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In trod uc ti on 

This Report and Appendix 'B' covers the ComDev Marine 

involvement in the Grand Manan Channel and Head Harbour 

Pass age Cab le Crossing Surveys undertaken in conjunction with 

Geomarine Associates Limited . 

The offshore sub-bottom investigation off Point 

Lepreau is covered in Appendix ' A', under separate cover . 

In these projects, Com.Dev Marine was sub - contracted to 

provide the navigation equipment and hydrographic e~~er ti se 

to fulfill the contract obligations an d th en subsequently to 

investigate, establish and correlate the various horizontal 

control networks in the opera ti ons area. 
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Sept. 3. 

Sept. 8-11. 

Sept. 12-15. 

Sept. 16-18. 

Sept . 18. 

Sept. 19. 

Sept. 20. (a. m.) 

(p . rn . ) 

Sept. 21-2 3. 

Sept. 24. 

Sept. 25. 

Sep t. 26. 

Sept. 27 . 

Sep t. 28. 

1. Su mrnarv of Events 

Mee ting with NBEPC in Fredericton , re Grand 

}lanan Survey . 

Reconnaissance of Survey area . 

Research and preparation for survey in Dartmouth . 

Mobilisation of Survey in Grand Hanan . Fitting 

out of survey launch . 

Setting up Trisponder stations at Wolves and 

West Quoddy Hd . 

Operation testing of survey l aunch off Long 

Eddy Pt. Setting up Trisp ond er at Long Eddy Pt. 

Launch to Black Harbour to pick up ORE spares . 

Commenced survey between Campobe llo Is land and 

Gra:1d M2nan . 

Carri ed out cable route survey. 

Survey launch completed bottom sampling and 

photography . 

Transferred survey base to Wilson ' s Beach on 

Campobe llo Island . 

Ca rri ed out horizontal control observations 

between Deer Island and Campobe llo . 

Set up Trisponder s tations a t Leonardville 

Lt. and hori zontal control station "CHOC" . 

Very dense fog . Attempted comme ncement of s u rvey 

but experienced problems with water in antenna . 

Comme nced survey . 
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Oct. 2. 

Oct. 3. 

Oct . 3-11. 

Oct . 11-14 . 

Oct. 15-23. 

Oc t. 23 . 

Completed survey . 

Transferred Survey Base to Point Lepreau . 

Carried out survey at Point Lepreau . For 

details s ee Appendix ' A'. 

Consolidation of Survey Data with Geomarine . 

Carried out additional horizontal Control for 

Grand Hanan - Deer Island area . For details 

see Appendix ' B' . 

Post Survey compilation commenced. 
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2 . Pre-Survey Activity 

2.1 Pre-Survey Conference 

2 . 1.1 A meeting of Geomarine and ComDev Marine personnel with 

Mr. C. Gallant of NBEPC and t-fr. A. Biggar of Hon tr eal 

Engineering was held in Fre dericton on September Jrd 

to finalize details of the Grand Manan - Campobello 

Island - Deer Island cable route surveys , during which 

the following points were resolved. 

2 .1. 2 Routes to be surveyed 

a) Deer Island to Campobello Island . Five lines 

across the channel concentrated in the Casco 

Island area with six check lines perpendicular 

to the across-channel lines. 

One line parallel to an existing cab le to be 

surveyed using side-scan sonar . '!his was requested 

by Mr. Biggar to determine if the cable is buried 

and was related to the cable laying project in 

Northumberland Strait scheduled for 19 76 . 

b) Indian Is land to Campobello Is land . 'I\vo lines 

1000 feet apart crossing the channel in the vicinity 

of the e..'CiS ting cable between Cherry Island and 

Bald Head. Two check lines to be run perpendicular 

to the across-channel lines. 
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c) Grand Hanan to Campobello Is land. The line 

designated "G" and one line each side at 1000 

feet spacing. Three check-lines perpendicular 

to the across-channel lines. 

2.1.3 Horizontal Control 

It was hoped that existing horizontal control would 

be sufficient and adequate for the purpose of the 

survey and it was agreed that if additional control 

work was necessary this would be done by ComDev :Marine 

personnel. A reconnaissance survey to attempt to 

locate existing control points and establish the extent 

of new control requirements was scheduled for September 

8th. Prior to this, E. Williams and W. Latter of 

ComDev researched existing control information at the 

Canadian Hydrographic Service in Ottawa and at Bedford 

Institute in Dartmouth, N.S. 

2.1.4 Tidal Reductions 

After discussion it was decided that tidal reductions 

based on Secondary Port prediction would be adequ2te 

for the purposes of this survey. 

2.1.5 Operations Schedule 

Due to the l ateness of the season it was stressed that 

operations should commence as soon as possible and the 

folla.dng projected schedule was drawn up . 
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September 4 th Research existing control informa til' ll. 

Sep t ernber 8th Reconnaissance survey to locate exi~; l lng 

control and decide on additional con t rol 

r eq ui remen t s . 

September lSth Start mobilization . 

Sep t ernbe r 18th Start route surveys. 

Sep terrber 28th Complete route surveys . 

2 . 2 Pre-Survey Reconnai ssance 

On the morning of 8th September 1975, Hr. C. Gallant and Hr. I~ . 

Hundel of NBEPC, Hr . J . Stewart of Geomarine and Hr . E . Willi 1\111:; 

of ComDev :Marine se t out by helicopter from Fredericton to can-;.• 

out a brief reconnaissance of the Grand Manan - fuer Island 

survey area . However, owing to low v i sibility i n the Bay of 

Fundy, this had to be abandoned and the party resorted to 

vehicular transport . 

