper 529-L, 64 p. plus 

6 folded maps in pocket . 

Statistical analyses and geologic interpretation 

of marine samples . Data extends into Grand Manan 

Channel at the entrance to the Bay of Fundy. 

Trites, R.W. (ed.). 1974. Summary of physical, biological , 

socio-economic and other factors relevant to potential 

oil spills in the Passamaquoddy Region of the Bay of 

Fundy. Fish. Res. Bd . Can., Tech. Rept . No. 428, 229 p. 

A report done for the Pittston Oil Refinery heayings 

at Eastpor t, Maine. Report done for New Brunswick 

government to present. Canadian government took no 

formal part. Virtually no marine geology - some 

reference to Pleistocene geology . 

Watts, A. B. a nd R.T . Haworth . 1974. Geophysical survey of 

the Gulf of Maine and adjacent areas: HUDSON 71-014 , 

Atlantic Geoscience Centre, Bedford Institute of 

Oceano g raphy, Dartmouth, N.S. Data Series~ B.I.-D-74-2 . 

Processed data of computer printout plus profiles 

of gravity and magnetics . One line runs between 



Grand Ma nan Island and mainland down the axis 

of Grand Manan Passage. 
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FOR SWORD 

The rapidly growing demand f or oi l i n North Ameri c a h as resu l te d 
in the development of major oil terminals serviced by tankers i n ever 
i1 creasing size and number. Despite increased a\.:e.reness of t h e hazard s 
involved , improved safety standards , etc. , accidents do and will con ­
tinue to take place resulting in oil spilled into the sea . To those 
faced with the task of deciding where oil terminals are t o b e b ui l t 
and how they are to be operated , it is essential to have knowledge 
not only of the potential benefits to be derived from such developme nts 
but also the potential risks associated wit~ the endeavour . The r isk 
of accidents , and the subsequ e nt escape of oil poses threat s to many 
of the coastal r esources, activities , and amenities in the immediate 
vicinity of a terminal or grounding . 1foreover , because of the mobil i t y 
of oil in the sea , even those several hundred miles from the scene may 
be placed in j eopa rdy. 

Earlier this year the Pittston Company submitted t o the Mai n e 
Board of Environ.mental Protection a proposal to locate a ma j or oi l 
refinery ~~d marine terminal development on Moose Island , Eastport , 
ifaine. 'Ynis proposal has brought clearly into focus the need f or b oth 
Ar.iericans ~~d Canadians to recognize the potential benefits and liabil­
ities associated \.lith s uch a development . This report has b een ass~mble d 

by a t ea~ within the Department of Environment in orde r to provide a 
concise sUJT..mary of a number of the physical , biological and Canadian 
socio-economic factors relevant to potential oil spills in the Pass ama­
quoddy Region of the Bay of Fundy . By outlining and identifying these 
f actors, it is our hope that thos e persons and agencies who have 
collec tive r espons ibility for presentation and consideration of a full 
and comprehensive view r e lating to the proposed developments at 
Eastport will be in a better position to do so . Additionally , some 
aspects of this report can be used more broadly since they are applicable 
to the consideration s of tanker terminal siting in general . 

R . W. Trites 

12 December 1973 

DEP/·..RTl·lENT OF ENVIROI . .fE NT TEAM MEMBERS : 

Dr. G. F, . Bean lands Mr . J. F . l·lcAvoy 
Dr . R. G. Brown Dr. D . J . Scarratt 
i·lr . G. De Wolfe Mr . s . N. Tibbo 
i·~. H. T. Doane Mr . c. Wachrnann 
l·tr . G. Eldridge Dr. D. Wilde r 
Dr . R. H. Loucks 



(ii ) 

TABLE OF CONTENTS 

Section Ho. 

1. Physical Oceanographic Characteris t ics ...... ... ......... 1 

2 . Dispersion of Spilled Oil ...................... ... .... .. 61 

3. Rene\.lable 1':arine Resources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 

4. Impact of Spills and Clean-up Technology on 
Living Natural Resources . . ........... ,. . . . . . . . . . . . . . . . . . . 141 

5. The Pos sible Effects of Oil Spills on Marine Birds .... . . 

6. Population, Fishing Activity and Fish Processing ....... . 173 

7. Tourism and Recreation , and Recreational Fishing 
and Boating ............................................ . 193 . . 

8. Shoreland Quality for Recreation .......... . ... . ........ . 207 

9 . The Role of the Environment in Planning and 
Scheduli ng the Operation of Oil Tenninals ..... ..... . ... . 215 



- 1 -

SLI'.·'.:!·:A.RY OF PHYSICAL, BIOLOGICAL , SOCIO-ECOJWMIC 
AJlD OTHER FACTORS RELEVAJ~T TO POTENTIAL OIL SPILLS 

O::' TllE PASSAHAQUODDY REGION OF THE BAY OF FIJJillY 

SECTION 1 

PHYSICAL OCEANOGRAPHIC CHARACT:E11ISTICS 

R.H. Loucks , R.W. Trites , K. F. Drinkwater 
and D.J. Lawrence 

Fisheri e s and Marine· Services 
Department of the Environment 

Bedford Institute of Oceanography 
Dartmouth , Nova Scotia 



- 3 -

CONTENTS 

Summary 

1. Introducti on 

2 . The Quoddy Region 

2.1 Tides and Tidal Currents 
2 .2 Tidal Excursion s 
2 . 3 Duration of Slack Wat e r in Head Harbour Passage 
2. 4 Current Variability and Extremes in Hea d Harbour Passage 
2.5 River Discharge 
2 . 6 Bottom Topography 
2 . 7 Selected l·:eteorological Variables 
2 .8 Surface Circulation (Re sidual Currents ) 

