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This is the seventh edition .of the CHA "LIGHTHOUSE" 
and we, the Editors, sincerely believe that each new 
edition is improved over the past. This ha's been possible 
because of the many contributions from all Branches 
:and the hard-sell efforts of a few individuals with 
special credit due to Mr. G. Macdonald. The "LIGHTHOUSE" 
is the official publication of the Canadian Hydrographers' 
Association and as the association grows we hope the 
Lighthouse will also grow to reflect the Hydrographic 
and Offshore surveying interests for all of Canada. 

The "LIGHTHOUSE" can only grow in direct 
proportion to the interest expressed by all members. 
Your articles and comments on the "LIGHTHOUSE" are 
sincerely invited. 

While most articles in this issue are of a 
technical nature, we invite any interesting articles 
of any length, which are in any way related to 
Hydrography or Offshore surveying. 

Please send your technical articles, humorous 
anecdotes, short stories, letters, rumors, complaints 
or any other bits of information to: 

The Editor 
Canadian Hydrographers Association 
Marine Sciences 
P.O. Box 5050 
BURLINGTON, Ontario 

The Association appreciates the support and 
encouragement of the Canadian Hydrographic Service, 
without which this publication would flounder. 





LETTER TO THE EDI~OR 

Dear George, 

Burlington, Ont~, 
April l97L 

In reference to the article in the April, 1971 
edition o£ the CHA Lighthouse by Mr. A~D. O'Connor, concerning 
the MRB-2 operation on the "William J. Stewart", I would like 
to make some comments. 

The writer of that article mentions that he realizes that 
statistics can prove anything etc. If that is the case then 
he should have indicated why, for instance, on June 8 th only 
6.6 miles were sounded with MRB-2 and 49 miles with sextant. 
What problem did arise during that day and any other days 
where the daily mileage obtained with the hydrodist is con­
siderably less than that obtained with the sextant method' The 
writer also indicates that 2 hydrographers were used for the 
sextant method and 3 for the hydrodist mode. However this is 
a deceiving statement. What was the total complement of man­
power used in each case? In Central Region we use only one 
hydrographer for a hydrodist operation. However, the total 
complement varies from 3 to 4. We use 1 remote operator (a 
student assistant), 1 hydrographer on the launch with a cox­
wain and 1 seaman to operate the sounder. When the digitizer 
is used the seaman is no longer necessary. 

Fr~experience in Central Region it has been shown that the 
average daily mileage can be between 20 and 30 miles as 
proven in 1969 on the Batiscan/Lake of Two Mountains Survey. 
(Sextant work never reached this.) This amount of daily 
sounding took no more than 5 minutes to ink on the boatboard 
at the end of the day and another 5 minutes to space the work. 
A lattice was used that showed the distance circles at every 
50 metres at a scale of 1:10,000 and also showed the radii 
of each and every degree. 

During 6 months of almost continuous use there were no 
equipment failures caused by the hydrod ist units themselves. 

The writer of the above-mentioned article states "inability 
to receive a trackable signal for no apparent reason'' and 
subsequent equipment checking revealed no apparent faults. 
I suggest to him that one should not attempt to work with 
hydrodist on days when the water surface approaches the 
characteristics of a mirror. Multiple reflections will occur 
in this situation and cause multiple circles on the CRT, 
making it 'impossible to to trace the "blip". This becomes 
worse when the dipoles have little elevation. 

ctoooooCOnt. 



Several of Central Regions set-ups had the remote station 
no more than a few feet above High Water and the launches 
sounded as far as 7300 metres away from it, while still re­
ceiving a good signal. 

Our "shore crew,, (one man) always takes his lunch with him 
and no arrangements have to be made for him. We too had 
problems at times getting him ashore because of waves and/or 
tides. I agree that a fair amount of time is lost by this but 
we made up by being able to come back with more sounding done 
(more accurately) and no splitter s to be run afterwdrds, 
using hydrodist during a shortened work i n g day as compared 
with sextant sounding with a full day available. 

I fail to see why hydrodist is not flexible as compared to 
sextant sounding. If landing is not possible I would assume 
that the seas are too rough. I wonder how accurate sextant 
sounding in this type of weather would be. Sextant fixing is 
also rather inflexible. What happens when no accurate fixes 
can be obtained? One would have to establish additional 
sounding marks to eliminate this and considerable time is lost 
doing this. 

As far as Mr. O'Connor's comments on elevations are concerned 
I suggest that only a short but sturdy tower will increase 
the range of the MRB-2 considerably. For instance, if the 
elevation of the boat "dipole" is 12 feet (average in Central 
Region) and the shore ,'dipole" is increased from 5 to 10 feet, 
then the line of sight distance will be increased by 1 nautical 
mile. 

In Central Region we also use Motorola PT 300 radios and, 
although they are found to be inferior for general use, they 
were quite good for use with hydrodist. One was always within 
line of sight range of both the MRB-2 and the Motorolas because 
th~ Motorola aerials-were mounted on top of the masts that 
support the dipoles. Special "star-antennas" made by our 
electronics section to improve reception were mounted under­
neath the Motorala "whip". 

In Central Region it has been recommended to use headphones 
with the Motorolas to increase the operator's perception of the 
transmissions, when the loud noise of the boat engines inter­
fere. 

This brings to mind another comment concerning radio com­
munications. What does this have to do with hydrodist? Granted 
it is very essential to its operation, but it has nothing to 
do with the internal operation of the set. If the radios are 
no good, why continue to use them? Having the trucking company 

•••• cont. 



on the same frequency i~ no fault of the MRB-2. 

The fact that the batteries ran d6wn is certainly not an 
"unexplained failure" of the MRB-2 (if it is checked and nothing 
found wrong), but simply poor charging. Our batteries have 
enough "juice" left at the end of the day to be used again 
the next day. However, it is bad policy t o let the batteries 
run down too much and we charge them every night. Usually 
towards the end of the season these batteries had to be 
replaced. If the same batteries were u s e d eve ry day they 
would not last more than five to six h ou rs. 

I am surprised that Mr. O'Connor d i d not mention visibility. 
I know that fog is as common on the wes t c oast as ha ze is in 
Central Region. This makes hydrodist a s limited as sextant 
work. However, range can be improved by mounting flash ing 
amber lights on the launches, which will show up really 
in haze and light fog, and increases t h e value of hydrodist 
as compared to sextants. Inc i dentally, Central Region d id not 
mount these lights for that reason. While using the lights 
as a warning (caution) symbol to other traf f ic their benefit 
to hydrod~st was discovered. 

For full fledged information on any methods I recommend 
the reports by Messrs. P. Dal Bianco (1 969, Lower St. 
Lawrence River) and J.I. Robichau d (19 68-69 Batiscan/St. 
Lawrence River). 

In conclusion, although Central Region s u rveys have been 
planned and executed around hydrodist, I a g ree that it is 
not a major tool and is used mainly i n selected s i tuations. 
However, is not every method o f po s i t ion ing l i mi ted to ots 
particular application? The reason t h ere is such a variety 
of positioning systems is to ma k e sure that i n any given 
situation the best system would be avai lable. 

G.H. GOLDSTEEN 

Editors Note: "This might get some t hing g oing." 
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EVALUATION OF THE 1'-LEIN JI.SSOCIJI.TES 

SIDE SCAN SONAR 

BY 

G.E. RICHARDSON 

In the leadline days a thorough search of the 
seabed was impossible. Nowadays even with the continuous 
profile given by a vertical echo sounder a thorough search 
is still very difficult. 

An economical and expedient method of obtaining 
100% bottom coverage would now be welcomed and may soon be 
a necessity in most hydrographic surveys. 

This report describes some of the tests with the 
Klein Associates Side-scan Sonar carried·out during June and 
July, 1970. 

This is just one more episode in a continuing search 
for an instrument that will let us clearly "read between 
the lines". 
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DESCRIPTION OF EQUIPMENT 

The Side Scan Sonar Technigue 

A side scan sonar utilizes a towed underwater fish 
which sends out short high-frequency, high-intensity sound 
bursts. The sound is beamed to either side of the towed 
fish in a direction perpendi cular to the direction of travel. 
The sound beams are narrow i n the horizonta l pl ane and wide 
in the vertical plane. 

On the ship a graphic recorder sends out trigger 
pulses to the undenvater transducers. The~•e transducers then 
emit the sound pulses. When echoes are r ecei ve d from targets 
on the ocean floor, they are converted to electrical signals 
which are processed and sent up the tow cable. They are then 
further processed into a form suitable for the graphic 
recording mechanism. TI1e shipboard recorder simultaneously 
makes a permanent strip-chart recording of both channels of 
incoming information. The recorder scales are calibrated 
so that distance to a target can be accurately determined. 

The Basic System 

The Klein Associates Model MK-300 Side Scan Sonar 
consists of the Model MK-300A Re corder and the Model HK-300B 
Towfish ~lus an inter-connecting tow cable and a power 
~nput cable. The towfish contains liriear arrays of 
piezoelectric crystals which are used both as transmitters 
and receivers. Self-contained inside each transducer is a 
transducer driver~ a preamplifier and a buffer amplifier 
which drives the towing cable. Power for the transducer driver 
and the amplifiers as well as a trigger signal is sent down 
the .cable from the shipboard recorder. 

'rhe recorder ta.kes t h e incoming DC power and converts 
it to the various voltages needed for electronic circuits. 
The recorder contains trigger circuits, time-variable-gain 
circuits and controls, p ower controls, range and paper speed 
circuits and controls. The dual-channel graphic recording 
mechanism, as well as all electronics, is self-contained in 
the recorder and towfish packages. 

The towfish is normally towed by the cable supplied. 
This cable is water-blocked and contains a special woven 
dacron strength member. It has a rugged, abrasion resistant 
polyurethane jacket. 

The towfish is towed either off the stern, either side, 
or off a boom anywhere on the ship. Tov-ling depth used , ... ,.i 11 
depend on the type of terrain and the mission involved. The 
fish has adjustable diving. planes which can be tilted to create 
a downward force as the fish is pulled through the water. 
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System Specifications 

KLEIN ASSOCIATES 

Model MK300 Side Scan Sonar 

Tentative Specifications 

Operating Frerruency •••••••••••••••••••••••• 50 Kilohertz 

Pulse Duration~~···························O.l milliseconds 

Horizontal Bearnwidth ••••••••••••••••••••• .; . two ( 2) degrees 

Vertical Bearnwidth ••••••••••••••••••••••••• twenty (20} degrees 
(tilted down 10 degrees 
from the vertical) 

Input Voltage •••••••••• ~ ••••••••••••••••••• 23 to 30 volts 
direct current 

Input Power ••••••••••• •• •••••• •••• • •••••••• l50 watts 

Range Scales ••••••••••••••••••••••••••••••• lOO meters, 200 meters 
and 4 00 meters 

Paper Speeds •••••••• .; •••••••••••••••••••••• Continuously variable 

Paper Width •••••••••••••••••••••••••••••••• l9 inches (48 ern) 

Printing Width (each channel) •••••••••••••• 8 inches (20 ern) 
approximately 

Size ••••••••••••••••••••••••••••• Shipboard unit 8!;~" high (21.59 ern) 
31" wide (78.74 ern) 
19~" deep (48.90 ern) 

Towed unit <18 11 long (91 . 44 ern) 
High 14" (25 '.40 ern) 
Wide 13 11 

Weight •••••••••••••••• ••••••••••• Shipboard unit 100 lbs. (45.4 kg) 
Towed unit variable, according to 

tow depth 

Scale Lines ••••••••••••••••••••••••.••••••• every 20 meters 

Tow Cable Diarneter •.••••••••••••••••••••••• 0.375 inches (0.95. ern) 

Standard Cable Length •.•••••••••••••••••••• lOO meters (longer 
leng ths available on 
specia l order) 

Specifications are subject to change without notice. 
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Description of Tests 

A standard 27 foot wooden hull launch , the "Owl", 
with a top speed of about 7 knots and a 25 foot Bertram with 
top speed of about 18 knots were used for the tests. To 
avoid kinking and sharp bends the towfish cable was snubbed 
around a short piece of 10 i nch diameter pipe fixed upright 
at the stern of each launch . 

The Bertram launch was equipped with mini-fix and 
this launch and positioning system was used for the first 
week of tests. The "Owl", equipped with a Hotorola lU?S 
positioning system was used for the remainder of tlle time. 

The Klein side scan sonar was leased for a period of 
one month commencing .June 23, 1970. A representative of 
Klein Associates accompanied the gear for the first four days 
primarily to give ins true tion · in the use of the equipment. 

First tests were conducted in the · shallow v.rater of 
Victoria Harbour. (See figure 3 for location of test areas.) 
Good targets (a breakvlater, concrete u h arves, pilings, etc.) 
at short range. gave promising resolution. (See figure 2. ) 

Two weeks of testing around Coghlan Rocks and in the 
Brodie Rock to Lee Rock area failed to produce conclusive 
results. These areas are shoals of 20 feet or l e ss and 
consequently aboul}.d with kelp and other marine grmvth. This 
probably caused some attenuation of the returning signal. 
However, several electronic failures although repaired were 
felt to have affected tlae strength of the transmitted signal. 

On July 6, Mr. M. Klein, the builder of the equipment 
visited us and did some fine tuning to the transducer and made 
minor modification to the transmitter and receiver components. 
Subsequent trials around Brodie Rock showed some improvement 
in resolution but the range still was under 300 m. 

The last tests on July 10 were in conjuncti on with 
a shoal exam of an 8 fm patch out in the deep water of Haro Strait. 

It was on these tests that for the first time I was 
able to achieve a proper balance of tuning on all the controls. 
A series of lines 200 meters apart with the sonar set to 
scan 200 m. each way were run, covering the shoal out to the 
50 fm. line. lUso for the first time shadowinc:; (absence of any 
signal return} was quite evident. Shoal areas and ~reas of 
changing topography were easily identified. 
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The area was fairly deep a nd there was probably very 
little weed growth. This, I think, was a factor in the 
clarity of the signal but finally ach ieving the correct 
tuning was as big a factor. 