A fishing vessel inspected at Dipper Harbour as a potent ial 

s urvey launch was found t o be unsuitable. Mr . Gallant then 

r eturned to Fredericton, and the remainde r of the party pro­

ceeded to Grand Hanan. Ano ther fishing vessel belonging to 

Hr. Green was inspected , and arrangements made for the hire 

of this vessel for the survey. Hr. Stewart then returned to 

Halifax. 
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Between Sep t embe r 9-11, R. :Mundel and E. Willi ams carried out 

a r e conn aissance of the Grand Hanan - Deer Isl and s urvey area: 

attempting to locate exis ting control stations and assess thei r 

suitability for the survey requirements. This t ask was 

hampered by the fact that there had been little activi t y by 

Government Agenci es in the survey area in r e cent yea rs, and 

many of th e exis ting control points establishe d in past years 

were tmrecoverable or proved to be unsuitable for the survey. 

It should be noted tha t when the Canadian Hyd r ographic Service 

are carr ying out a survey, sufficient control points are 

established throughout the survey area, and all prominent 

structures a r e co-ordinated. Such i s the case at the southe rn 

end of Grand Manan in their operations in 1948-49 . 

As a result of the r econnaissance further r esearch was carrie d 

out at Bedford Institute between September 12-15, a t temp ting 

to gathe r addi ti ona l horizontal control da ta for the provisionally 

selected trisponder si t es . These sites t e nded to be Li gh thouse 

s truct ur es, and a r e normally co-ordinated locations. In this 

case, only approximate positions were lis ted, and Hr. T . B. Smith 

of Bedford Institute warned us to trea t the majority of the 

available horizontal contro l data with caution . 
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3. Survey Operations 

The survey party was mobilised in Grand Hanan in the week 

beginning 15th September according to the schedule drawn up 

at the pre-survey conference. 

During the first few days, ORE personnel were given the 

opportunity to install their geophysical equipment in the 

launch, while the ComDev Narine personnel prepared and set 

up the navigation system at the Wolves, West Quoddy Head, 

and Long Eddy Point. The on-board navigation system was 

installed towards the end of the mobilisation period. Owing 

to the amount of geophysical equipment and the limited cabin 

space on the launch, the navigation system could only be 

installed in the fore-peak area of the vessel. The cockpit 

space was taken up with the deep tow sides can winch and left 

no space for the navigation aids. Ideally, the winch should 

have been installed on the after deck but the outboard gallows 

on the launch would have required major reconstruction which 

could not be jus tified. For the duration of the survey, the 

surveyor was located in the fore-peak area tending the 

navigation equipment and 01.Jing to the noise of the boats engines, 

had to scramble through to the steering position to give the 

helmsman cours e alterations, that he could hear above the back­

ground noise. This caused a great deal of inconvenience and 

fru s tration to all crowded in the cabin space . ~.Jo intercom 

sys terns were tried out but could not compete against the engine 

noise. 
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In order to carry out the survey requirements, it was 

necessary to have the navigation, echosounde r and geophysical 

eq ui pment all running simultaneously . Invariably, minor 

problems were encountered with some of the equipment and 

tho se which involved the navigation are covered in Section 4.3 . 

However , in this phase of the survey , loss of signal was 

experienced on foggy days a t the ext r eme ranges of the coverage. 

On completion of the Grand Manan Channe l s urvey on September 

24th, the be.se of operations was transferred to Wilson ' s 

Beach on the west side of Campobello Island . While the move 

was taking place CornDev }~rine personnel were engaged in 

horizintal control observation to determine the co-ordinates 

of th e newly es tabli shed Trisponder locations at Deer Island 

Point, Leonardville Light and Notice Board. 

During the computation of the se co-ordinates there appeare d to 

be some discrepancy in the published values of one or more of 

the existing stations us ed in the survey of the new sta t ions . 

Since th e ti me frame for completion of the survey did not 

permit further investigation a t that time provisional co-

ordinates were adopted and th e survey proceeded . The 

di screpancy in the provisional values was confirmed when apparen t 

shifts of up tc 50 meters ~n boat position occur r e d when swi tchin g 

from one pair of Trisponder ranges to another. It was these 

di screpancies which necessi tated the additional horizontal contro l 

survey described in Appendix ' B'. 
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The use of provisional co-ordinates durin g th e operation 

undoubtedly r esult ed in some displacement of th e ac tual 

lines from the intended lines but th e ex t ent of this dis-

placement was not considered critical. 

TI1e Head Harbour Passage phase of th e route survey was 

sche duled to commence on September 27th but problems with 

the Trisponder Master Unit on th e l a unch de layed the sta rt. 

Th e fault was traced to moisture in the waveguide of th e 

antenna , probably due to very dense fog prevail i n g a t th e 

time , and although the fa ult was r ectifi ed in the field , 

a spa re antenna unit was dispatched from Ot t awa. TI1e survey 

com~enced on September 28th and was complete d on Oc tober 2nd . 
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4. Equipment and Personnel 

The following personnel were deployed by ComDev Marine in the 

operations : -

E.J. Lancaster-\hlliams 

W.E. Latter 

Hydrographic Surveyor 

Electronic Technician 

The following navigation and hydrographic equipment was supplied 

by ComDev Marine: -

1 Elac Echosounder and accessories 

1 ComDe v Trisponder System and accessories 

1 Spare Remote 

1 CA-1000 Tellurome ter 

1 Auto Plot System 

1 Set Spares, Tools and Test Equipment 
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5. The Navigation System 

5.1 General 

The navigation sys tern used was the ComDev Trisponder 202A 

interfaced to the ComDev Auto Plot System, similar to tha t 

used for the route surveys and cable laying exercises in 

the Northumberland Strait in 1974/75 . 

The Trisponder 202A is an automatic distance measuring 

system providing ranges of the survey vessel from two fixed 

locations on shore. The Auto Plot system converts these 

ranges to grid co-ordinates and displays the position of 

the vessel on an X-Y plotter on which the required survey 

lines have been preplotted. TI1e s urvey launch is steered 

in such a rnann~r as to maintain the plotter pen on the 

preplotted track . 