3 . Bay of Fundy Region 

3.1 Se l ected Meteorological Variables 
3 . 2 Waves 
3 . 3 Surface Circulat ion 

4. Re f erences 



- 61 -

SUl·'.:·lARY OF PHYSICAL , BIOLOGICAL , SOCIO-ECONOMIC 
AHD OTHER FACTORS RELEVANT TO POTENTIAL OIL SPILLS 

I N THE P/l.SSh.}·iAQUODDY REGION QF THE BAY OF FUlrnY 

SECT ION 2 

DISPERSION OF SPILLED OIL 

R.H. Loucks , D.J. Lawrence and D.V. Ingraham 
Fisheries and Marine Servi ce 
Depart~e nt of the En vironmen t 

Bedford Institute of Oceanography 
Dartmouth , Hova Scoti a 



- 103 -

SU"J.'.HARY OF PHYSICAL, BIOLOGICAL , SOCIO-ECOllOMIC 
AND OTHER FACTORS RELEVAllT TO POTENTIAL OIL SPILLS 

Ill THE PASSAl~QUODDY REGION OF THE BAY OF FUNDY 

SECTION 3 

RENEWABLE 1·tA.RINE RESOURCES 

D.G. Wilder , P.F. Elson , D.E. Gaskin, 
A.C. Kohl e r, W.T. Stobo and S.N . Tibbo 

Fisheries Research Board 
Department of the Environment 

Biological Station, St. P~drevs , N.B. 



- 105 -

CONTEilTS 

Summary 

1. Herring 

2 . Mackerel 

3. Groundfish 

4. Invertebrates 

5. Di adrornous 

6. Sea"Weeds 

7. Large pele.gics 

8. Plankto n 

9. l·le...rrunals 

10. References 



- 141 -

SUHMARY OF PHYSICAL , BIOLOGICAL , SOCIO-ECONOMl C 
AND OTHER FACTORS RELEVANT TO POTENTIAL OIL SPILLS 

IN THE PASSAHAQUODDY RffiION OF THE BAY OF FUllDY 

SECTION 4 

HlPACT OF SPILLS AND CLEAN-UP TECHNOLOGY 

ON LIVING NATURAL RESOURCES , 

AND RESOURCE-BASED INDUSTRY 

Davi d J. Scarrat t 
Fisheries Research Board 

Department of the Environment 
Biological Station , St . Andre\.l'S , !le\./' Brunswick 



- 161 -

Slfl·~HARY OF PHYSICAL , BIOLOGICAL , SOCIO-ECONOMIC 
AflD OTHE:R FACTORS RELEVANT TO POTENTIAL OIL SPILLS 

IN THE PASSAJ·:AQUODDY REGION OF THE BAY OF F1JNDY 

SECTION 5 

THE POSSIBLE EFFECTS OF O!L SPILLS ON MARINE BIRDS 

R.G.B . Brown 
Canadie.n Wildlife Service 

Department of the Environment 
Bedford Institute of Oceanography 

Dartmouth, Hova Scotia 



- 173 -

SU!·i:·~RY OF PHYSICAL , BIOLOGICAL , SOCIO-ECONOM.IC 
AJlD OTHER FACTORS RELEVANT TO POTENTIAL OIL SPILLS 

IN THE PASSAMP.QUODDY REGION OF 'fHE BAY OF FUJWY 

SECTION 6 

POPULATION , FISHING ACTIVITY AND FISH PROCESSING, 

OlARLOITE COUNTY , NEW BRUNSWICK , .AND BAY OF FUNDY 

G. DeWolf 
Economics Brunch 

Fisheries and Marine Services 
Department of the Environment 

Halifax , Nova Scotia 

and 

J.F. Mc.Avoy 
District Protection Off icer 

Conservation and Protection Branch 
Department of the Environment 
St. Andrews , New Brunswick 

Assisted by 

G.E . Eldridge 
Conservation and Protection Branch 

Department of the Environment 
St . .Andrews, New Brunswick 



- 193 -

SUHJ.1ARY OF PHYSICAL , BIOLOGICAL , SOCIO-ECONOMIC 
/lJ/D OTHER FACTORS RELE VANT TO POTEN'I'IAL OIL SPILLS 

IN THE PASSJlJ.1.AQUODDY REG ION OF THE BAY OF FUNDY 

SECTION 1 

TOURISM AND RECREATION, 

AND RECREATIONAL FISHING AND BOATING 

G. DeWol f 
Economics Branch 

Fisheries an d Mari ne Service 
Department of the Environment 

Halifax , Nova Scotia 



- 207 -

SUH!·!ARY OF PHYSICAL , BIOLOGICAL , SOCIO-ECOHOMIC 
AND OTHER FACTORS RELEVAJn ·ro POTENTIAL OIL SPILLS 

IN THE PASS!·'.AQUODDY REGION OF THE BAY OF FLITrnY 

SECTION 8 

SHORELAND QUALITY FOR RECREATION 

G.E. Beanlands 
Lands Directorate 

Environmental lfane..gement Service 
Department of the Environment 

Halifax , JI ova Scotia 



- 215 -

Sill:!1ARY OF PHYSICAL , B:::OLOGICAL , SOCIO-ECONOMIC 
AllD OTHER FACTORS RELEVAJlT TO POTBlTIAL OIL SPILLS 

IN Tli-:E PASS A1·'..AQUODDY REGION OF THE BAY OF FUHDY 

SECTION 9 

THE INFLUENCE OF ENVIRONMENTAL CONDITIONS 

ON THE OPERATION OF OIL TERMINALS 

R.H. Loucks and D.V. Ingra11am 
l·l a rine Sciences Directorate 

Department of the Environment 
Bedford Institute of Occ~~ography 

Dartmouth , nova Scotia 