No changes were made to the factory setting of 
weight or dive fins on the transducer fish~ Be tween 4-5 knots 
was found to be the best tow speed. With 20m. of cable out 
the fish would travel at about 8 m. deep. 

CONCLUSIONS - POTEN'l'IJ.l.L 

Side Scan Sonar would seem to offer great potential 
for describing the ocean floor but there are several reasons 
why it has not been more widely used. 

(1) The sound energy can return as multiple echoes 
from the bottom or the water surface as well 
as returns from, interfaces, schools of fish, 
or bubbles within the wate r itself. 

(2) The absence of returnin<;, signal can have 
several interpretations (shadow behind a strong 
target, smooth mud bottom, bottom falling 
sharply away) • 

( 3) Distorted graphic records. Laterally the graph 
can be set to one of seve ral fixe d scales, 
along the track t he scale wil l vary Hi t h the 
speed of the launch and the s p e ed of t he p aper. 

(4) The lateral range of the equipment tested is 
400 meters and does not seem to e xcee d 800 m. 
in any other commercial e q u ipme nt. 

(5) The transducer mu s t be towed, and preferably 
within 50 m. of the bottom. 

The first three of the previous items can p roduce a 
very confused graphic display but it is not beyond interpretation 
of a well-trained and experienced operator. (See figure 1 ~ ~ 

The limited lateral range is a problem in deep ocean 
areas where we want to so further, quicJ,e r. It ':·Till not be a 
hindrance in harbours or inlets l ess t l:a n a mi ~- c Hi de . 
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Al t h ough towing can be troublesome and costly (if 
you lose the fish) one g reat advantage of a towed body is 
that t he direction o f travel of the b ody is determined by 
the water flocv· p ast ·the r>ody. r;here f ore , t Lc crab ing motion 
of the vessel in wind and current or ~,e nosenta ry course 
corrections necessary f or line keepins are in seneral not 
transferrecl to t he b ody. 

Several uses were envisaaed fo r side s can son a r 
prior to t he tests: 

(1) As a sweep giving 100~ b ottom coverage betwee n 
lines of soundiny, i n sllippin~ chann c: ls , 
harbours, C.rcd<;ed areas , e t c . - thi r; is r~ui te 
feasible if con~ucted at e.e same spec~ as a 
normal wire sweep and with about 25~ - 30; 
overlap. The linits o f a d re dged c l-i annel could 
be easily identified bu t it would take a very 
experienced op era tor to say \-Ji th any certainty 
that there was nothing shoaler be tween the lines. 

(2) Detection of wrecks and deadheads: - The location 
of wrecks should be relatively routine particularly 
more recent ones which have not h ad time to 
break up or silt over. 
The location of deadheads will be more diffd.c:::ult. 
On the 400 m. scale the transducer puts out just 
under 2 pulses per second. At 5 knots any 
specific point 150 meters or less away will 
return less than 3 pulses. Hi th the paper 
speed at 100 lines to the inch this probably 
won't be detectable. By setting t he range at 
100 m. which has 7.5 pulses per second, then 
using a slower and more detailed search pattern 
most deadheads should show up. This would be 
the same as the s ~ve ep mentioned i n Item 1. 

(3) Shoals reported by navigators or existence 
doubtful shoals s hown on c urrent charts: -
Considerable time is spen t e very year looking for 
t hese generally non-existant shoals, usually 
concluded \'lith a wi re sweep covering a large 
area. These shoals as reported are generally 
isolated peaks surrounded by deep wate r. Under 
these conditions Side Scan Sonar produces a 
relatively clear picture and this may be the 
biggest single use for this equipment. Hith 
the range set to maximum, a f airly large area 
(about 8 square m~les) can be covered in one 
da1. Anomalies only can be investigated in 
detail rather ·than the v:hole search area. 
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{ 4) !The normal spacinq of s ounding lines may be 
1
spread ou t in deeper generally featureless 
!areas: Hi th the high s~)eeC. sounding launches 
about 3 times more linear distance can be 
covered than with the Side Sonar launch, in any 
given period. Spacin~ more than every third 
line may not g ive enOUIJh C.etail for contouring. 
Therefore, this may not be any advantage until 
we can go much faster with a towe d transducer. 

(5) Identify bottom composition: - The trained 
observer \'lOUld be able to idEm ti fy rock, mud, 
or sand, however, coral, grave l and particl~ 
size would be very diffi cult and colour would 
be impossible. This use is t he re fore limited. 

Several theoretical uses have come to mind ~vltile 
doing the research for this report. 

A Side Scan Sonar reconnaissance of an unch arted 
area could be used to get a ~eneral picture of the area for 
planning purpqses. Using only a radar anc the coastline for 
control one trip up and back \vould provide two ve rtical 
profiles plus bottom coverage of up to 1600 m. (5250 feet) 
wide. In many inlets t his would be mmplete covera<;e . 
Scales, line spacing, etc. and perhaps e ven t he priority o f 
the survey co~ld . than be pl-anned wi th raore certainty. 

In rivers where the safe channel may change from 
year to year, ; a survey must be done quickly and the information 
passed to the mariner as soon as possible. Once reasonably 
good control has been established perhaps one pass (naybe 
two) with the Side Scan Sonar could delineate this channel. 
A chart could be quickly produced showing just the line of 
track sounding plus the estimated limits of U1e safe c h annel. 
Considerable time is saved by placing the emphasis on where 
the hazards "aren't 11 rather than where they are. 

Plotting as you go on a previously prepared base 
sheet, showing shoreline, control, ranges, etc., data could 
be rettirned to H.Q. every couple of days and a finished 
product could be ready only a short time af ter the su rve y 
\.vas finished. · 

In shallow ~·later areas sucl1 as tYis U·.e ad van t<:HJCS of a 
towed transducer may be ou tweigl1ed by the single dis ad van ta.ye of 
grounding resulting in damage or loss. A fixed strut transduce r 
might have to be used. 
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We should continue to investigate Side Scan Sonar 
as changes in frequency and/or bear:~ angle may give us the 
definition that we require. I would definitely want more 
field experience 1-li th -Side Scan Sona r before I could profess 
to any degree of competency as an interpreter. 

Figure =!en: 

Figure 

A reproduction of a typical side scan sonar graph 
(approx. l/3 size). The scale lines are at 20 
meter intervals. The track of t he tm.ring vessel 
is along the line of fix numbers. (Fixes are 
approx. 250 meters apart.) The first heavy 
straight Line on each side is the transmission line. 
The second lighter straiCjLt line is the sic:;nal 
return from the water surface. The distance betv1ee n 
the transmission line and this line in~icates tlte 
depth of the transducer fish . In this case about 
8 meters. The irregular lj_ne is signal return from 
the b ottom directly belovJ the transducer. Subsequent 
returns out to 200 meters on each side make up the 
remainder of the graph. On the port side , 100 meters 
out from Fix :!=32 can be seen the beginning of a 
ridge leading to a 13 fathom head 200 meters out 
from Fix 33. On the starboard side is a similar 
rid~e leading to a shoal beneath the transducer just 
past Fix 33. Note the multiple echos in louer 
left corner. 

-' l ") • 
rr t- • 

Sonar graph entering Victoria Harbour. See Fig~re 4 
for approximate track. hange is set to 100 meters . 
lUthough the horizontal beam vJidtL is only 2 desrees , 
there are side lobes which are quite strong at these 
short ranges, consequently the shape of the wharves 
is somewhat distorted. The bottom on t he port 
side is mud, sloping gently away from the boat and 
very little signal is returned. 
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FIGURE #1 
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NAVIGATIONAL RANGES SURVEY 

(1969 & 1970) 

BY 

E.F. THOMPSON 

A range, used in this sense, or a leading line is 
an imaginary line followed by vessels to provide safe 
passage through narrow channels or into harbours. The 
imaginary line is formed by lining up two range stnuctures 
on shore. 

In May 1968, the Canadian Hydrographic Service 
accepted the responsibility for determining and checking the 
true bearings of all navigational ranges established by 
Federal agencies as shown on Canadian navigational charts. 

This responsibility was undertaken by C.H.S. as a 
result of the collision between the two ships HERMES and 
TRANSATLANTIC on the St. Lawrence River in April 1965. 
It was subsequently discovered that a range marker was displaced 
and a decision of the courts was made to award substantial 
damages to the vessels' owners. This incident also brought 
to light the fallibility of assuming, year after year, the 
correctness of range bearings indicated on a chart. 

Each region (Atlantic, Central and Pacific) of the 
Canadian Hydrographic Service assumed responsibility for 
establishing priorities for its range survey work. Initially 
Central Region has elected to concentrate its efforts on those 
ranges marking the St. Lawrence Ship Channel and Seaway, 
since this is the major shipping waterway within the Region's 
jurisdiction, and is, of course, also the major shipping route 
in the nation. 

All the existing range structures between Montreal 
Harbour and Cape BrGle1 were re-positioned and each range line 
bearing verified by the 1969 and 1970 Navigational Ranges 
survey party. 

Survey Techniques (see definitions below if you're not 
familiar with hydrographic terms) 

Pre-established horizontal control points suppli~d 
by the Geodetic Survey of Canada, the St. Lawrence Ship 
Channel and the Canadian Hydrographic Service, all based on 
the NA 1927 datum, were loca t ed in the vicinity of the range 
structures. Secondary survey stations were then strategically 
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placed such that each range structure formed a coincidental 
apex in two independent, well conditioned triangles. These 
new stations were then "tied in" by Tellurometer traverses 
starting from the pre-established control stations, and in 
most cases, closure was made on the original starting point. 

In a few cases the range structures themselves were 
incorporated into the Tellurometer traverses. However, in 
the majority of cases triangulation was the method employed 
to obtain the range positions. 

From the positions obtained for the ranges, an inverse 
computation is worked between each pair of front and back 
range structures to give the range line bearings. These 
bearings are then verified by direct solar and/or gyro­
theodolite observations. 

Range Line 

Petite Traverse 
Con trecoeur 

Contrecoeur 
Course 

Example 

Computed 

225 42'06" 

213 10'27" 

Range Line 
Gyro 

Theodolite 
225 42'12" 

213 10'12" 

Bearings 
Astro 

Observation 
225 42'03" 

213 10'59" 

Profile sounding is also carried out, both across 
the "swept" ship channel and along the visual range line. 
The soundings are controlled by horizontal sextant fixes. 
These soundings clearly show the relationship of the range 
line with the channel limits as well as providing check 
soundings along the range line limits. 

Conclusions 

Due to the continuing program of widening and 
straightening of the St. Lawrence Ship Channel new range 
structures are being erected for the aid of the mariner. 
Therefore, there is a continuing need to constantly re-survey 
and update any new or re-located range structures. The 1971 
Navigational Ranges survey party wi ll be continuing upstream 
from Montreal Harbour to Kingston along the St. Lawrence 
Seaway. In future years, range surveys will focus on all 
other channels or routes used extensively by commercial 
shipping, other major ha:i::bours, all other channels and 
harbours, along with revising ranges positioned in previous 
years. 
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Definition of Terms 

Horizontal control point: A point on the earth's 
surface with a known position and referenced to a pre-determined 
datum (in our case, the 1927 North American Datum). 

1927 N.A. Datum: A system of reference to define 
geographic positions (latitude and longitude) on the surface 
of the North American continent using the elipsoid of which 
the dimensions were established in 1927. The reference 
station for this datum is located at Meades Ranch in Kansas. 

Coincidental Apex: When the apex of two independent 
triangles fall on the same point. 

Well-Conditioned Triangle: TriaQgles in which the 
angles and sides are approximately equal. 

Tellurometer Traverse: A traverse consists of a 
connected series of lines of sight on the earth's surface, 
the lengths and bearings of which are measured. By these 
measurements the relative positions of various points in the 
traverse can be found. The Tellurometer is an electronic 
instrument used to measure each of the lengths of the lines 
in the traverse by means of phase comparison. 

Closure: When the traverse commences .and terminates 
on the same horizontal control point. 

Triangulation: This consists of measuring angles 
between the survey stations erected in the survey area and 
the range structures, in a methodical manner, using these 
measured angles to calculate the positions of the range 
structures relative to the survey stations. 

Inverse Computations: A calculation worked to 
determine the bearing and distance between two known control 
points, i.e. between the front and back range structures to 
give range line bearings. 

Direct Solar Observation: The bearing of the range 
line can be determined by observing the sun through a theodolite, 
which is set up on the range line. The precise direction, 
azimuth, of the sun, is calculated from the point where the 
theodolite is situated. By measuring the angle between ·the 
sun and range line at the exa~t time the sun is observed a 
fairly precise bearing of the range line can be arrived at. 
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Theodolite Observation: The bearing of the range 
lines can also be determined by taking a gyro observation 
on the range line. An angle is measured from the range line 
to approximately true north, with a theodolite. The gyro 
is then attached to the theodolite. By means of measuring 
and taking means of the oscillations of the gyro through true 
north the observed angle is adjusted to true north. By 
either adding or subtracting the adjusted angle from true 
north the bearing of the line can be derived. 
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SATELLITE NAVIGATION 

BY 

R.H. EATON 

Late in 1957, a scientist of the .!->.pplie<l Phy~: ics 
Laboratory, Johns Hopkins University, was listening to ~he 

radio signals from Sputnik I. Ile must ha ve detected tJH' 
Doppler shift in the frequency recei ved as the satellitE, 
passed by, and realised that if the shift was very abrupt, 
it must mean tnat the satellite \vas passin<;;; almost overl:ead 1 . 

whereas if the frequency change were gradual, t he satel J. ite's 
path was a long way from him. Being a physicist, he wasn't 
satisfied un ti 1 he had "put same figures iri", and it was 
presumably then that he re~lised that precise measurement 
of the Doppler shift at a known point on earth could be used 
to determine the satellite's orbit; and, conversely, that 
mea~urements at an unknown point on a satellite whose orbit 
was known would fix the unknown point. 