5.2 Theoretical Factors Affecting Trisponder Range 

A. Atmospheric Conditions Affecting the Radar Horizon 

Radar waves are bent from a straight line in passing through 

th e atmosphere . (See Fig. lA) . The amount of bending 

depends on the difference in density and amount of water 

vapor at various levels of the atmosphere. 

The distance to the radar horizon is approximately 6% 

greater than to the optical horizon under 'standard' con­

di tio:1s . This phenomena occurs since radio waves undergo 

a greater dcwnward bendinr; than light waves . 
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In air whose surface dewpoint is higher than, or equal to, 

the sea-surf ace temperature, evaporation t akes place from 

the sea into the air above it. Unless the air is very unstable, 

this evaporation produces a shallow layer of air, some tens 

of feet hi gh, immediately above the sea surface, within which 

water vapor content decreases rapidly with height. This 

occurrence results in the partial trapping of near-horizontal 

rays from the radar, and has the effect of increasing radar 

ranges compared with 'sta ndard ' conditions. The conditions 

described above are more typi cal than 'standard ' and occur 

widely over oceans . 

Accentuated downward bending occurs when temperature decreases 

with h e ight l es s r ap idly, and/or when water vapor content 

decreas es \vith height more rapidly than in the ' standard ' 

atmosphe re. Either of these conditions (known as 'tempera ture . 

lapse' and 'humidity lapse' respectively) will result in 

extended radar de tection ranges. (See Fig. lB). If both 

occur simultaneously, the effect is even more pronounced. 

This effect is known as 'super-refrac tion'. 

If the bending downwa rd is very large throu ~hout a certain 

layer above the earth's s ur face , radar rays ~ . :i ving the antenna 

nearly horizontal in this layer may be wholl 

tr apped within the layer. They will be guic 

r par tially 

around the 

earth ' s surface as far as th e layer exists, L~ di s tances in 

excess of the ' standard ' ran ge . TI1e region within which the 
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rays are trapped is known as a 'radio duct ' . Fig. lC shows 

how a radio duct can extend considerably the coverage of a 

radar whose ante nna is situated within it . 

~!hen warm and dry air from a land mass flows over a colder 

sea, a temp erature inversion becorres established and there 

is also much evaporation into the lower layers of the air . 

Radio ducts are formed almost as soon as the air moves over 

the sea, and marked super-refraction may be the rule rather 

than the exception. Small intense ducts extending from 50 

to 100 f t. above the sea surface may result in cons ide rable 

super-ref r ac tion. These occur most frequently in sub­

tropical latitudes, but also are expe ri enced qujte often in 

t empera te latitudes, particularly in summer. 

Another weather phenomenon which tends to increase radar 

range i s ' subsidence ' . This is a gradual sinking dowm.'ard 

and spreading outward of air at high levels, which is most 

frequently found in re gions of high barometric pressure such 

as anti-cyclones or ridges . The subsiding air becomes warmer 

and drier than the air below, and a temperature invers ion is 

established as well as a large humidity lapse . This combination 

is very favourable to duct formation, and the nearly horizontal 

rays entering the inversion layer may be bent dmvnward to such 

an extent th a t: th ey are returned to the surface at very long 

ran ges (Fig . lC) . The distance from the r adar antenna to the 

nea rc s t paint at which an i ndi rec t ray re turns to th e surface 
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is known as th e ' skip distance' , and the phenomenon is 

kn m-m as a 'skip effect '. If super-refraction associated 

with a radio duct is absent, there will be a blind zone 

between the zone of reception of the dire ct r ays and th a t of 

the indi r ec t r ays . TI1is is shown in Fig . lD, and explains 

why ran ges a re sometimes detected at great distances, then 

di sapp ea r to be r e -de t ec ted at n o rmal distances . 

Dete cti on r anges are reduced when meteorological conditions 

are such that : -

a. Evaporation does not take place. When the surface 

dewpoint of th e ai r is higher than the sea surface 

t empera ture , sea fog generally will o ccur. 

b. TI1e fa ll in t empe r a ture with hei ght is very r apid. 

This is con ducive to good visibility , but may r e duce 

de t ec tion ranges. 

The effect of th ese conditions on r adar r ays which are n early 

horizontal is to cause st r aight-line propa ga t io n o r to bend 

the r ays upward , (see Fig . lE) giving r e duced detection ranges 

of targets on or near th e s urf ace . This ph e n ome n on is known 

as ' sub-refraction'. 

Small r educcions in r ada r r ange may occur in precipitation, 

fog , or sandstorms . Rainfa ll in any area betw een the Base 

and Remote units will appreciab l y reduce ran ge , especi a lly 

where the r ain is heavy. Hail h as a similar ef fect, but 

that of snow is somewhat less . 

- 15 -



B. Detection Range 

To ob t ai n a given tris ponde r range , assuming th e necess a ry 

p owe r and r eceive r sens itivity is present, th e heigh ts of 

t he Master Transponder and the Remote Transponder mus t be 

t aken into a ccount. The h e i ghts of the antennas may be 

any fe asible r a tio, but should abs true tions exist between 

the Master and Remote, either the hei ghts of the ante nnas 

must be raised or another remote station used . 

Ano th er factor affecting de tection ran ge is the Fresnel 

Zone clearance. In essence, this clearance i s that necessary 

above the grazing su rface of a flat land or ocean above an 

obstruction such as hills or mountain peaks. 

A third factor affecting de t ec ti on ran ge is ground reflections . 

These reflections can cause a very important effect on the 

r eceived wave . In t he simples t c ase , the reflec tion causes 

attenuation and phase shift a long the indirect path. When 

the wave from th e direct path and indirect path converge at 

th e r eceiving antennas , these two waves combine . If the cam-

bin a ti on of p h ase s h ift a t the reflec ting point and indirect 

0 . 
path geometyi cause a 1 80 reversal of the r eflec ted signal 

with r espect to th e direct path - a null will be expe rienced . 

Th e distance of a null from the r emote station can be ch ange d 

by altering the height of either antenna , but in these cases , 

it is often simpler to h a ve an al t ernative station to provide 

coverage in these areas . 
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All radio n avi ga tion sys t erns usin g r adar frequencies are 

affected by the above factors, but the advantages of high 

accuracy and reliability far out weigh the disadvantages. 

5. 3 Operational Factors ,'\ffecting th e Trisp.onder Sys tern 

During the survey opera tions, several problems came to light 

that were peculiar to this project. The boomer and deep-tow 

sidescan sonar were connected to a separate power supply to 

the navigation equipment , but throu gho ut the project , 

enough noise was picked up from the boomer to cause the 

navigation sys t em to be disrupted . Various remedies were 

attempted which temporarily helped but did not eliminate 

the noise problem. 

The Trisponder antenna on the survey vessel was rnoun ted on 

a separate mast and located above the interference zorie 

of the radar antenn a and as far out on the boat ' s beam as 

possible to minimise the arc that was blocked by the vessel ' s 

mast. CX;ing to the height of this mast, it was impractical 

to mount the antenna unit on the top of the mast. In any 

case, the rolling motion of the boat would adversly affec t 

the ranges a t that height. During the survey operations, the 

blocking of the trisponder antenna by the mast did restrict 

the reception of one of the remote stations from time to time. 
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In foggy weather, the radar was required for safety reasons, 

and when close inshore, the Trisponder signals tended to 

be swamped by the radar signals reflected off the cliffs, 

reducing th e effective naviga tion coverage unde r these 

conditions . 

The Trisponder antenna on the survey launch proved to be 

defective under the conditions of excessive atmospheric 

moisture. Condensation inside the antenna built up to 

the point where th e propagation of signal was blocked . 

A spare antenna was dispatched from Ottawa, but after 

drying out and field repairs, the new unit was not 

r e quired. 

5.4 The Operation of the Auto Plot System 

The Auto Plot System reads the I-second updated Trisponder 

ranges and converts these ranges into a grid position based 

on the co-ordinates of the two remote stations . With the 

rapid update of ran ges , an inst antaneous position of the 

survey vessel is obtained , and the direction of progress is 

readily seen. This sys t e rn is ideal for use where a straight 

survey line is r eq uired, rather than a track that follows a 

range arc on one of the remote stations . 
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The Auto Plot System analyses the present position of the 

survey vessel against the last recorded fix and when the 

distance since the previous fix, or the time elapsed since 

the previous fix meets the predicted parameters, a new 

fix is initiated. A fix mark is generated to mark the 

echogram and any other peripheral recorders connected to 

the sys tern. 

During the survey operations, the boomer caused an intermittant 

build up of feed back noise which created havoc with the 

trisponder ranging and initiated spurious fix marks on all 

the records. At such times, the navigation system was 

isolated from the rest of the equipment and the geophysical 

records were marked by hand. With the extra amount of work 

this created, this was a retrograde solution, but no 

operational time could be spared to find a better solution 

for this problem. 

5. 5 Conclusions 

On past projects this navigation system has worked well with 

various geophysical equipment. However, during this p roj ec t, 

the cramped conditions on the launch undoubtedly contributed 

to a high degree to the problems we experienced in the field. 

It was impossible to isolate systems from one another to prevent 

signal crossover in the cables and the close proximity of the 

boomer was a cnDstant source of electrical noise. 
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In the past projects, the layout of the equipmen t has enabled 

the sensiti ve components in the system to be isolate d and 

screene d from electrical nois e . 

'Ihis project has made it clear that on futur e projects of 

this multidisciplinary nature, the selection of the vessel 

and layout of equip ment must be given a great deal more 

though t in the planning stage to both screening an d isolation 

o f e l ec tri ca l sys t ems . 
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6 . Post Survey Compilation 

The Grand Hanan Oiannel and Head Harbour Passage Surveys were 

replotted upon return to Ottffiva, at a scale of 1/12000 using 

the corrected trisponder remote locations. (See Appendix 'B'). 

'Ille hydrography and profiles were reduced to Geodetic Datum at 

St. John, N.B., using secondary port predictions for North 

Head, Grand Nanan, and Wilson ' s Beach and Campobello Island. 

();;ing to the depths encountered on the survey line, it was 

impractical to plot the profiles at a vertical scale of 1/120 . 

After consultation with Geomarine, the profiles were plotted 

at a vertical scale of 1/240. 
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Introduction 

This Report covers ComDev Harine ' s involvement in the seismic 

and bathyme tric survey carried out in conjunction with Geomarine 

Associates at Point Lepreau , New Brunswick in October 1975, for 

the proposed intake and discharge routes for the NBEPC Nuclear 

Plant. 

During the project , the NBEPC Project Engineer, Mr . M. Mosher, 

accompanied the survey team and co-ordinated our requirements 

ashore with the NBEPC Nuclear Plant organisation. 
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Sept. 3. 

Oct . 3. 

1. Summary of Events 

Meeting with NBEPC in Fredericton re th e Poin t 

Leprcau Survey . 

- Remobi lisation of s urvey team at Point Lepreau . 

- Reconnoitred area and se l ec t ed existing control 

stations for Trisponder locations . 

- Set up Trisponder remotes around DucK Cove . 

4. - Sea conditions too rough for boat work. 

5. - Corrunenced survey operations in Duck Cove but 

hampered by presence of drilling barge and 

deterioration of sea conditions. 

6. - Sea conditions too rough fo r boat work . 