Ten years later, the security blanket was li f ted 
from the Navy Navigation Satellite System \vhich resulted from 
this idea, and the Bedford Institute bought tvm receive r s. 
After two years, operational experience of the system's 
enormous usefulness in giving a position anywhere in the world 
correct to about ± 1/4 mile every four to six hours, reg ardless 
of weather, virtually no oceanographic cruise is undertaken 
nov1adays without " .Satnav." 

The Principles: Frequency Comparison and the Doppler Shift. 

You have a radio receiver; 1n addition to the 
signal you are receiving, you feed in a very stable re f<~rence 
frequency. You want to find the difference in frequency 
be tween this reference signal and the r eceived signal, ::. n order 
to detect and measure Doppler frequency shift in the received 
signal. One way o f doing this is to count the number o f cycles 
performed by each one at a given time interva l . 

Llt signal 

t 
~~~~~~~~~~r--7~~----~--~-----~ 

Figure 1: Frequency Comparison 
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In the example, figure 1, the frequency fr received 
by the radio is double this internally-generated reference 
frequency fi • . Over the particular time interval At= (t2-t1l 
shown, the count, known as the "Doppler Count" in a Satnav. 
receiver, is (Nr- Nil = (4-2) = 2. 

You are probably all familiar with the Doppler 
effect. If you are walking along the road and a motorist 
approaches you with his fist on the horn, the pitch of the 
horn drops sharply at the instant he passes you. The same 
thing happens to radio waves as to sound waves; if you happened 
to be carrying a frequency comparison receiver, and if the 
approaching vehicle happened to be transmitting radio-waves 
at the same frequency as that generated internally as reference 
by your receiver, you would register a higher incoming signal 
as the vehicle approached; the exact same frequency as it 
passed; and a lower freq~ency as it went away. 

Received. 
rregt4ency_~ f,. 

Internally 
~ent.ted. 

reler•nce 
Pre'lu~ncy .J r; 

Goi113 4W4J' 

Figure 2: Doppler Effect; 
the relation between time and distance 

How the System Operates 

t 
Time 

Four satellites are permanently maintained in orbit 
for the U.S. Navy Navigation Satellite System. Periodically 
one dies (their life is about five years) and another is put 
into orbit. Their orbit is polar (its plane contains the 
earth's axiS) and their height is about 1100 kilometres 
(compare with the earth's radius of 6400 kilometres). They are 
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spaced roughly 45 degrees apart, and can best be visualized as 
forming a birdcage around the earth, its orientation in space 
remaining fixed while the earth spins around inside it. 

The satellite's orbital period is 107 minutes, and 
in that time the earth revolves about 26 degrees. The satellites 
are high enough that at latitide 45 degrees you see each one 
at least twice while your part of the world is under it, and 
you see it twice more 12 hours later. Four 'passes' a day 
from four satellites gives an average interval of H.2 hours 
be t\veen passes. However, satellites are not in synchronous 
orbits, and the actual interval varies from two different 
satellites being received simultaneously, to about three hours 
be tween passes. 

Each satellite carries a very stable radio transmitter, 
and the shipborne receiver also contains a very stable oscillator 
generating a frequency which is ideally the same as the satellite's 
(and in practice very close to it. ) • l~s t he satellite approaches 
you, at about 15,000 mph, the Doppler effect will make tlie 
frequency received from it appear markedly higher than the 
reference frequency genera ted by your receiver. 'i..Jhen t he 
satellite goes overhead, the frequency drops to tLe same as 
that generated, and when it is going away its frequency will 
appear lower (figures 1 and 3 ) . 

North 

Figure 3: 5 a te 11 i te I' as s 
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The measuring system uses the Doppler shift. 

The satellite emits timin9 beevs at p r e cise intervals 
(T=t2-t1 l. During each interval the r eceiver a ccu@ulate s a 
Doppler count (Ar:==Nrr-N. ). of the clif~erence bet1.~ee~ the number 
of cycles transmltted i3y the satelllte (NT } <ma tri '-"':! nuruber 
generated by the receiver ' s internal osci llator (Ni) • If the 
satellite is approaching, the Doppler shi f t is 1 high , and the 
Doppler count should be positive *, and t his works ou t a s follows. 

Beep 2 has a shorter transmission path, and so a 
shorter time delay than beep 1. Hence it arrives sooner (and 
stops the count sooner) than the receiver would ' expect' if 
it were controlling the interval T itself. In this shortened 
period, the receive r will count fe>ve r than a f ull periods­
worth of its own internally generated cycles {Ni)• On the 
other hand, the satellite has transmitted its f ull quota (NT) 
of cycles for the period T, and all the se must be receive d by 
the receiver. So {NT ) is greater than (Ni). 

Using this argument, it is easy to show that the 
Doppler count: 

where fi = the internally generated reference frequency of 
the receiver, c = speed of propagati on of radio waves, 

A£= unknown shift in frequency bet\veen satellite and receive!;. 

Experienced hyperbolic surveyors will immediately 
recognize that (s 2-s1 ) is a range d ifference and implies a 
hyperbolic position l ine passing between t he satellite p ositions 
at t1 and t 2 . Iiowever, thi s is a t h r ee - dimens i onal case, so 
( s2-sl) gives a position some\.,rhere on .. the surface of a hyperboloid 
in space. A second Doppler coun t gi ves a second hyperboloid, 
and the intersection of these two surfa ces with the earth's 
surface defines your position. (A third Doppler count is, in 
fact, required to solve for t he unknown f requen cy shift (Af) 
before a solution can be foun d) . Thi~ is t he b asi s o f the method. . . 

*Those who are familiar vJith Satnav 11ill Jmm1 that tLe Doppler 
counts actually given by the receiver are inverted, being 
lowest during the approach and rising throughout the pass. 
This is because they are measured from an arbitrary reference 
frequency which is higher than the hi ghest Doppler shifted 
frequency (in a manner analogous to t h e use of Fo lse 
Eastings in U.T. M.). 
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To compute a fix, you need to know the position of 
the satellite at each time beep in order to determine the 
hyperboloid, and you also need to know the height of the geoid 
at the receiver position. 'l'he satellite's position can be 
calculated if its orbit is known exactly, and this is 
determined by four tracking stations stretching fro~ Maineto 
Hawaii. Orbital parameters are predicted from tracking 
observations, and twice a day each satellite receives a memory 
injection from one of the tracking stations with predictions 
for the f ollowi ng 12 hours. Thereafter the satellite 
continually broadcasts its data by a code superimposed on the 
measuring frequency. 

Variations in the geoid (the actual sea level surface 
of the earth) are related to gravity anomalies, and give rise 
to perturbations in the orbit of satellites. These can be 
detected by tracking the satellite, and from them the first 
really comprehensive picture of the shape of the earth has 
emerged. The ellipsoid which gives the closest fit to t h e 
actual s hape of the earth is not quite as flattened as Clarke 
thought in 1866. The "11ercury" (satellite) figure for 
flattening is 1/298.3, against l/295 according to Clarke. The 
local diver~ences between this reference ellipsoid and the geoid 
are large - up to 70 metres. Figure 4 shows a cross-section and 
figure 5 a plan view of the earth illustrating this. Figure 5 is 
used to give the geoidal height in calculating a sat-ellite fix • 

.. -- - NORTH POLE 

, ~~?:~:;: I '--:-c-§_::;::> -
SO~TH POt_E 

I' ioure 4: Cross Section of the Earth, showing 
J Geoid (after King-Hele, 1967) 
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There is an inconvenient consequence of this 
difference between the Clarke and Mercury ellipsoids. Satellite 
positions are calculated on Mercury datum, and so are Satnav 
fixes using them. Consequently they are'shifted' relative to 
North American datum (which uses Clarke's ellipsoid) by an 
amount which varies with positions relative to the point of 
origin. At Bedford Institute the mean position by Satnav is 
about 45 metres northeast of an unimpeachable survey position. 

If the receiver is in a ship under way, its motion 
relative to the satellite orbit will affect the Doppler count. 
The computer will allow for this, but only if the correct course 
and speed is fed to it; a 1-knot error in north-south velocity 
(the worst case) can cause an error of up to 1 kilometre in 
position. 

The process of calculating a fix is as follows: 

(1) The receiver measures the Doppler counts and records 
the position informatibn which the satellite 
broadcasts about itself. 

(2) The computer checks the data for self-consistency. 
This is called 'majority voting'. 

(3) The operator enters: time of first beep (an even 
2 minutes}; latitude and longitude {within ± 3 degrees); 
height of a11tenna (geoi d height plus topographic 
height); and course and speed. 

(4) The computer calculates the position in space of 
the satellite at each time-beep of the pass. 

(5) It computes the range differences (s 2-s1 ) which would 
be observed by a receiver at the position given by 
the operator; compares these with the range differences 
actually measured from the Doppler counts; and then 
improves the receiver position and recalculates until 
it gets good agreement betwee n calculated and 
measured range differences. 

hnen our first Satnav receiver arrived at Bedford 
Institute in 1968, we set it up on t he roof to check on the 
surveyors. After receiving 50 passes we rejected 8 v~i ch gave 
positio~s ~?re than 300 metres from_the mean position, and t he 
rrns ra0.1.al spread of ·the remainder about the mean position was 
then 119 metres. Perserving and becoming more c hoosy, we 
rejected all but 4 7 out of 439 passes (on criteria such as 
elevation above 795 to avoid refraction; Doppler counts 
symmetrically distributed about point of closest approach, etc.) 
and reduced the rms radial scatter to 59 metres. This indicates 
that the position from one 'good' pass (roughly one out of 
three) at a stationary receiver is probably withi n 10 0 metres 
of the true position on Mercury datum. ht sea, uncertainty 
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Figure 5: Geoidal Height Map 
(from Guier, 1965) 

over ship's velocity swamps other doubts. However, 500 metres 
accuracy will usually be obtainable fro.tn one goo d pass. To a 
hydrographer, ± 500 netres sounds a pretty sloppy sort o f 
position! But in p res a telli te days the only method o f fixi n g 
at sea was by sextant, and a very g ood navi <_::ator mi<jllt produce 
a fix accurate to ± 1 or 2 miles after observing morning or 
evening stars. Using Satnav, EUDSON laid a string of 
subsurface current meters be tween Cape l~orn and the South 
Shetland Islands early in 1970. She recovered them a few weeks 
later, navigating to within 1 kilometre of each buoy in order 
to actuate t he sonic release gear . This accuracy >·JOuld have 
been impossible by celestial .navigation, quite apart from the 
fact that the area is alw~ys overcast and you might wait a 
month for one celestial fix. 

Refinements are possible, such as improved computer 
programs, the 'translocation' procedure using a receiver at 
a known point to adjust fixes obtained simultaneously at an 
unknown point, etc. A considerable refinement was tried out in 
November, 1970, when five receivers were set up on known shore 
points distributed from Goose Bay to Fredericton to act, in 
effect, as a tracking network to position a sixth receiver 
on a drilling rig near Sable Island. Using this 'simultaneous' 
method it may be possible to locate survey receivers to 10 
metres accuracy relative to control p oin ts hundreds of 
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kilometres away. This puts Satnav firmly in the market for 
l•rctic reconnaissance surveys. The results of this particular 
experiment, a joint effort betueen Shell (Canada) Ltd., the 
University of New Brunswick, and Bedforc Institute, -v.;ill be 
knmm by mid-1971. 

SOUl~CES I l.ND FUli:.TI-ISl~ l<El:..DINC 

lte adin(j on navigation is spotty; there are Looks 
and articles on specifics, but there is no good general review. 
D.E. vlells' proposed book (see belo\l) should remedy this, v1hen 
it is published. 

"Navigation Lectttre Notes", D.E. l·fells. Canadian Hydrographic 
Service Technical Note, 1970. l. professional and 
comprehensible introduction, full of useful information. 
To be published in expanded form as a book in 1972. 

"The Navy Navigation Satellite .System", T.~\. Gtansell 
Navigation, Fal l 1968 . Reprin ted i n International 
Hydrographi c l~view, Janua~y 1970. Standard refe rence 
on Satnav. 