7. - NBEPC surveyors es t ablish two new stations in 

Duck Cove. 

Continued survey operations in Duck Cove. 

8. - Completed survey operations in Duck Cove . 

- Transferred Trisponder rernotes to Indian Cove 

to preselected sites. 

9. - Commenced survey operations in Indian Cove but 

work hampered by presence of drilling barge until 

late afternoon. 

Complet e d survey operations . 

10 . - Demobilisation 

11. - Returned to Halifax. 
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2. Description of Events 

A. Pre-Survey Conference 

A meeting of Geomarine and ComDev Narine personnel with 

Mr. M. t!osher of NBEPC was held in Fredericton on September 

3 , 1975 in order to finalise the requirements of the Point 

Lepreau survey. The following points were resolved . 

1. Lines to be surveyed 

A total of eight survey lines to be run , three lines in 

Indian Cove , and five lines in Duck Cove . 

Line No. N. B. Grid Co-ordinates Bea ring of Line 

1 477 650 N 1012000E s 78.00 E 

2 478 035 N 1012000E s 35 . 00 E 

3 477 510 N 1012000E s 35 . 00 E 

4 476 9 85 N 1012000E s 35.00 E 

5 4 75 800 N 1012000E s 30.00 E 

6 476 565 N 1010000E s 51 . 00 w 

7 477 335 N 1010000E s 51. 00 w 

8 476 950 N 1010000E s 51 . 00 w 

An additional nin e tie lines were required by Geomarine 

to correlate the su rvey lines to one another. 

2 . Control \fork 

Mr. Mosher agreed to provide information on the control used 

on th e previous surveys in the area, and any additional 

control wo uld be put in by NB EPC surveyors working at the 

Nuclen r site. 
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3 . Reduction of B& thvmc cric Data 

A tide gauge has been installed by MacLaren Atlantic at 

Dipper Harbour, and it was hoped to use this tidal data 

to reduce the bathymetric da t a col l ected on this project . 

(On completion of the project it was foW1d that this 

tide gauge was non-operational and t he bathymetric data 

was reduced to Geodetic datum at St . John , N.B., using 

secondary port predictions for Dipper Harbour . ) 

B. Pre-Survey Preparation 

Owing to the fact that the navigation system operates in metric 

units , it was decide d that the simples t method of carrying ou t 

the survey was to convert all N. B. grid co-ordin ates in feet into 

the metric equivalent, and base the survey on th ese values. The 

co-ordinates of the Trisponcler locations used are as follows : -

Station N. B. Grid Metric Eguivalent 

E. N. E. N. 

C-14-1 1008638. 5 7 4 7703 7 . 36 307433.036 145400.987 

C-1 5 101003 7. 86 474592 . 35 307859 . 540 144655. 748 

Line 8 1010415 . 748 4 77265 . 358 307974 . 720 145470 . 481 
(Off set station) 

C-19 1012229 . 0 71 477058.945 308527 . 421 145 407. 566 

C-19-SW 1012000. 00 476900 . 00 308L15 7. 600 145359 .120 

C-19-3 1013689 . 632 479557 . 62 7 3089 72 . 600 146169 .165 

New Point 1011663 . 28 4 76135 . 16 308354 . 968 145125 . 99 7 

x 1012109. 9 84 477836 . 17 1 308491. 123 145644 . 465 

XI 101 5JL19 . 915 479608 . 461 3094 78 . 654 146184 . 659 
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C. Survey Ope re tions 

Upon completion of the Grand Hanan Channel and Head Harbour 

Pass age cab l e route surveys , the fishing vesse l "Bonney 

Brook" and survey team remobilised at Point Lepreau on the 

morning of Jrd October. 

With the assistance of the NBEPC surveyors working at the 

Nuclear Plant, a reconnaissance was carried out of the 

available control stations along the coastline of the Point . 

It was agreed that bvo further control points b e surveyed in 

by NBEPC on the north shore of Duck Cove in orde r to provide 

bette r naviga tion coverage in the survey area . 

During the re~ainde r of that day, the Trisponder remotes were 

set up on selected control stations around Duck Cove. 

The folla.;in g morning the launch left Dipper Harbour for Duck 

Cove but found the sea conditions too rough in the cove ' to 

carry out any survey work in the vicinity of the submerged rock 

outcrops . 

On Sth October, survey operations in Duck Cove were commenced, 

but the arriva l of th e drilling barge in the middle of the survey 

area restric t e d the amount of work we were able to achieve . However, 

later that day , the sea conditions deteriorated and stopped work 

for the day. These conditions prevailed well into the following 

day also. 
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On 7th October the survey proceeded using the existing control 

stations while the NBEPC surveyors put in the two additional 

control sta tions that were required. The Trisponder remotes 

were then transfe rred to these new stations in preparation for 

the following day . 

The survey in Duck Cove was completed by noon on 8th October 

and the Trisponder remotes were then transferred across to 

Indian Cove . 

On 9th October, while the launch proceeded to Indian Cove, 

ComDe v 1-larine p e r sonnel contacted the NBEPC surveyors for the 

co-ordinates of an additional station that we were required to 

use on the west side of the Point. By the time the launch had 

arrived at Indian Cove , the drilling barge had again stationed 

itself in the middle of the survey area and hampered progress 

on the survey for most of the day. However, in the late after­

noon, the barge returne d to Dipper Harbour and enabled the 

r emainder of the survey to be completed that eveni n g . 

TI1e followin g day the equipment was demobilised and the l aunch 

returned to Grand Hanan . 
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3. Equipment and Personnel 

The following personnel were deployed by ComDev Marine in 

the operations: -

E . J. Lancaster-Williams 

W.E. Latter 

Hydrographic Surveyor 

Electronic Technician 

The following navigation and hydrographic equipment was 

supplied by ComDev Marine: -

1 Elac Echosounder and accessories 

1 ComDev Trisponder System and accessories 

1 Spare Remote 

1 .CA-1000 Tellurometer 

1 Auto Plot System 

1 Set Spares, Tools and Test Equipment 
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4 . Pos t-Survey Compilation 

The Point Lepreau surveys were r eplotte d upon return to 

Ottawa at a scale of 1/2400. This scale was agreed upon 

by Geomarine in consultation with NBEPC as being the 

largest scale consistant with the accur acy of interpolation 

of data from the echosounder and geophysical records . 

The hydro graphy and profiles were reduced to Geodetic datum 

at St . John , N. B., using secondary port predictions for Dipper 

Harbour . 

The profiles were plotted at a vertical scale of 1/120. 
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Introduction 

Owing to the necessity to commence and complete the cable 

crossing surveys before the deterioration of 92a and weather conditions 

tow ards the end of the survey season , there was insufficient time 

to carry out the necessary control work prior to the mobilisation 

of the survey in the field. Time permitted only a brief reconnaissance 

t o be made of the area to determine likely locations for the Tris- ­

ponder remote stations. 

These locations were chosen to give good coverage in the survey 

areas, and were on known control stations wherever possible. Existing 

contro l s t ations in the survey area originates from six different 

agencies, and the co-ordinate values of these stations are not 

necessarily correlated with the values of neighbouring stations. 

During the survey , discrepancies were not ed between the 

positions of the survey vessel when usi n g different combinations of 

Trisponder remote stations i ndicating in this case, errors in the 

co-ordinate values used. 

On completion of the ma rine work it was therefore imperative 

that a programme of horizontal control observations should be 

carried out in order to tie the trisponder locations together in 

a single self checking network. 
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Section l. 

1ne E:<isting llorizontal Control 

The existing horizonta l control in the area originates from 

six different agencies: 

1) Geodetic Survey of Canada (G.S.C.) 

2) Canadian Hydrographic Service (C . H. S.) 

3) Topo graphi c Survey (TOPO . ) 

4) New Brunswick Provincial Survey (N.B.P . S . ) 

5) Internat iona l Boundary Commission (I . B. C. ) 

6) New Brunswick Electric Power Commission (N.B.E . P.C.) 

'Ihese agencies .each establish control stations to suit their 

individual needs, and the majority of stations were not suitable for 

the r equi rements of this survey. During the reconn aissance, previously 

selected stations proved to be unsuitable or irrecoverab le. 

It was hop ed during the initial planning stage for this . survey · 
,r ' 

to make full use of previously co-ordinated lighthouse structures for 

the majority of the trisponder locations with a commanding view over the 

survey area, and with a readily available power supply at most structures 

to keep the batteries charged. However, the Q-lS had not been recently 

in the area and only approximate positions were available from government 

agencies. 

A revised selection of trisponder locations was made, making use 

of the control stations available, and establishing new stations where 

required . The following stations were used durin g the survey: -
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LMg Eddy Lt . l!o . Cr.1nd Manan Co-o rdin a tcs from NP.HC 

Wolves 18107 s. Wolf Island II II GSC 

\..'hi tehorse Whitehorse Is. II " GSC 

Head Harbour Lt. Campobello Island " " GSC 
1812 7 

16 781 Campobello Island II " NBPS 

16 755 " " " II 

16 761 II " " " 

16 765 " " " " 

Notice Board II New Station 

Leanordvi lle Lt . Deer Island New Station 

Choe (1110) " Co-ordinates from CHS 

Deer Island Pt . Lt . II New Station 

The following stations were reconnoitred but not used . 

Station Source Remarks 

Campobello 

E . Campobe llo 18109 GSC Inaccessible to vehicular 
transpo rt. 

Han CHS Not found . 

Head Harbour Lt . 18127 GSC Wrongly positioned . 

Frians Head IBC Not found. 

0...ren CHS Not found. 

H. CampobelJo 18111 GSC Found , but blocked by trees . 

1700 NBEPC Not found . 

Campobello IBC Found , but not of use . 

16 7 82 NBEPC Destroyed . 

Grand Ha nan 

Indi a n 1131 Cl!S Destroyed . 

Post 48 D3 rk JI a rbour Topo Destroyed. 

Grand Manan IBC Not found . 

Ash 1118 CHS ,Not foun d . 

Bishop 1119 CHS Not fo und . 

Grand Hanan 09101 GSC Found, but blocke d by trees • 
.. 
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Section 2. 

Methodolog:y 

It was planned to base the observed network of horizontal control 

on a series of interlinked geometrical figures that would be self­

checking for gross errors . A base line between two GSC first order 

control stations, Wolves and Whitehorse , was established. Upon the 

accuracy of these positions depended the scaling and orientation of 

the network. The hraced quadrilateral taking in stations Whitehorse , 

Holves, Long Eddy and Head Harbour Lt. Ho . provided a mathematically 

rigorous method to tie Long Eddy into th e network, without incurring 

an app r eciable depreciation in accuracy over the long distances . The 

western end of the network tied into three known stations, Choe , 16781 , 

and 16755, to give comparison between this present work and past work 

by other agencies . 

Angular measurements were taken at each of the trisp onde r locations 

to prominent station marks erected at the unmarked stations, using a 

1 second theodolite . At most of these loca tions, a false station had 

to be established, and considerable care was taken in order that little 

error was introduced by such an offset . All theodolite observations 

were carried out using the methods and techniques accepted by the 

Geodetic Survey of Canada to achieve a t l east third order accur acy of 

work or better . 

The base line distance was measured by tellurometer to confirm the 

base line length, and several other key distances were measured also , 

to provide a check on the final calculated distances . 
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In the past, th e s t3 tions used tlw t had been established by 

the different agencies, were probably not t:icd into an all embracing 

ne G.•ork . For this reason, it was decided to use the co-ordinate 

values of this present work for the survey , rather th an the existing 

values . It can be seen in Section 5 that the difference in the values 

will not affect the plotting of the work . During this control work , 

access to the offshore islands and transportation between Deer Island 

and Campob e llo was achieved by the use of local fishing boats. 