"Experience with Satellite Navigation Equipment during 
Summer 1968 ", D.E. ~-Jells and D.I. ~~oss. r~epor t :S I 1969-6. 
Source of s ~ tnav results quoted in this paper. 

"Geodesy for the Layman", 1-~ . K . Burkard. U • .S.l .• F. l;e ronautical 
Chart and Information Center, 1968 . Excellent introduction 
to geodesy. 

"Introduction to 
Elsevier, 1969. 

Geodesy", C.E. EHin<;_; 
A clear textbook. 

"The Shape of the Eurth", D. King-Hele. 3cientific 
American, October 1967. Ari interesting article on how 
satellites are used to find the shC!pe of the earth. 
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* THE HISTORY OF HYDROGRAPHIC SURVEYING IN BRITISH COLUMBIA 

by 

* 

R.W. Sandilands 

Most cartographers are aware of the requirements 
for maps or charts in the development of a country. 
Possibly the need for charts is greater than that for maps, 
as on land you can a1ways see ahead, you can stop in your 
tracks, you can alter your direction of advance easily. 
However at sea this is not possible. Unseen dangers lurk 
under the water; ships, and especially sailing vessels, 
are not easily stopped and have limited manoeuvrability. 
Thus the need for adequate hydrographic surveys is essential 
for the colonization and development of a coast, and we 
have to thank the early exploring hydrographers who risked 
their ships and their lives for the safe passages we make 
today. This article describes the work of the men who 
opened the sea lanes of British Columbia and who in no 
small measure laid the foundations for the prosperity 
enjoyed in that province today. 

The numerous early explorers kept careful records 
of their journeys and in particular described the coasts 
seen by them and the meteorological conditions experienced. 
We are fortunate that so many of them were so keenly 
observant and capable of putting in writing and in sketches 
the material they collected. 

The great period of British hydrography started 
in the second half of the 18th Century and fortunately it 
coincided with the beginning of true scientific surveying 
so that the immense growth and expansion of Bri ti·sh 
eeapower, both naval and commercial, during the 19th Century 
was accompanied by surveying of a strikingly high standard. 
The first recorded surveys of the Canadian northwest 
coast were those of the Spaniards and British towards the 
end of the 18th century. This statement must be amplified 
slightly by pointing out ;that the information obtained by 
the Spaniards was not generally published or made freely 
available due to a policy of secrecy on the part of the 
Spanish Navy. As will be mentioned later, Vancouver used 
Spanish work in his grand cha rt of the coast but that 
information was obtained by personal contact. Likewise 
there will be no mention of the work of La Perouse who 
did some exploratory work in Dixon Entrance and the west 
coast of the Queen Charlotte Islands. This information 
was hidden. in the archives of the French Admiralty for 
many years and consequently none of the names he applied 
remain in that area with the exception of a few which were 
added much later as an historical reminder that he had 
visited those parts on hi.s voyages. However, Lloyd Arnold 
Brown points out that: 

Reprinted from "The Canadian Cartographe r". 
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"The very nature of the work performed by the 
various Hydrographic Surveys prec l uded isolation 
and secrecy and from the beginning the Qenefits 
to be derived from international co-operation 
were apparent to all countries. In this case 
it was not a matter of uniting in the common 
cause of science, it was a union of the seafaring 
men of the world against the common perils of 
.the deep. Moreover, the seas were so vast that 
little headway could be made in nautical 
surveying without the combined effort of every 
ship and every nation that sailed them." 

At this time naval captains were normally 
commanded to make such surveys, navigational plans and 
soundings as they could on their voyages of exploration. 
To co-ordinate the gathering, evaluating, compiling, 
publishing and disseminating of the information gathered, 
the British Admiralty set up a Hydrographic Office of the 
Admiralty in 1795. The first Hydrographer of the Navy 
was Mr. Alexander Dalrymple, who had been Hydrographer 
with the Honourable East India Company. It is interesting 
to read the Board of Admiralty Minute which established 
the office: 

"The great inconvenience, especially when 
ordered abroad, felt by officers commanding His 
Majesty's ships respecting the navigation, 
had led us to consider the best means for 
furnishing such information, and preventing 
the difficulty and danger to which His Majesty's 
fleet must be exposed from defects of this 
head. On an examination of charts in office, 
we find a mass of information requiring digest, 
which might be utilized, but owing to the want 
of an establishment for thi s duty, His Majesty's 
officers are deprived of the advantages of these 
valuable communications ••• We therefore propose 
that a proper person be fixed upon to be appointed 
Hydrographer to the Board, to be entrusted with 
the care of such charts etc., as are now in 
office, or may hereafter be depos i ted, and to be 
charged with the duty o f collecti ng and compiling 
all information requisite for improving navigation. 
For the guidance of Commanders of His Majesty's 
ships. The extent of such an establishment not 
to exceed the sume of i. 650 per annum ••••o••" 
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From such small beginnings and on such a limited 
budget did the Hydrographic Department of the Admiralty 
develop. Amongst the "mass of information., mentioned 
were the charts and sai ling directions compiled by 
Captains Cook and Vancouver. 

In 1778 Captain Cook, commanding HMS RESOLUTION, 
visited the northwest coast and did much exploratory work 
including a surveyof the Nootka area. As a direct result 
of his voyages the trade in sea otter skins developed, 
which in turn resulted in the first trading post being 
established at Nootka. The Meares incidentl at Nootka 
is well chronicled, but its importance as far as hydrography 
is concerned is the fact that Vancouver was sent out from 
Britain to negotiate with the Spaniards, under Quadra, and 
to demand resi.±ution. Chance gave Vancouver the opportunity 
to blaze his name on the coast, as originally the British 
Government had planned a scientific expedition to the 
Pacific under the command of a Captain Roberts, and plans 
were laid in 1789 to implement this project. Then when 
first reports of the Meares a~fair reached England this 
expedition was planned with the ships SIRIUS, GORGON and 
DISCOVERY. This in turn was cancelled, Captain Roberts 
received another appointment to the West Indies, and 
Vancouver was appointed to lead the final e~pedition, with 
the ships DISCOVERY - 340 tons, with a crew of 134, and 
CHATHAM- 135 tons, with a crew of 55. 

Vancouver was no stranger to the north-west 
coast as he had sailed with Cook as midshipman on the 
RESOLUTION. Bligh, that much maligned officer of BOUNTY 
notoriety, was also on the RESOLUTION serving as Cook's 
Sailing Master, and Bligh Island at Nootka was named for him. 

In addition to his commission to negotiate with 
Quadra at Nootka, Vancouver received instructions to 
make an accurate survey of the coast of North America 
from latitude 30 degrees towards Cook Inlet, "principally 
with a view to ascertain the existence of any navigable 
communication between the North Pacific and the Atlantic 
Oceans." On May 7, 1792, sailing in the DISCOVERY and 
accompanied by Broughton in the CHATHAM, he arrived at 
Port Discovery in Juan de Fuca Strait. From there the 

John Meares, a British navigator and trader, had formed 
a company which bu.i~t a trading post at Nootka Sound. 
In 1789 the Spaniards, who claimed the whole region by 
reason of a Papal Bull of 1493, seized the post and several 
ships that were in harbour. The British demanded restitution 
from Spain and backed the demand with the threat of military 
action. The matter was solved when Spain yielded to the 
British in 1790. Many historians point to this inci dent as 
the first renunciation of Spain's vast claims i n the Americas 
and, by extension, the beginning of the col.lapse of the 
Spanish Empire in the New World. 
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first of the boat expeditions that were to survey the 
numerous inlets and islands of the coast left his vessels 
to enter Puget Sound. Returning from Puget Sound the 
two navigators met the vessels of the Spaniards Galiano 
and Valdez, and the British and the Spaniards continued 
together their survey of the Strait of Georgia. In spite 
of the tense situation between Britain and Spain two years 
previously, there was an interchange of information and 
Vancouver incorporated some of the Spanish work in his 
chart of the coast. Leaving the Spaniards, after about 
three weeks, the British vessels passed through Johnston 
Strait, emerging into Queen Charlotte Sound and conducted 
their last boat expedition of the season from an anchorage 
in Fitzhugh Sound. On completion they sailed to Nootka. 
Leaving Nootka on 13 October, the expedition sailed to 
Monterey in California. Broughton left for England with 
despatches. Lieutenant Peter Puget was promoted to 
command of the CHATHAM and accompanied Vancouver to winter 
in the Hawaiian Islands. 

Vancouver and Puget resumed their survey in the 
spring of 1793 from an anchorage in Burke Channel. On 
23 July the DISCOVERY and CHATHAM were anchored in 
Observatory Inlet and remained there unti 17 August, 
whilst Vancouver conducted the boat expedition that 
surveyed Observatory Inlet, Portland Canal and Pearse 
Canal. Vancouver wrote: 

"We had traversed .· seven hundred geographical 
miles without having advanced our primary 
object of tracing the continental boundary more 
than twenty leagues from the station of our 
vessels. Such were the complexing, tedious and 
laborious means by which alone we were enabled 
by degrees to trace the northwestern limits of 
the American Continent." 

On leaving Observatory Inlet, Vancouver and 
Puget continued their work northward, their most northerly 
anchorage of the season being at Port Protection at the 
north end of Prince of Wales Island. 

In 1794 both ships returned from wintering in 
the Hawaiian Islands to Cook Inlet. From the Russians, 
Vancouver was allowed to copy a chart executed in 1789 --
1790, from which he adopted for his own grand chart of 
the coast the coastline from Cape Trinity to Point Banks. 
On 19 August the last boat party returned to the DISCOVERY 
and CHATHAM, anchored at Port Conclusion at the south 
end of Baranoff Island, from wh1ch point V~ncouver and 
Pu9et. concluded their survey of the northwest coast of the 
continent. The charts executed by Vancouver's expedition 
continued to be the most reliable source of information 
regarding many parts of the coast until some time a f ter 
the purchase of Alaska by the United States. 
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The traders operating on the coast duri n g the 
period between the voyages of Cook and Vancouver also 
played their part in the construction o £ Vz·ncouve r' s 
chart. H.eports and sketch surveys from Duncan , Eanna, 
Meares, Barkley, Dixon and Portlock, and the ~rne ricans 
Gray and Kendrick, were noted and fu rther investigated 
by Vancouver. Portlock and Dixon had been s hipmates with 
Cook on his last voyage before they entered t he trading 
business. Duncan had served in the 1-(oyal Navy as a .i:>laster 
and traded the coast on the PRINCESS l10YT.L . He had ILlade 
some small charts of various localities and these were 
published in 1790. One of them, dated 1788, shows the 
en trance to the Strait of Juan de Fuca, giving a sketch 
of the land and of Fuca's Pillar. 'i·le knoH that these 
charts \<Jere on board the DISCOVERY as Vancouver makes 
mention of them in his journal. 

After Vancouver's departure there was little 
hydrographic activity on the coast for several years. 
Britain was still engaged in the Napoleonic 1"lars and 
required every ship available. 

In the meantime, the Northwest Company and tl1e 
Hudson's Bay Company had joined forces unde r the name of 
the latter company and we find a published record o f a 
survey carried out by Aemilius Simpson, in the Hudson's 
Bay schooner CADBORO, of the mou th and part of t h e Fraser 
l<.i ver. This vlas done at the time of the founding o f 
Fort Langley and we find in the historical records of the 
Fort that the CADBORO " ••• for nine days searched f or a 
channel through the sand-hea.ds." 

The company also founded Fort Vancouver on the 
Columbia in 1828, and the next trace we find of organized 
hydrographic work on the coast was when the SULPHUR, with 
Commander Belcher and the STARLING, with Lieutenant Kellett, 
charted the river up to Fort Vancouver. In 1039 Belcher 
also carried out a survey of Friendly Cove and the 
expedition checked some of Vancouver ' s observations for 