The control work was progressed with the minimum of down time 

possible, but 312 days down time was experienced due to bad weather 

or unfavourab l e visibility conditions . 
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Section 3 

Equip~ent And Personnel 

The additional control observations were carried out by the following 

personnel:-

E. J. Lancnster-Williams - Surveyor in charge 

M. Lambert - Assistant 

The following equipment was used : -

1 Kern DKM 2-A and tripod 

l CAlOOO Tellurometers and tripods 

1 Hire car 

6 Station Markers 
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Section 4 

Chronol ogv 

15 October 

1200 Personnel arrived St . John ' s airport. 

p . m. Moved into 4Sth Paral lel Motel , Deer Isl a nd . 

16 October 

Low visibility , thunder and rain all day . 

Arranged h ire of l oca l fishing boat . 

17 October 

Erected survey marker a t Choe. 

Comp l eted observations at Wolves a nd Whitehorse . 

M. Lambert l anded a t Wilsons Beac h , Campobello . 

18 October 

Low visibility and r a in a ll day . 

19 Octob er 

Completed observations a t Choe and Leo nardvi l le on Deer Island . 

20 October 

a . m. E. J . L. Williams transferred to Carnpobello . 

Completed observa tions at Notice Board. 

p.m . Low visibility and r ain all afternoon . 

- 7 -



21 Octobe r 

Strong winds and haze prevent productive work . 

, . 
22 Octob er 

a .m. Compl e ted observa tions at Head Harbour Lt . 

p.m . E. J . L. Williams tr a nsferr ed to Grand Manan . 

Haze and oncoming dusk prev ent observations at Long Eddy . 

23 Oc tober 

a .m. Compl eted observa tions a t Long Eddy . 

p .m. Returned t o St . John ' s Airport and returned· to Ottawa . 
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Section 5 

Summary of Observations and Adjustment 

Description of Stations Co-ordinated 

h'OLVES 

Bronze tablet No . 18107 established by GSC , situa t ed 145 . 88 ft . 

SW of South Wolf Island Light House . 

WHITEHORSE 

Bronze tablet No . 18106 established by GSC , situated on the 

summit of Whitehorse Island . 

HEAD HARBOUR LT. HO. 

Centre of Light . 

LOG EDDY LT . HO . 

Centre of Ligh t . 

LEONARDVILLE LT. HO. 

Centre of Light . 

CHOC 

Bronze tablet No . 1110 established by CHS , situated on a 

summit just north of Chocolate Cove . 
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DEER ISLAND PT. lT. 

Centre of Ligh t. 

STATION 16781 

Bronze tablet No. 16781 es t ablished by New Brunswick Provincial 

Survey, situa t ed on the summit of a small hill behind 

Wilsons Beach Church. 

NOTICE BOARD 

The SW support of a NBEPC Notice Board warning of Submarine 

Cables . 
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CONDITION EQUATIONS USED FOR LEAST SQUARES ADJUSTMENT 

A) ( ll1) +(2 2) -(18 ) -(17) 0 

B) (15) +(16) -( 20) -(19) -(21) 0 

C) (14) +(15) +(16) +(17) +(18) +(19) +(20) +(21) +(22) - 360 0 

D) (8) +(13) +(14) + (19) -180 = 0 

E) (7) +(12) -(11) -(3) 0 

F) (6) +(7) +(12) -(10) -(2) -(3) 0 

G) (5) +(6) +(7) +(12) - (1) -(2) -(3) -(9) 0 

H) (5) +(6) +(11) -(1) -(2) -(9) 0 

I) (6) +(11) -( 2 ) -(10) 0 

J) (5) +(10) -(1) -(9) 0 

L) ( 4) +(1 2) +(13 ) +( 23 ) -180 = 0 

K) Sin (14) Sin (21) Sin(18) Sin(16)/Sin(15) Sin(17) Sin (20) 

< 

Sin( 22) = 1 
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Summa ry of Observ ed Angles, Corrected for False Station , & (t-T) 

Angle Cor r . Obs erv ed Least Squares 
Ko. Angle Correction Final Adjusted Ang les 

1 30 43 44.1 +0 . 6001 30 43 44.7001 

2 31 S4 28 . 4 +2.900S 31 S4 31.300S 

3 11 Sl SO. L1 -1.0981 11 Sl 49 . 3019 

4 20 S8 43 . S -0 . 3927 20 S8 43.1073 

s 1L1 44 33 . S - 1. 2003 14 44 32.2997 

6 26 13 22 .S -2.900S 26 13 19 . S99S 

7 27 43 47 . 4 +1.0981 27 43 48.4981 

8 3 26 14.6 +0.472 7 03 26 lS.0727 

9 20 07 33.0 +0.6001 20 07 33.6001 

10 36 06 43 . 1 +2.900S 36 06 46.000S 

11 41 48 01. 7 - 3.998S 41 47 S7.701S 

12 2S SS S7 . 8 +O. 7 OS3 2S SS S8 .SOS3 

13 105 39 55.2 +0 . 0801 105 39 55.2801 

14 69 44 12.7 -2.12S6 69 44 10 . S744 

15 S2 36 28 . 9 -0 . 4674 S2 36 28.4326 

16 9 29 37.3 -1. 0103 09 29 36 . 2897 

17 32 32 01.8 -0.S948 32 32 01. 20S2 

18 8S 21 S4.8 -0.727S 8S 21 S4.072S 

19 1 09 38 . 6 +0 . 4728 01 09 39 .07 28 

20 19 14 28.S -2.S302 19 14 2S . 9698 
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Summa ry of Observed J\n8les , Corrected for False Station, & (t-T) Cont'd 