longitude, time, azimuth, etc. at Nootka and Yakutat B<Jy 
in Alaska . 

Belcher was a Nova Scotian, h i s father beinc; a 
judge or magistrate, and h e was the first native-born s on 
to become a distinguished hydrographer. He seems to have 
been a remarkably able man. He was a diplomat, linsuist, 
and during a spell ashore he "follo1ved t he study of natural 
pholosophy". His dj_plomatic activities earned h im the 
following rebuke from Beaufort, then Hydrographer o f the Navy: 
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"Your last letter of 13£15 i s really all !IeLreH 
to me, ransoms and dollars, quee ns, tre aties 
and ncgotia ·tions. llhat have I to do v1ith al l 
these horrible thin<Js, they fa r transcenC: my 
limited chart-making f acultie s . That y ou r.1ay 
have been doing good service to tl le country I 
will not doubt but the harvest I look fo r at 
your hands does not stretch beyond tLe reach 
of a deep sea lead." 

However their work was in conjunction wi t h other 
surveys south of the equator. Passage to the facific 
coast was round the treacherous Cape and little was }~nmm 
of the South American coast. Some idea o£ t he problem~3 
facing the Hydrographic Department can be obtained from 
sections of Belcher's sailing directions: 

The extent of coasts along the \vestern side of 
America is so great that the utmost energy will 
be requisite in conducting the neces s ary 
observations, and can be effected in any reasonable 
time only by skilfully combining them Hith the 
changes of seas on which take place at alternative 
periods of the year to the north and south of 
the equator. On the approach , therefore, o f the 
monsoon to t h e coast of Pe ru, you are to make 
the utmost expedition in removing both ves sels 
'north'. Little is known of this great country 
except that it is rapidly increasing in population 
and commerce • • • it contains but fev·J harbours 
its shores steep and approaches bold. 

In 1846, due to the Oregon coun.try dispute, there 
\vere six s h ips of t he Hoyal Navy in this area. Included 
in these were the surveying ships EEHll.LD and PJ,NDOIU-. , 
commanded by Captain Kellett and Lieutenant Hood . ':'hese 
ships carried out surveys of Esquimalt and Victoria harbours, 
and some work in the Straits of Juan de Fuca, including 
the anchorages at Fort S ~n Juan, Neah B~y, Port Townsend, 
Becher and Pedder Bays, and Cordova Day. 

Lieutenant Wood was assisted in tl1e s~rv~y of 
Esquimalt harJJour by a Hr. Insk i p i-.r:,o Has a n a val instructor 
on board t he FISCi\KO, which wa s al.so on station in tllat 
year and the points, islands, etc. in t he harbour 1·1ere 
named after various officers of that ship: C.;ptain Dun tze 
(Duntze Head); Lieutenant n.odd {:'todd Ilill); Lt. Narines 
Richards (Richards Island); Surgeon Dunn (Dunn's Nook) <Jnd 
so on. Again, this work was in conjunction Hith work 
further south on the Pacific coast and the bvo ~;h ips were 
only in northwest waters from J·une to ~ . ugust of 1 0·1 6. Th e 
HER.i:..LD was detached to assist in the search for :3 i r Jol-: n 
Franklin and t he Pi'.NDOR.'\ continued he r 1-mrk alone; un ti 1 18<13 . 
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From the surveys of l~llett and Wood one of the 
earliest l .. dmiralty charts of the area, an d one v1hich 
provided base rna teri al for several e Ci tions, >·.' as tl1e chart 
of t he Strait o f Juan de Fuca. ~Jood hTote detaile C: 
sailing directions for the Strait area and this in effect 
was the first c h apte r o f a British Co lur;,:)ia I'~i. lot . Lo·,lCver 
this report, >l:·,ich Has publi shed j_n the 1\,:··.UTI ·.:.:: ·,~~ lL:.c ·_~IlE 

in 1851 , preda te d. t h e fi rs t p u b li :::~ ., ec! Z:..di!1j.r i l l ty :,;·j_ lot by 
more than ten years. Wood commente d that: 

"Vancouver's descrip tion ', .;a~; .sufficient o. s fa r 
as t h e southern shore \v a s conce:r·n e(: >n ~-= C'lJ. t~hr:: 

nortLern, or i s land side, by ·the tir.w _,; ,ce .,oc}~ s 

was reached, some better sui c1e -,.;oulcl :x:: n e c es.s c:ry . '' 

l 8 t16 sa\.J the Oregon 'i'reaty si::n e(~ Jy:.: '.::':·.''2en t~ . e 

United States and Bri tian and vi tl1 it cc:,r:w a lessenins of 
naval activity on t h e coast. TI . ree y e ars l~ter Britai n 
~ave Vancouver Island colonial status and a new era 
in naval activity began. Primarily the role o f the Navy 
was to guard against infiltration f roB tl1e Un i tee~ :s ·t e1 tes 
and to maintain law and oreer amons s t the coas~a l tri~es . 
Though there , .. .,e re no specialist su r\Teyinc; ::; hirn> on the 
coast at that time the normal practice of c h arting on 
passage and surveyin9 anchoruges (thus addinC,.; to the 
basic information provided by the surveyors) was carried 
out by ships on station. 

As a result of gold discoveries in the Queen 
Charlotte Islands there w~s a rush of prospectors from 
the United States. In 1854 the THETIS and VIIJ\GO in the 
course of patrolling northern waters p roduced s urveys of 
Port Kuyper, Naden Harbour, Masset and IIouston S teHart 
Channel in the Queen Charlottes, and Port Simpson, the 
northern H.B.C. post on the mainland. During VII;~T~c c•s 

patrols in the Charlottes it was f irst ascertained th~t 
the Queen Charlotte Group consisted chiefly of two 
islands, Graham and Moresby. 

The VIRAGO v1 as a steam paddle sloop and \.;as the 
first naval ship since t h e days of Va ncou ver to navig ate 
much of the inside passage. Commande r rrevost a dded n uch 
to Vancouver's information about this sheltered route to 
the north. He also did considerable \·10rk in the Sa n J uan 
and Gulf Islands of the Strait o f Georg ia. 

In 1853 officers of the Hudson's Bay Company 
surveyed Nanaimo and Departure Bay, coal having been 
discovered there the previous year. These soundings were 
added to by Mr. Inski.p of the VII<...'\C O, 1:llo later became a 
Captain in the Royal Navy; he was a brother of the Inskip 
mentioned previously in connection witl: tl~ Zsquirnalt 
survey. He \vas in charge of the hydrographi c s urveys 
carried out by the VIR\GO and be came extre~ely inte r es ted 
in surveying as he served exclusively in t h e su rveyi n <;_; b ranch 
after his return to England in 1 8 5 5 . 
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Whilst in the San Juan Islands in 1853, Prevost 
had noted that there seemed to be much variance of opinion 
as to where the boundary with the United States ran and 
that the 49th parallel was not marked on the mainland 
coast at Semiahmoo Bay. It was as a result of lack of 
information on the boundary on the coast that the next 
phase of intensive hydrographic surveying began. Capta in 
Prevost, late of the VIRAGO, who had been promoted to 
command the SATELLITE, a screw corvette of 1,462 tons, 
and Captain Richards, in command of the PLUMPER (figure 1), 
were both appointed as British Commissioners to the 
Boundary Commission. They reached the northwest waters 
in June and November respectively in 1857. 

Figure 1 

The HMS PLUMPER, an auxiliary steam sloop 
barque-rigged, was specially fitted as a 
survey ship. The photograph shows surveying 
boats leaving for the day's work in Port 
Harvey, Johnstone Strait. (From LondoR Ill. 
News, 1860. ) 

The British Government and the Admiralty were 
determined to gain more precise geographical information 
on the waters involved. The PLUMPER worked on 
hydmgraphic surveys nearly full time and the SATELLITE 
assisted when her 21 guns were not required for law 
enforcement duties. 
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To digress for a moment, it is interesting to 
consider what the effect of extensive hydro:;raphic surveys 
in this areu prior to 184 6 Hould ha ve been . The oris;inal 
treaty of Oregon read: "The line of boundary ••• shall 
be continued westward along the 4 9th parallel of north 
latitude to the middle of the Channe l which separates 
the Continent from V;;mcouver's Island and thence through 
the middle of the said Channel and the F'uca Straits to 
the Pacific Ocean ••• " The subsequent boundary difficulties 
arose from the apparent misunderstanding in drawinc; up 
the Treaty in assuming that there was only one c11annel, 
and also ignorance of the existence of any islands at all, 
whereas in reality there are three channels vibich might 
be taken as that mentioned in the •rreaty. The British 
claim was based on ~<osario Straits or the eas-tern channel, 
whereas the U.S . Government claimed Daro Strait or the 
western channel. Perhaps the lack of hydrograpJJic 
surveys cost Canada the Son Juan and part of the Culf Islanc\s. 

However, Richards' first job was to determihe 
the exact spot \ihere the 49th parallel crossed the short 
of Semi ahmoo Bay, as it was from this paint that the 
boundary line would be extended b ack to t h e i~ckies and 
on into the Strait of Georgia . Naturally a survey of 
Semiahrnoo Bay was carried out at the same time. The 
PLUHPEH' s movements can be traced by the record of surveys 
that Richards left: 1857 -- Roche Harbou~; l BSS -- Friday 
Harbour area, Haro Strait; some work on the Fraser River, 
Burrard Inlet; additional work in the Esquimalt, Royal 
Roads area; 1859 -- Ladysmith; completion of Haro and 
Rosario Straits; additional work around Victoria. It is 
of interest to note that on the charts published from 
the 1858 isauimalt and 1859 Victoria surveys we sec the 
beginning of the land surveys of Surveyor-General 
Pemberton being incorporated. 

In 1860 the PLUMPEa ranged further afield and 
surveyed 'rexada Island, Nanoose B,,y, Pender Harbour, 
Seymour Narrm\rs, as· well as vlOrk in the Johns ton .3trai ts 
area including Port Harvey, Port Neville, Beaver Harbour 
and Alert B~ y. She was assisted in part of tl1is work by 
the HAVANNAH, hence the naming of Havannah Channel in 
this area. Later in the year t h e PLUMPER worked in 
Goleta's Channel and Bull rLlrbour and then started south 
on the west coast of Vancouver Island with a s urvey of 
Quatsino Inlet dated that year. Still moving south, tl1e 
charting continued during the following year with work in 
Clayoquot and Barkley Sounds. Later in the year st~ ll 
further work was done by Richards in the Victoria and Esquimalt 
areas, and the townsite of Victoria is shown at this time. 
Pemberton was still the Surveyor~General of the Colony and 
by this time street names were shown on t he Victoria chart. 
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Most of the names have been kept to modern times, but it 
would appear that Broughton Street was originally Kane 
Street, Courtenay Street was Rae Street , and that St. 
John Street became Pendray Street. 

The PLUMPER was proving inadequate for the task 
and she left the coast in 1861. Richards and his 
surveyors transferred to the HECATE, a paddle wheel sloop 
of 860 tons, early in 1861. HECATE arrived on the coast 
late in 1860 and remained on station till 1863. Most of 
her surveys were on the west coast of Vancouver Island 
with surveys of Klaskino, Klaskish, Nachatlitz, Esperanza 
ahd Nootka Sound and further work in Quatsino and Nasparti. 

The shore headquarters for the immense flow of 
hydrographic surveying data was half of one of the original 
three buildings erected by Governor Douglas for the Royal 
Navy at Esquimalt base as a hospital during operations 
against the Russians during the Crimean War . This was 
converted into a drawing office for the officers of the 
PLUMPER in 1858 and marks the beginning of a shore 
connection between hydrographic surveying and the Victorian 
area which exists to this day. 

Most of the charts were printed and published in 
Britain as the data from these surveys were added to the 
printing plates which had the earlier surveys on them; 
some however, were printed on the coast. In 1862 Richards 
requested that the Royal Engineers at New Westminster 
lithograph 120 copies of the new survey of Nanaimo Harbour 
for sale locally. The survey had been completed prior 
to this date but Richards spent some time in November of 
that year buoying the harbour, and at this time he wrote 
Douglas that the volume of traffic was sufficient to 
warrant application of the Harbours Act and the appointment 
of a Harbour Master for the port . 

In 1863 Captain Richards was recalled to Britain 
to become Hydrographer of the Navy, a post he held with 
the rank of Rear Admira l till 1874. 

As a last act before leaving the coast Richards 
made a final and important contribution to the surveys 
of the northwest. He knew that when the HECATE left the 
station there would be no naval ship available for purely 
hydrographic work. He persuaded the Admiralty that the 
surveys should continue and was informed that a sum of 
b3,500 would be made available for charter of a local 
vessel and that certain of his personnel could remain on 
the coast. The company wanted b4,000 per year for her and 
it looked as if Richards would have to abandon his plan 
till he appealed to Governor Douglas who was suffic i ently 
far sighted to see the advantages to the young colony of a 
well-surveyed coast, and so he guaranteed the balance of 
b500 from the Coloni al Treasury. 



- 39 -

The BEAVER continued charting the coast from 
1863 till 1870, by which time she had ranged from the 
southern tip of Vancouver Island to the southern tip of 
Alaska and north to the head of the Portland Canal and 
Observatory Inlet. New anchorages we r e d i scovered and 
routes opened to almost every seaward corner of the 
province. One minor interruption occurred in 1864 when 
the Chilcotin Indians massacred a road crew work ing on 
Mr. Waddington's road from the head of Bute Inlet out to 
Fort Alexandria. The BEAVER was sen t to patrol the area 
and a survey of Bute Inlet appeared, dated about that 
time, so obviously Pender had not wasted the opportunity 
of furthering the surveys of the coast. 

The BEAVER ended her career as a hydrographic 
vessel in 1870 with surveys in Blackfish Sound; Farewell 
Harbour was so named because it was the last place 
surveyed and that in the BEAVER: to quote Pender: 

"They had fared well and now it was Goodbye, 
Farewell." She was handed back to the 
Hudson's Bay Company on 21 December in 
James Bay. Pender returned to England and 
supervised the publication of charts based 
on the wealth of information he had 
gathered in the BEAVER. He later became 
Assistant Hydrographer to the Admiralty. 

Though not a specialist ship, the BOXER made 
reconnaissance surveys £or the Admiralty of inlets 
suitable for a terminus for the Canadian Pacific Railway 
in particular in the Ursula Channel, Gardner Canal area. 
Sanford Fleming acknowledges them in his report dated 
1877, though the surveys must have been dated about two 
years previous to that as the BOXER left the Pacific 
Station in 1875. 

Preliminary surveys of the entrance to the Skeena 
were made by the DARING in 1877 and many of the names of 
locations in that area are those of the officers of 
that ship. 

In 1888 the US Coast and Geodetic ships PATTERSON 
and COSMOS started surveys from Cape Muzon to the head of 
the Portland Canal and thi s work carried on till 1891 . 
It was discontinued at t he request of the Canadian 
Government because the boundary between Alaska and Canada 
was still under consideration. 
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However, in general the Admiralty must h.ave 
cons idered that when the BEAVER paid off, the coast of 
British Columbia was sufficiently well surveyed to allow 
normal coastal trade to ply the coast in safety as almost 
thirty years elapsed before another surveying ship was 
appoin ted to the Pacific station. This was the EGERIA, 
destined to be the last hydrographic ship of the Royal 
Navy t o be stationed on the coast and which was to form 
the link between the Admiralty surveys and the present 
Canadian Hydrographic Service (Figure 2). 

Figure 2 

HMS EGERIA, a steam screw sloop of 940 tons, 
the last R.N. hydrographic ship to be 

stationed on the Pacific Coast. 

Much of the EGERIA's work consisted of re-survey, 
but these were modern surveys, on larger scales in places 
where definite settlements had taken root, and filling in 
the gaps that had been left as being unimportant during 
the initial coastal surveys. She arrived out from England 
in 1898 and remained on station continuously till 191 0 , 
recommissioning on station. Her first commanding offi cer 
was Commander Smyth and he commenced surveys in the Strai t 
of Georgia area. However the threads of continuity were 
already picked up by the Canadian Hydrographic Service. 
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In 1886, the CPR reached Port Moody and their 
steamships linked with the Orient. Four years later, in 
1890, the Canadian Pacific liner PARTHIA struck a shoal 
in Vancouver Harbour and as a result of an Order-in-Council 
a surveyor was detached from the Georgian Bay surveys to 
come to Vancouver to carry out hydrographic work in Burrard 
Inlet. This was the first Canadian salt water hydrographic 
survey. The man was William J. Stewart, who was later to 
be in charge of the Georgian Bay surveys and to become the 
first Chief Hydrographer of the Canadian Service. 
However, the results of his work were incorporated in 
the Admiralty chart of the area published in 1893 and so 
this cannot be considered the first Canadian chart of the 
coast. That honour fell to the chart of Prince Rupert 
published as a result of surveys carried out in 1906/1907. 
Mr. George Blanchard Dodge of the Surveyor-General's 
Office, Department of the Interior, Ottawa, was engaged 
on hydrographic work in Prince Rupert in 1906. In 1907 
Mr. Musgrave came out to the coast accompanied by Mr. L.R. 
Davies. Henri Parizeau joined them and the three surveyors 
were employed in completing the Prince Rupert survey. 
Seemingly there was close co-operation between the officers 
of the EGERIA and Musgrave's party. At the end of the 
year Musgrave's party returned to Victoria and set up 
office above the present CPR office on Government Street. 
These three men -- Musgrave, Davies and Parizeau -- along 
with Mr. W.K. Willis, who transferred from the east coast 
in 1917, were the founders of the Canadian Hydrographic 
Service surveys on the BC coast and between them had 
charge of the Regional office till 1953. 

In 1908, the hydrographic service commissioned 
their own ship, the LILLOOET. She was built by the 
BC Marine Railways Limited at Esquimalt and went to Prince 
Rupert to start her work in June of that year. In 1909 
Parizeau and Cowley were detached from the LILLOOET for 
the summer and charted Telegraph Creek at the entrance to 
the Skeena. This was the first recorded Canadian detached, 
shore party on the BC coast. Work from the ship continued 
in the Prince Rupert area through to 1910 with work in 
the Queen Charlotte Islands being started that year. The 
LILLOOET was based in Esquimalt at that time and in 1910 
the shore office was moved from the Government Street 
premises to the dockyard. The Service had gradually 
started to expand. However World War I reversed this 
trend and by 1918 the LILLOOET was laid up at Esquimalt 
and the only work done was resurveys of Victoria and 
Esquimalt harbours. That year the shore office was moved 
from the dockyard to the BC Permanent Loan Building in 
Victoria, presumably due to pressure of space for naval 
requirements at the dockyard. 
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A definite pattern can be seen in the early work 
(1906-18) of the Canadian Hydrographic Service~~ The 
Admiralty work was being accepted for the stan ard coastal 
routes but now hydrography was becoming of val e to 
the industries of the province. Surveys were ade of 
the Prince Rupert area -- the cargoes from the Orient 
coming in and Prairie grain going out; Observa ~ory Inlet 
the ore from Anyox and Alice Arm; Skeena and P~cofi -­
information for the fishermen engaged in the salmon 
industry; Port Alberni -- a sheltered port for lumber and 
forest exports; Ocean Falls -- the pulp and paper 
industry. 

The history of hydrographic work on the BC coast 
following World War I is one of consolidation and updating 
of charts. In the main, the whole coast was surveyed, 
then when new echo sounders became available the task of 
resurveying to modern standards was started, and today, 
with the exception of a few inlets well off the normal 
routes, the coast is completely surveyed. In 1918 about 
one hundred charts of Canada were published in Canada; 
this rose to 315 by 1939. By 1969 this number had grown 
to 984 (possibly the largest domestic chart catalogue in 
the world) and over 318,000 charts were sold. 

The work of the hydrographer is never~ending. 
A few years ago the six-fathom line was accepted as the 
danger line for navigation. With modern bulk carriers 
the ten-fathom line is not even adequate. Shoals that 
formerly were not dangerous assume a new significance and 
require a more rigorous standard of survey. 

The work that began with Vancouver and was 
carried on by Richards, Pender, Parry and Parizeau still 
carries on. The goal is still on the horizon and like 
Lewis Carroll's Red Queen ''It takes all the running we 
can do to keep in the same place. To get somewhere we 
must run at least twice as fast as that." 
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.E , .. B~o~m 
Deve l :Olli~en t Group 

c.c:n t.ral llegion. 
ttla.t"i·ne Sci:ence.s J)r~nc"iJ 

~he IVl~r:i ne Sci en<::-e s :Oranch ·Of tii1C .DbJ-;)ar·bm~n ·t a :;: 
Fisb:eries and .l?ore.s~ry has the ~.spo.nsi ."'i. l1 ty or p40Vlui n{: 

·pos.J. tioni~ .and :navj_gation. sy.stem.s fo:c. t h e tra;rious fir::.c:ijllli n ®s 
operating fro~rn t.he Callada. C~ntre f .o.r Inlan<~ ;laters . .~.'1 ~~­
a,ccura te :P'O.Si ti r,;m.ing nf surv£&oy v~ s r;e l s on tl1t! . l .a.l;:o:li". ~'Hl.S an.cl 
-continues to. be a p rohlem, how~'Te r t -r.-J~- are $ tri v . n'".:; t .o. 
eliminat-e o:r redurc;e til.ese probler.--us by res~nn·:ch int.<> el·ecttoni c 
pcsi t .i_:oning systeJ.'.as , and ~va·luation o £ .such systems a~ t1 .ey 
beo:ame· availeJt;>l:ej One such . .systt~m vd th .coverat;<il ovfilr t~)e 
te<we r ~r~eat .L~kes and . considet"able p o'tenti al is. the Laran C 
systlem.. A stu-dy on positioning ~ys~et:ts :for Inl.and l'fateEs 
spons:Ored by the :Inland 1Nate:rs aranch i.n 196.8 :l:'e·commend ee th~ 
use. ·of Loran c lfo.r po.s:ittionin~ sb.ips 'JiitJ:lin tte lcn·-~ex-
Great Lakes. · 

~ecause Loran C to elate has been usect ·714.ainly :as a 
. na viga ti o:q. srys t~m, ra M:~~r. tb.G)n. a. prr0c:t. $ion su,rv€y s~t stem 1' 

a:nd be·cause: l.i ttle .was Jtnown ab;e>'!J.t the L:oran c $i<::nala i n 
th·e Great Lak.es a.rea:t this .study ~·r'es u.na~rta-kenf so that: 
many · of the obvio~s and. stancla.rd qu~s.t.ions. coul<t ~o anm·n~reo .. 

. 'l'.hi~ repoxt contains pre1im:J.na.t·5l x111su1 t.s ~nr.:l -surm a J:."y 
- Qf . the ::reeent Lo,x;an . ·C e;val.~a:ti~ .. , 'l'LesO> t:~.st.s ~re~ t i .n t:h~l 

. ·: main~ .-,cairie·q ~'l\1t . by ' f'! ~ P . t~ Engiriet'3ri n~; ,, un(:-ar cont:r,a:c:>t t;o 
., .Maxine ~cienc:es Branch.,_, tientral Rcc;:;ion.. At. -the tir;\e t4i thi~ 

writing, not al l data ·have been _.El.doq;ia t.cly an~.u-~.c: l ~nd it 
is t ·O be unde.:r.st.oo.d that. f.:J.g·u.re's quote(~ in . tM :fcllo\.vi l'HJ rex')-.ort 
:m.ay be slightly aLter·~<! t<> · ;r.ef'l.e rot final ·results.,. 
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Loran c System 

The Loran C system is b as i cally a hyperbol i c 
navi g ation system which operates on a single freque nc y of 
100 KHz. rrhe system was de velopec~ tl.rrou~rh the effor ts 
sponsored by the U.S.A.F. in the early F'.ifties and i n tLe late 
Fifties the entire system was p laced under responsi b ility o f 
the U.S. Coastguard where it remains to d ate. 

Each Loran C chain consists o f a Master and Slaves, 
with each station transmitting accurately synchronized phase 
coded groups of pulses. The stations each trans~it a g roup 
of eight pulses (the master transmits a ninth pulse f or 
identification) on a time sharing basis. 

rrhe receiver within the Loran C chain can look at 
either a sing le pulse or the entire pulse s roup , or it can 
look at t he pulse group as well as the continuous wave whi ch 
is transmitted within the pulse. I ·t is o b vio uf: that t h e 
pulse or envelop e matching receiver wi ll only p rovi de a 
coarse read insJ while the receiver whi ell look s at: the c ycles 
(cycle matchinrJ ) of the C'H will p rovi 6e a r.r--1cl1 finer Deasu rement. 
It is mandatory for any s~rvey requirement that receivers 
with a cycle matc hing capability be used . 

Loran C coverage on the Great Lakes is provi ded 
by the East Coast Chain with transmitters as f o lllows: 

Master , Cape Fe ar, North Carolina 34-03-4 5.61 
77- 54- 4 7.20 

Slave, Dana , Indiana 39'-51-07. <W 
8 7- 29 -11.51 

Slave, Nantuke t Island 45 -1 ~) -1 1 . 98 

69-se - 4 0.51 
Slave, Jupiter Inlet, Flori d a ~ 7-01-59 lJ 

8 0-0 6- 5 3 H 
Slave, Cape Race, Newfound land 4 6- 4 6- 32 .7 0 

~) 3-10-31 . 76 

Coverage and_...,..~eome try 

N 
~·J' 

N 
\1 
N 
H 

N 
il 

Loran C coverage of Lakes Ontario and Erie is as 
shown in Figure 1. Lines of position are shown f or all of 
the ab.ove Master-Slave com;binations, however , for our recent 
trials only the Dana and Nantuket Slaves were use d . 
Reception of the Florida and Newfound land slaves was demonstrate d 
on one brief occassion, however, the reception reliability 
is marginal. 
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On Fic:~ure l, the Cape Fear - Dana pattern .is a nota te rl 
SSO- Z , anct the Nantuket - Cape Fe ar ~attern is shown as SS O-Y . 

.t\.ll p oints on Lake Ontario an d La]:e .i~ri e are less 
than 650 miles f rom any o f t h e t h ree stations u s e e , or less 
than h alf t he defi ne d qround ~vave ran c:_re. 'l'h e <1c: o metry o f 
hyperbolic inte rse ctions fo r t h e two Joairs of transmitters 
is excellent i n this prime covera(j e area . Inters ection a n g les 
are no less than 60 de~; rees a n d h y ;1er"bol i c exnans i on is less 
than a factor o f 2 in all area s o f both La kes. There f ore , (; ooc' 
resolution o f position in terms o f time ~i f ferences is p ossible. 

'I'he trials had t h ree maj or o b j ec ti ves : 