Angle Corr. Observed Least Squares 
No . J\ngl e Correction Final Adjusted J\ngles 

21 42 Sl 41. 6 -2.847S 42 Sl 38.7S2S 

22 48 09 47.2 -2 . 4967 48 09 44.7033 

23 27 2S 23.S * -0 . 3927 27 2S 23.1073 

24 26 so 38.2 ------- 26 so 38.2 

2S lS 2S 36.S ------- lS 2S 36.S 

* Calculated 
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Summ3ry of Calculated Co-ordinates 

STATION TRIAL CO-ORDINATES FINAL CO-ORDINATES 

WOLVES 18107 4 , 978,193 . 68N 678 , 738 .18E 4,978,193.68N 

WHITEHORSE 18106 4 , 984 , 032 . 88 667 , 710.09 4 , 984 ,032.88 

LONG EDDY LT . 4 , 962 , 867 . 0 675,338.2 4,962,833.41 

HEAD HARBOUR LT. 4 , 980,233.8 665,610.7 4, 980,196. 22 

LEONARDVILLE LT. (4,981,220.0 661,230.0) 4,981 , 226 . 82 

CH OC 4 , 978 , 958 . 09 660 . 089 .12 4,978,958.99 

NOTICE BOARD ( 4 ' 97 9' 060 . 0 663 , 790 .0) 4,979,011.04 

167 81 4 ' 977 '277 . 4 7 662 , 876 .30 4, 977 , 278 .22 

16755 4,975, 282 . 96 662 , 057.29 4 ,97 5,285 . 53 

DEER ISLA.}.1D PT . LT. 4' 97 6 ' 4 07 . 2 659,002 .0 4,976,414.50 

167 61 4,974,006.45 661,230.48 

16765 4,971,494.13 661 , 550 . 65 

Owing ·to Trisponder Stations being offset from the calculated 

positions lislcJ above , the co - ordinates of the tri sponder 

stations are ns follows. 

TR ISPOJ\1DER SITE 

WOLVES 

WHITEHOR SE 

LONG EDDY 

HEAD llJ\RBOUR LT. 

NORTHJi\!GS 

4,978,193.68 

4,984,032.88 

4,962,834.52 

4,980,200.45 
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EA STINGS 

678 , 738 .1 8 

667 ,710. 09 

675 ,10 6. 42 

665,582.31 

678 ,73 8 .18E 

667, 710. 09 

675,108.60 

66 5,5 90 .07 

661,216.13 

660,088.63 

663,766.13 

662,875.11 

662,056.10 

658,994.29 



Cont' d 

TRI SPOl\"DER SITE 

LEONARDVILLE LT . 

CHOC 

NOT ICE BOARD 

16781 

DEER ISLA :D PT . 

Summary of Measured Di stances 

DISTANCE 

WOLVES-WHITEH ORSE 

CHOC-NOTICE BOARD 

LEONARDVILLE-HEAD HARBOUR LT . 

LONG EDDY LT-HL;D 11.-\RBOUR LT . 

WHITEHOR SE-HEAD HARBOUR LT . 

DEER PT-16765 

DEER PT-16761 

NORT!IINGS 

4 ,981 , 226 . 35 

4,978,959.48 

4 , 97 9, Oll. 04 

4, 977, 27 8 . 4 9 

4 , 976,413 . 87 

CORRECT 0!3S . 
GRID DIST . 

12 , 478 . 125 

3,678 . 634 

4,492.669 

19,802 . 778 

4,383 . 412 

5,544 . 590 

3,286 . 316 
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EA STINGS 

661 , 217 . 52 

660 , 088 . 44 

66 3 ,7 66 . 13 

662,875 . 26 

658,992.57 

CALC. GRID 
DISTANCE 

12 , 478 . 583 

3, 677 . 868 

4,493.716 

19 , 800 .7 47 

4 , 383 . 428 

5,544 . 819 

3,28 6.221 



Section 6 

Conclu sions 

The l east squares adj ustm ent of the horizontal Control network 

applied corrections to the observed angles to make th e network 

geometrically correct . The measured dist a nces give a n indica t ion 

of th e accuracy of the adjusted network . Howev er, these distanc es 

were measured soley to provide a check , and are "conrse " readin gs . 

To bring the distance meas urem ent into the s ame order of accuracy 

as the angular r.ieasurernents , a n average of ma ny " fine" readings 

would have t o be taken, and th en a least squares adjustment by 

varia tion of co-ordinat es would have been appl i ed . 

The accuracy of th e final co-ordinate values may be approximately 

ascertain ed by the analysis of the worst ca se . 

The longest observed lin e is lfuitehorse to Long Eddy , being 22453 m. l ong . 

The larges t error in the braced quadrilateral is 2 . 85 see s of arc . 

Applying s uch an offset over tha t dista nce gives a s ubt ended distance 

at Long Ed dy of 0 . 31 m. It is therefore probable tha t the co- ordinates 

have an accuracy better than 1 metre . 

- 16 -
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Attention is therefore drawn · to the differences of co-ordina t es 

of th e following stations to those published :-

L Head Harbour Lt. House 

Pub lished GSC values 

Calcula t ed values 

Differ ences 

Distance Difference 

2 . Long Eddy Lt . House 

Puhlished NBEPC values 

Calculated values 

Differences 

Distance Difference 

4,980,233.8N 

4,980 ,196 . 22N 

37.58 

4,962,867.0N 

4,962,833.41N 

33.59 

66 5,610.7E 

665,590 .07E 

20 . 63 

42.87m . 

675,338 . 2E 

675 ,108 .60E 

229.60 

232 .04m . 

It was these errors that r esult ed in the requirement of additional 

Hori zon t a l Control in the survey area . 
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