1. Assess the si g nal quality at surface level alone t he 
shores o f La ke Ontario ancl La!~e ' ;_;;rie . 'i'h is as.ses.sme n t 
to include; signal strength - t=tah ility o f Loran C 
signals - orde r o f accuracy relc:1 ti ve to North .i :.neri c an 
1927 da tura - nature of cU urnal variation s - nature 
o f variations due:~ to i:itTi10spLe1~j. c or oth <"r noi:.::c , and 
stab ility o f c h ain tran.s nitten:.: . 

2 . Assess the accuracy improvernen t resul ti n (; f rom tlle 
use o f t h e differential r;w6e o f o p eration. 

3. Assess the propertie s o f compc~tati ve Loran C receivers , 
consideri n g performance , stab ility , reliab ility, 
and cost, anc1 r~commenc a ty21e for pos sn~ 18 ;:·m r c lt ase . 

Conclusi ons h ave not b een reac!.nd on all o£ tl le a h ovo 
objectives, at t h is time , however, sufficient in forn~tion is 
a v ai labl e to conclude on some of t h e r:10rc ir1por'cant r·o i nts. 

These points are a s follows: 

~) Short term varia~ions 

b) -- Long terrn variations or those v h ich can be elimi n ate d 
by d ifferentia l o pe ration 

c) The selection o f the most a ppro p riate v e locity of 
propagation and de termina tion o f residual error • 

• • • • • l :. 
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Field Triul s 

J<':i.c l(; t. J.~ i al s Here con cJ uc tcJi :·,)' o; )cJ~<ri.: i n • . o recoiver 
with the an cc~ nnu .sit,;a tc c' z.:: ·t i-: novm. ' c'o ( r<:J :•!-.i c poi nt: : , f or a 
p eriod o f t we nty - f o u r hour.:..~ o :.- Llo :r.e ilL i." :i.vc 1.d.c t=; l ~' :: C'') <~ r cte6 
points on t he nor t~ [l s h ore~,<.:; o.: ~ t>.e t\·:o l c1 ::c .s . 

'l'he loc a t i on o f t ll c:3 c' j>o i n ·t: ::; ' . .'"> as ::ol101.' ,':': 

E. i.n ~I s ·ton 
Co b ou:;:-c 
Burl i n rJ t on 
l 'ort ::.>t <ull cy 
~-~J'l i c~ a t 1 }_7 

Sh ort p eriod o b servati o n ;; ':Ic: r(; also o b t ai n ec' a·c 
Port Col borne and Sc arl:>orou ,~):t , anC. i n ~H.: d i t i on, a sho rt 
period of o pe ration ~·Jas carried ou t c-d : 'i'obe .rno :;:-y. 

'f~H~ location of t Le .sc poi n t:~ 21: c ::3l 101m o n i· ' j_ t _ ; 1. ' rE~ 1, 
and as can b e seen, t h e p oints cove r a n r.1r ca of a~">p ro :{i r:t u te J.y 
300 rhiles. 

'rhe o lx.;e rvations at all of t J. ·te a b ove points , \·Jitl: 
the exception o f 'I'oberr:lOry, Here c a r ri ec; o u t in t he d ifferential 
mode 

1 
that is a receiver was o p era tin e_:; a >c Bur l i n~: t:on s i uu l tancous l y 

with observations at all of t h e oth er p o].n ·ts. In a C::c~it.ion, 
a receiver was o p erated at CCI W (about 2 miles d istanc~ fro m 
above Burlington location) f or the enti re p eri o (.: o f . t h e tri<Us. 

Host o f t h e above trials \·Jere t ake n vJ:j_ t r t h e 
following Loran sets:-

Epsco Ai r b orne 
Epsco h anpa c k 

c ;,n 1 I:..>.N-9 ,,_ ) 
L:\ N/ I>SlJ- ?) 

'rhe receiver operational a·t CCI'il a n d 'l,ob o.nno r:r 
1 

v;as a Litcom 1'.-N/UPN-35, vl h ich was on lo?n ·to Cen t r a l ::.e <.: i on 
f rom the US Goastg uard . 

r· 
••••• J 
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H.esults 

'l'l1e geocrraphic position along wi tl1 tl1e mean Loran C 
observations at each p oint are listed be low: {(.lata at present 
are not available from the Scarborough or Fort Colhorne points). 

Latitude L?~!_~_:tudc bean 'l'DY He an TDZ 

l<i n gs ton 44-13-50. 51 76- 27-3 9 . 65 ::; 0 E: 3 :) • 19 6ti? l5. Ei6 

Cobour~; 4 3-57-22.85 7Cl-09- :5? .1 5 513 26 .09 67U 84.75 

Burl i ngton 4 3-19-29. 2 f) 7s - ·n-3 C.9 <1 ~) .l .:3 7 .2 • 4 ,; 67579.47 

Port Stanley 42-39-32.2 n l-12 -'.tn . 09 s :n 6,~. z 6 67269.90 

Wheatly 42 -03-4 7.70 8 2-27-4[:; . 33 5 2773. 44 669 4 0.36 

'rohermory 45-15-25.00 8 1-39-46 . 52 5 17 49.4,:~ 668 34.05 

c.c.r.w. 4 3-lB-,00.79 79- 48 -13.0 2 SHJ::n . 82 67501.23 

The most obvious variability in observing Loran C 
sets1 as used durin<} these trials> is the short term variations 
or jitter. The readinqs varie d in an apparently random 
f ashion and in most sets the variation is such that 
successive readings usually differed. 

An example o f these short term variations can be 
seen in Figures 2 and 3. These figures show time difference 
values which were recorded at approximately 1 second intervals 

·from the UPN/35 receiver at CCIW. Similar recording s were 
taken for each day's operation in addition to readi ngs at 
.10 second intervals during each day for periods df appr6ximately 
15 minutes duration. Figures 2 and 3 a s well as other 
recordings show that these very short ten1 variations fall 
within ± 200 nanoseconds of the mean value. 'rhese short term 
fluctuations, although not all recorded, were appaiant to 
some degree in all sets used during our trials~ These 
variations can, to a certain extent, be dampened or when 
taking a reading , an averaging process can be instigatec to 
eliminate some variability; h owever, the effe ct cannot b e 
allowed for in monitoring and a good portion o f tl1e ± 200 
nanoseconds must be counted as a possible · random e rror. 

Over a long term period there is also considerable 
variance as can be seen in Figure 4. 'l'his fi<;.;ure .shmxs 15 
minute averages as determined from the UPN/35 receiver at 
CCIW. It should be noted that at this time these readin9s have 
not been cor~ected for any transmitter Variations, however, 
also, any transmitter variation should he readi ly adjustable 
by a monitor correction. 

Again as can be seen on ~igure 4 , tl1e fluctuations 
fall within ± 200 nano~wconds of the daily me an values • 

• • •. • • 6 
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The dailv mean values as recorded at CCIW and 
Burlington are further portraye& on Fi gure 5. This is perhaps 
the most interesting and noteworthy figure as in addition 
to the daily means, it shows the variability of the daily 
mean and the trend that is shown by the observation at two 
locations a short distance apart. As can be seen, the 
recordings do follow similar trends with the variability of 
the daily means in the order of approximately ± 200 nanoseconds. 
The mean daily deviation is in the order of 300 nanoseconds. 

By observinc:;; the variations of both recei Vf..~rs an 
estimate of the portion of this S\·Jing that is due to the 
chain and common propagation can be made. ·;·<hi le this has 
not been done rigorously at time o f writing , the two g raphs 
indicate that for sets about 2 . miles apart, a Substantial 
portion of the variability is conrnon, and therefore removable 
by monitorin9. 

Figure 6 shows the raw CCIW data that has been 
adjusted by subtractinCJ the deviation of the daily mean 
observed at the Burlington site. 'l'he adjusted data lies 
within 200 nanoseconds of the mean in TDY and 120 nanoseconds 
in TDZ. It should be noted t h at these . figuies are for 
receivers only a very short distance apart and then makin<:; 
comparisons between simultaneous recordings at d istances 
of up to 150 miles apart, the trend is not nearly so clear. 
The observations appear to follow a general trend in their 
devi-ations, however, the overall effectiveness of moni taring 
vvould be limited to long term trend adjus tmcn t (daily or half 
daily). It can be said with reasonable certainty that 
monitoring would increase accuracy by a factor of 2. 

Propagation Considera~ions 

One of the main and ~sually the largest factd~ 
affecting ·the accuracy of any electronic positioning system 
i~ the selection and determination of an effective velocity 

. of propagation. This velocity is determined b y comparinq 
computed to observed values at as many points as is pos s ible 
over the area of interest. 

At this time, we have seven geoq raphic :flOsitions 
where Loran C observations were made. 'rhe pos .i tions e1re 
listed previously in this report. 

. .... '"/ 
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For the calculation o£ :n-eC:,j_ ctec:. or con.nu tecJ Loran C 
re aalnQs at ·these points , \vC mu.s t as[oU i'le a certa~.n Vf'! locity and 
then make a con:parison to the o b [::c rve( re<Ht.i.n c!s . :s :10uJ. d tiw 
chosen velocity be incorrect, a ce:J:"t<Lin trend shoul6 :)e obvious 
between the difference, \vhen conmarecJ to Jane nu.rctbcr or t:iriw 

..J • ..c .c c,l.LLerence . 

It should be noted U ,at :C or <·'ach -~ )a ·ct:.ern , ·th ree 
different velocities can be used j_ f reaui rcc~ . Til a ·t is , each side 
of the tr.ian~~ le of each pattern - l·ias·tcr to .Slave - .~lave to 
point - and - !laster to point - uay all h ave cJ :iifercnt velocities. 
From the start .it i~;; obvious that t l:: e J:l;:-,seline Car·e FE~ar to 
Nantucket wi 11 ha v e a hi<Jher velocity, he~ cause of the sea 
water path, Utan the o ther patlw ;ii· ich arc na i. nly over land anc~. 
some fre s h water. 

For our initial calculations we assumed a velocity of 
299,550 Km/sec. for the sea \-Jater path and 299 , 400 for the 
over land paths . With this assumption, a coQparison of cohlputed 
to observe d va lues was made. This listing is shown in Figure 7. 

As can be seen fr om this table, the o bserved-computed 
values all have the same sign, therefore i n dicating a wrong 
assumed velocity. Also the large differences in the T:JL:, pattern 
are no sause for alarm -- it simply indicates that on this pattern 
an incorrect velocity was used on the Mas t er- Slnve base l ine . By 
adjusting the baseline velocity, a constant correction can be made . 

The results of this o bserved-computed table are plo t ted 
against lane number as shown in Fisure 3 . As is indicated on 
the bottom of Figure a I t he figure in paren t lies is are tl ;e fitOni tor 
corrections wLich have been added to t be c' i:L'fe rences o:c l" j_ ~: ure 7 • 
'I'he datum of these corrections is tl.1e nea n o f all o b servations 
at C.C.I.H. 

From this table it can be seen that there is <:~ tren6 in 
the comparisons and basec on all o f these points •de can conclude 
that the error Hhich is introduced b y t :1e c: ·.o i ce o f velocity of 
propagation can be said to be ± 400 nanoseconds on TDY and 
± 200 nahoseconds on TDZ .• 

This relatively large error, especially on ~DY is 
caused mainly by the di splacernen t of the Kin~_; s ton ana Cobourg 
stations. It would be worth while to observe additional p oints 
in this area to confirm or reject these values as it can be 
seen that if these readings were adjuste d ~ .e error introduced 
would be much smaller. 

• •••• G 
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Summa.£Y.:._ 

1) The short term variability (witltin one minute) is in the 
order of± 200 nanoseconds (approximately~ 50 meters). 
This variability cannot be reduced b y monitorinc.:;. 

2) The hourly variability of the signals are also in the 
order of ± 200 nanoseconds. l~pproximately half of this 
variability can be corrected or adjusted by monitoring. 

3) The variability of a period of days or daily variability is 
within ± 250 nanoseconds. No concrete data is available 
to show how much this could be improved by monitoring; 
however, it is estimated that most of it could be. We will 
assume a residual error of ± 50 nanoseconds. 

4) By combining the above three points, it can be said that 
our results show that the repea tabi li :t:Y Of inC..i vidual 
readings of each Loran C pattern in an unrnonitored operation 
would be in the order of ± 650 nanosecon~s or in the areas 
of Lake Ontario, ± 195 meters. 

5) When we consider accuracy we must also allow for errors in 
velocity of propagation as well as plotting errors. 
Assuming a lattice is drawn usin0 the best estimate of 
propagation, the error of ± 400 nanoseconds nust he added 
to the above± 195 meters repeatability fi<;;ure. This Hould 
give an overall accuracy of ± 310 meters in unmonitored 
operation. 

6) In a monitored operation, tl1e expected accuracy should be 
within the order of ± 750 nanoseconds or in the areas of 
Lake Ontario, ± 220 meters. 
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A Simple Subtense System 

by 

J.V. Crowley 

During the 1970 field season, a method of 
controlling large scale sounding operations was used 
by the Canadian Hydrographic Service on wharf surveys 
from Tadoussac to Ste. Irenee, Quebec. For want of a 
better term, it has come to be referred to as the 
"northshore subtense system''. Essenti ally this is a 
slight variation of a method that has been in use on 
the east coast for some time. The interest recently 
shown in the system probably warrants the following 
description. 

· A Boston Whaler, fitted with a Raytheon 
sounder, is manoeuvered by the coxswain, under radio 
direction from a transit-man ashore, onto a pre-determined 
line. At a range of an estimated 700 to 1000 .feet 
from the wharf the launch is brought onto line toward 
the transit. By constantly talking to the coxswain over 
the Motorola PT300, the transit-man is able to keep the 
launch within several feet of the c~ss-hair, (depending 
on sea condition and practice). In lieu of radio 
communication, hand signals can be used effectively. 

To obtain fixes on this sounding line, the 
hydrographer waits for targets. at either end of a 
long subtense bar, to coincide in his sextant. The bar 
is a home-made wooden job of fixed length with a sighting 
targ ·.e t at each en(!~; It should be long for accuracy and 
shrirt for portability -- between 20 and 25 feet should 
be about nominal. I t is si t uated on a previ ously 
located point on the wharf near the trans i t, (usually 
a bol+ard), and kept perpendicular to the launch by 
a man ashore. Figure 1 shows subtense bar as used in 1970. 

The bar has p reviously been calibrated ashore 
with a particular micrometer sextant, over a chained 
baseline of, say, 600 feet. The ang l e measured be tween 
the two targets has been recorded for each hundred foot 
station with an extra one thrown in for a 50 foot f i x. 
For the bar used on the Lower St. Lawrence Survey, these 
angles ranged from 2-04.5 at 600 feet to 25-05 at 50 feet. 
These figures are marked on a tape stuck t o the arm of 
the sextant for instant reference. (After setting the 
same seven angles in sequence for several days, the 
angles tend to stick in the memory as well.) 
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The hydrographer sets the 2-04.5 on the sextant, 
stands over the transducer, and presses the remote fix 
button as the targets coincide in the mirrors. During 
the 10 or 12 second wait for the next fix, the hydrographer 
sets on the next angle, (2-29 for 500 feet). Surprisingly 
the only time the hydrographer is rushed is at the 50 
foot fix and that is easily coped with after a little 
practice. He might also find .himself pressed if he is 
trying to work with a vernier sextant or if he is trying 
to phase when he should be fixingo If there is phasing 
to do, the coxswain should be able to do it. 

No attempt was made in 1970 to run lines away 
from the wharf, but there is no reason why it could not 
work. The time used in steaming full-ahead to the outer 
end of the next line is used by the hydrographer to 
make notes on the graph, (time, fix number, etc.) and by 
the transit-man to set on his next angle and maybe check 
his reference object and level bubbles, and re-align 
the subtence bar. 

Between the 50 foot fix and the wharf, the 
astute hydrographer can usually estimate a 25 foot fix 
and on occassion, a 12 foot fix just before the crunch. 
Interpolation of intermediate soundings after the 25 
foot fix is not valid unless (a) the bottom is flat, 
or (b) the coxswain failed to slow down on approaching 
the wharf. (The latter wharf ramming practice is not 
recommended as much time can be was ted in training 
new coxswains.) 

As the boat approaches the wharf, a significant 
error may be introduced if there is a substantial 
difference in elevation between the bar and the boat. 
This can best be compensated for when plotting the 
boatboard. 

This system is most efficient when large fans 
can be run from each transit set-up. (Fan locations 
need not be limited to outside wharf corners). Transit 
angle intervals on fans run in 1970 varied from 5 to 
2.5 to 2 to one degree. (In one instance, when running 
a fan at one degree intervals, a 14 foot shoal was 
located in 21 feet of water. This shoal, 480 feet from 
the wharf, did not show up on the neighbouring lines.) 
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Check lines were run in a novel, if somewhat 
cumbersome, way. A clothesline wire, measured in 100 
foot lengths, was attached to a bollard at one end and 
to the bits in the bow of the whaler at the other end. 
The whaler was backed off till the wire was taut, the 
wheel put hard over, and the boat allowed to proceed 
crab-fashion, in an arc around the bollard. Fixes 
were obtained from the transit-man a£hore. Arcs were 
run in this manner up to a distance of 600 feet from 
the wharf, (though at this range the 55 hp Chrysler 
outboard failed to keep the wire clear of the water.) 
One weakness of this procedure is that, due to the 
constantly changing course, launch speed tends to vary 
also when there is any significant wind or current. 
To minimize the errors from this situation, fixes must 
be taken fairly frequently. This. method can be 
operated by one man, though two is nominal. (the boat 
drives itself). For a one-man operation there must 
be a varied background some distance behind the transit. 
The hydrographer fixes on random natural ranges, 
using the transit as the front range and a distinctive 
landmark for a back range. The angle at the transit, 
between the reference object and the landmark is 
measured later. This is not always convenient in the 
field and it is inconvenient to plot later, but it can 
be done. Figure 2 shows part of a completed wharf survey. 

Bottom sample locations can be fixed by 
either me.thod. 

The lead line is still needed for soundings 
near the wharf, for shoal confirmation, and for 
obtaining bottom samples. 

Accuracy: 

A valid accuracy assessment of the subtense 
bar under working conditions has not been made, partly 
due to the lack of a more accurate system to compare 
it with. Nevertheless, some feel for the consistency 
of the techniques can be obtained from measurements 
between fixes on the sounding graph. A recent roll 
(Ottawa River, 5/6/71, Whaler #8) was analysed for 
statistical purposes. Sounding lines beginning with 
fix numbers 0, 20, 40, etc. were chosen. The distance 
between the nominal 200 foot fix and the 100 foot fix 
was assumed to be correct. Using a Gerber variable scale, 
the four preceeding spaces were measured at this scale. 
Factors, besides positioning sen~itivity, which may have 
influenced the following results include engine speed 
changes, sounder man reaction time, and course sashays 
while attempting to hold line. Weather was not a factor 
in this instance, nor was current. 
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Figure 1 





77 

True North 

G ~ ,J 
g-- .! · 

J;(i 
~ 11 

'' (.' ~' 

·' 
I 

B~v/cl~,..,y 
1 

I.:: 

J~:{';! I 2 

6 

6 
6 : 

: 8 

6 : 
.· I 

!'. 
l .. : .. : · 

·:~· 

l :+::> .t 
2 

~ ~ . l l io!' 
1 

-:-.!.. 

;!. 

i? 

1 

J. 
! 

j. 

1 

! ::: 

). 
:::I 

L ·.:·:~::. 

i:: 

g <;\ " 
3 

3 
2 4 

2 

2 2 3 

2 

4 

4 

.1 

.J 

4 

II 

5 7 

4 6 •• rs " 
17 

18: 
• 2 1 

17 
• t2 •J 5 <> 6 ... 8 8 II I /3 

<i" 10 
f8 8 17 

,; 

18 :eo 22 2:1 ~23 ~ 
21 1!2 25 2627' 

z• 24 Fs er 
18 : 6: 9 10 

. 8 ., 
6 

· •. 7 

6 
6 ,: 

5 8 

5 
·• 7 '12 

11 

17 

• 21 

18 ; 

! 21! 

/8 . 
: 1!2 

If : 
• 22 

u 
;24 

2! 
1!.4 

2.1 
1!5 

15 : ' 2f 
25 

: 22 
14 ' 22 24 

25 

1!5 

1!5 

25 

ll7 ' e8 3!1 

118 

29 

30 

/ 

34 /39 
I 

96 ,/ 

~-

,/ 31 

I 3? 
5 

8 

8 
/I 

: 22 
• 2.3 24 

26 

26 
30 

I 4? 
6 

4 8 
10 

4 
:,, 

4 
10 

13 

12 

II!. 

21 ~4 
26 

eli 
26 

19 24 6 ··. d 

30 
26 

26 
.11 

J{) 
;!6 

I 

,38 
I 
I 3<'J 

I 

!a7 

44 

44 

.. 5 

<f.:J 42. 
4!1 

~., 

._11, 
(') 

.f2 44 

,. 
~ 

~ 
v 

ll 
~ 

. )/ 
lllf 

,._o; 
I -~ 

0 

..:.~ ! 

. v 
II.' 

,ll 

/

.,fllj 

~ 
'II' 

1
/'1 

. 
v, 

•2 ;: 
4G 

4€ 

.u 

47 

4? 61 

49 

51 

S2!1J 

57 
61 

59 
59 

58 

1 

2 
2 

2 ,J 

~; 

33 (j :'8 
.r(. 

9 ill 
fStill 

8 

16
17

;2123 1!52~--. z, 
15: 1!.2 

2i"fS Jo 
211 

36~ 
I 

45 
48 $1 56 

'6'3 

fs6'• ,.J 
.,,;s l 

1 

ll . ~:~· 
~ 1. .:).: I 

L 

2 ,J 

3 
4 

,J 

4 

5 

5 

6 . 
. 9 

(; : 
. 8 

10 

II 
13 

: 19 

12 
· .. 

6• 
i ll. 

;!7 27 
11.7 
11.7' 

/!J 31 
341 

I 
44 

ec _, 
27 

28 2!1 

3.1 140 42 
I 

32 1 39 
1 

48 

48 
Sf 

IJI 

50 6'6 

50 54 

53 
59 €fi 

li8 64 
53 

57 ~.J 

I 

I 

44 f 8 
/0 

9 

!8 ': 2/J 

11 : ;?.4 

17' , ·2.1 

!G :' 1!3 

;?.6 28 
1!8 

.10 137 
I 

46 
45 
4448 

50 
so 

47 

53 56 ~2 65 

1 

J. 

1 

.:;}'1 

. /' 
· .::· ,2 

·:~ . 

··:::;, 

3 . 

~ 

:;:,.:·Y-; 22 

3 

3 

3 

3 

4 

4 

4 

5 

G (f: 
4 : 8 

55 ... 
4 : '1 

4 
5
5 :. 7 

4 
5· 5 / .. 

9 5 6 • 
6: 
.·· 8 

5 . · 7 
.: 7 

8 
6 : 1 8 

. tsa 
9 6 •· 

7 

9 

9 

9 

II 

II 

II 
2 

2 

3 

4 .. · 7 8 
9 

10 II 

3 

6 . 

6~ · .. · 8 

8 . · ·7 

9 

9 II 12 

9 

" 
" 

IZ 

12 

II 
IG :·22 

26 

11.5 

25 

2ll 30 
/!8 

28 Z92S 

28 ~ 

32 

31 . 

34 I 
I 
\38 
I 

.]$\ 
I 

33 

41 

44 

43 

SJ 

52 53 

5253 

St> 54 54 

55 

54 

54 58 
SJ' 

16 ~ as 
30 

29 29 

I 
, 4o 

\ 

.¥ I 
. 48 .5JI. Fs 

56 

. 5~ 

55 
JO 

1!9 19 
• 21 

!5 f 
19 

etJ 

24 27 30 

/!8 .](1.70 24 30 

$! 

3 1 

.12 

.74 I 
14t> ., 

4$ 

36, 47 

.»,'42 !4 
27 

1!8 30 .JI 
: ' · 

19 
fS 24 29 30 

31 
32 138 

14 /!7 28 30 .JO \ 48 
: 19 23 29 31 .71 ..1..1 ' 44 

54 

51 

49 55 
54 

52 

so 54 

54 

S4 

5$ 

55 

55 

!itO. 56' 
56' 

.5556 

58 57 
56 

58 

5'8 

58 

14 : " 26 27 28 29 fo.!O .Jt ' 3<l .Js1 so 55 
• I!Z 25 29 31 32 .J4 / 

45 
54 

15 : 
9 

;?6 21 .]O 2' / 39 5,J 6'6 

55 
liS 

56 
5G $1\1 

S? 

5' 

~I 

53 

63 
62 

6.1 
&2 

61 

63 
62 

61 

64 ~ 

66
65 

64 66 

67 

65 
64 

66 

69 

6'J 

" 68 
" 71? 

65 .,, 
67 69 

6$ 
C6 

70 

72 

3 

4 

5 

5 8 tO 

• I 2 1 24 ;!8 J() .JI .13 /J7 51 56 

IS l 19 25 26 7 29 .!/0 .71 .13 35 I 47 S4 56 

10 

It/ : ;!I 23H 
2 

.28 .10 J/ ..9/ 3.9 I 
43 

.SZ 
II 16 • /9 S ~ e5 25 S 28 .!IJ' 

32 

1.19 .._, '" 72 

4 
5 7 

s 6 
s I 
5 _ ·' • .., .•.. 

7 

1 

s 
9 . 

9 

/() 

J{; 

tO 

/0 

II lie ,, 
II fS 14 

/Z 14-

12 14 
52 $4 

5 · 2() 2223 U;!7 1!9 35

1 

45 
I : . 19 . ef25;¥ 28c'8 Jc ll 33 ,'_,? 41 

15 ;,; ; 20~Z 23.11'9 "'":... IS 30 31 .12 .!141 49 
56 

.5? 
117' 

5? 57 
6'8 

60 &J £.5 406 '8 7~ 
7

' 
,, 67 ,, 73 

!1',9 '~ 61 61! 73 

., 
· ASPHALT L~ 
~SURFACE' 
9S 

9 
9 
$ 

14 
.. • 20 e4 ,P? 29 31J/ .711 / 41 45 

16 .·1, ...... i,.., .!'~6 · 27 2933.!11 s 
1
.!18 48 

16 : . 20~ "'% 27 1!8 2S .12

32 
.J<I. I 

41 

44 
/7 , /9 /!IN, .t/1 'j0 27 28 .JO 

3
!1 \.17 

49 

.S.J .s.; 
: 20 zz!~/9·" ~~0 J!.5 

2
" 28 J' .!II 41! .4$ 

17 · •· Ill Z2 ,.,.: '·13 .a.r 2 7 0'8 ~ .!1$ 1 .19 55 16 

II: 2, ,"f"'i." ·~; ~ ~ 1!9 .30 32 \.1e .,2 45 ""' ·
51 54 

5,. 51' 5? $8 

52 55 540 

57 $8 59. 5S 

58 . 53 r.o 

· 64 
,r.e 6!1 

~ u · u ~ u u o ~ n 
7.1 

64 
;;5 " TO 

£.2 62 63 /() 

10 II 
/0 

II 

~ 
1/ 

13 

13 

7' 
9 

9 
/() 

II 

;2 

t3 

10 

12 

II 

- ~19'(!,19 ',jlf, ~ l ~ 27 .!.9 J/ a,J $ 1 s.... ..• . . ~ eo''~,;: ~; 24 27 /!!1 .31 j.J 35$1.18 41 44 47' 50 54 <HS 8112 • , It;. 22 2 7 l!lJ ,361 48 
196 9 .. "' 1?19 20 . : .. 1!7 28 31 .33 35' 1.>7 44 

16m ·· • : GS 
3~3 .12 <:.38 40 43 45 48 54 

Fl G6U~<: 'S 
1~' 18 15, .I !I 30 .]

4
.14 .1GJ 

39 44 

48 '61) Sf .54 56 z•ft. "' i .' : 1!5 e7 
29 

33 /

38 

4141 

44 

57 ss 
57 59 

56' 58 

5!1 r.o 'tto 
~ co 

" 
" 
&2 

<il .,., " ~ ,., .s 73 
~ " 7.1 ?3 

7!1 
a n 

"~ q64-

"U"u~Muo 
74 

72 73 

13 M 
/6 13 

. 1517 .. .. 'e:J e• .uJ a1 M 36.3.9 
46 

49 !1'• 58 , ... ,,., ,.,'> u $Q """ ~ ~ ~ . "u" ... 
. i 21!18//t#j/!.31!452~6a!!.!'8.10 .33 34 x;'.JH' 38..]9 .42. ' 44 61 ~ p 

.· 2o: ··~ i14 R 0 . · 47 64 ~·~·Jl···if." 0< M ,;..,, "/~ 3? ~ W <a.,_ .. G' ,...., U S "<4 «4 •; <s «" ~ "M ·" ·§"'·: • ;;.:. ·;. » 8 3 " " "" a · • " • 

u'~ ,.,. ~· ,5 " 68 409 rs 
"",;s T1 12 

13 12 
j ' II 

14 13 

13 ,, 16 

15 
• 11 I(; 
·· .. ··'6'··. 
2 · .. 7 

17 

» ;. :: 1:-:;t;J·}j it:: :: Jf ! ::: ;;: ... , " .. ., .... ~" " ~ ·:. "' .. .. s ' ., ~ ~ '1, 
" • • ~· k . ~ N ~ U • # M H, » g .. Q <5 U < · .. .. 

ff ' M ~.:'fl ~"'-,;• ~ ~ <' ' ~ U MM :ff ;,• " << ~ " <' .. " <> U ., .. b ~ # H 

66 67 63 74 
71 72 

74 

l(f;,!? z 10 

I

~ : a 

2

" MI!D /

1 

Zo ll;u .;l" 23 <?6' 

2

.9 .!JI 83 .J5 \ 4/ 44 :: 52 55 £a 64 6$ 67 '1' ?f S 7.t. • • >> ' 0 - M _, M & G <> - <0 • ~ G 
• ' " """~-·~..-· ~ " " ~ .ars 3 '"' " u s9 ~e ....... :'~ " . " -, ., . . " ' ., . '· >8 •• "· ;;, ..... • :~ #' ,J' K ~ RM X> H U > • 

18 18 .., .. , ""la.eo 22 2 5 27' Jo .14 .33 '_,,. 44 49 se 

,. ..... ,.~ _.. H H ~ m ~ ' ., M " /i' Figure 2 ' • " ·. ~ • • ~~ n , ~ "n x' d ~ " " ·. · .? I 

4 
I 

2 

·. I 

,y'· •. 

4 
.'1 

o: 
2 6 6 .... 

3 c7:·8 
4 ' 

161611 t7 tB'

19 

"" 23 2 3" '
38 

~~ 51 /3 15 '·. 1.9 I,P IN ~ 28j' 31 35 '. 40 49 54 58 

4 K :> " >' '~ = ~ PU .. ~ J0 # ,_, $ Q> ' 
0 

"·& ~ ~ ._, n 'u • ~ ~ ' '" " O ... " ., 0 ._ '- ~ U ~ M : ~ " s:S 

3 

2 5 
6 

;; ': .. " 

W ~ . , '- '> 2< .. .. _, M' ''" &> « 14 15 
1

40 11. 17 · ·18 ee S .M .J'J 

1 

45 56' 

' • ' 0 ,_ " ¥ ,_ '$ .. " M 
"•,,.,,.. 4 "•••" • 2< '- _, M O &_, S., ~ '" 

7 fS ) 15 I& 
17
rs • "· 19 e1 .!!6', 4 1 43 

14 13 12 14 15 17 !8 \ 1!1 I!S 28 ,SI! I 4/ . 
• IS 22 

'" 18 ; 

U! 
'3 

65 
(,;6 

69 

"I 
7/ 76' 

13 ,.. 

75 

75 





---· *·-, ·~····~--~-~~--:~------- ----= . ..;......-=- / / -=::-:~~=;&------~"--7'"-· --- -~=·-~~~3??~:~~~~~~,~--/· • / . ~=~"""'~=~~===:'~"' 4.-?~~ --"~--~-.._c =· •· :···""-"-".~~"\• ,/ '\ ~---·~ -o~~· .---=-----== 

~~!:~::=:~_::. 
-. c~-.c_ . ·-'"-~~~~~~~--=------ ------
----- -~~~~-~§--_g 

~~r . ..., 
r 

·=---~:=:::::t::: 
·--"-

____ --~-

- ·=t 

====-:--

'· 

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

. ---==-...:..-::=..;.::·=---=-=~ 


	Foreward

	Letter to the Editor

	Contents

	Evaluation of the Klein Associates Side Scan Sonar

	Navigational Ranges Survey

	Satellite Navigation

	The History of Hydrographic Surveying in British Columbia

	Preliminary Results of Loran C on the Lower Great Lakes

	A Simple Subtense System




