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THE MOST ADVANCED, COMPREHENSIVE, 
PRECISION ECHO SOUNDER FOR HYDROGRAPHERS 
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KELVIN HUGHES MS48 

AN ENTIRELY NEW DIGITAL 

ELECTRONIC UNIT HAS BEEN 

DESIGNED TO OPERATE IN 

CONJUNCTION WITH THE 

MS48 TO PROVIDE DEPTH 

RESULTS FOR USE INTO A 

COMPUTER AND ASSOCIATED 

PRINT-OUT EQUIPMENT AS 

DESIRED. 

The MS48 has been designed to meet the latest requirements for precision surveying in shallow and medium 
depths. Prior to its launch it successfully completed extensive sea trials for the Hydrographer of the Royal Navy 
and it is intended to fit it in all classes of RN survey vessels in place of the Type 771 and Type 772. 

The MS48 has four depth scales, 0-20m, 0-40m, 0 -SOm and 0-200m. Each can be phased in six steps to maximum 
depths of 80m, 160m, 320m and 800m respectively. A unique feature is that the scale and phase in use are a4tO­
matically shown on the record by coding marks. Another innovation is that the minimum and maximum depths 
which can be recorded with the range and phase in use are visually indicated. The recorder employs 1 0" wide 
paper with straight line recording. 

A highly stable but variable speed motor drive system has been developed to enable the surveyor to set the 
stylus speed to correspond to the prevailing velocity of sound; this veloc.ity is clearly displayed on a digital 
read-out. A separate digital equipment has also been developed as a compatible unit. 

Changes in depth range are made by altering the frequency of the motor supply, thus avoiding the use of a 
change speed gearbox. The paper is driven by a separate motor, unaffected by adjustment of stylus speed. 

KELVIN HUGHES 
A DIV ISION OF SMITHS INDUSTRIES NORTH AMERICA LIMITED 

716 GOLF ROAD, NUN'S ISLAND, MONTREAL, P.O. . 



Mini-Ranger 
Position 
Determining 
Systems 
THE MINI-RANGER III TM position determining 
system can tell you exactly where you are ... 
on boats, dredges, helicopters, instrument recording 
trucks, or other survey vehicles ... at ranges from 
100 feet to 100 nautical miles. And with probable 
range error of less than 3 meters at 20 miles. 
The basic system consists of a lightweight, portable 
range console, plus a small receiver I transmitter and 
two reference stations each weighing less than 8 lbs. 

FAST SETUP. Time to make initial installations 
or to move the entire system from vehicle 
to vehicle is measured in minutes ... not days. One 
person can install the lightweight reference stations, 
attach the auto battery (24 vdc) power source, and 
leave them to operate unattended. 

CUTS COSTS. Easy to operate. Easy to maintain. 
Several mobile consoles can operate with a 
common network of from two to sixteen reference 
stations. 

GROWS TO YOUR NEEDS. The basic Mini­
Ranger III accepts a long list of options ... many 
can be added in the field ... to extend operating 
ranges from a standard 20 nm, increase 
repeatability, reduce range error, save reference 
station battery power, record data (hard copy 
or magnetic tape), troubleshoot in the field, measure 
bearing, steer predetermined courses, and select 
power sources. 

APPLICATION: 
0 Measure ship 

0 Locate seismic shot performance in 
points. sea trials. 

0 Profile ship channels 0 Provide environmental 
and harbors. impact data. 

0 Monitor beach 0 Position dredges. 
erosion. 

0 OTHER: 

NEW DATA PROCESSOR. Now you can 
automatically compute X-Y positions in real 
time and record data on magnetic tape in the 
field. The data processor ... using the latest 
microprocessor technology ... allows you 
to expand Mini-Ranger III into a data logger 
or field computer system to correlate and record 
survey information or convert ranges to any 
coordinate system. 

CALL US FOR MORE INFORMATION. 
Telephone 602/949-3181 for complete details: 
More than 20 functional building blocks to tailor 
a system to meet your individual needs. Or 

~ 

write Motorola Position Determining Systems 
(MD3240), P. 0. Box 1417, Scottsdale, 
AZ 85252. For fast problem-solving in Europe, 
Telex Motorola: Bonn, TLX 885441 • Geneva, 
TLX 23905 • London, TLX 82437 • Paris, 
TLX 250783 • Rome, TLX 68273 • and 
Utrecht (Neth.), TLX 47012. In North America: 
Toronto, TLX 02-29944 • and Scottsdale 
(U.S.), TLX 667490. 
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Location 

Beaufort Sea 
Orinoco River, Venezuela 
Mazaruni River, Guyana 
Richards Bay, South Africa 
Monrovia, Liberia 
Caracas, Venezuela 
Puerto Ordaz, Venezuela 
La Guai ra, Venezuela 
San juan, Puerto Rico 
Caparra Heights, Puerto Rico 
Ra ngoon Burma 

Caicos Islands 
Pohang Area, Korea 
Australia 
Kena i, A laska 
Coasta l Virginia 
New York City 
Fort Erie, Ontario 
Port Dover, Ontario 
Sheally, Ontario 
Manitoulin Island, Ontario 
T obermory, O ntario 

Blind River, Ontario 
Port Alma, Ontario 
Nanticoke, Ontario 
Cooksville, Ontario 
Scarborough, Ontario 
Niagara Fall s, Ontario 
Parry Sound, Ontario 
Chippewa, Ontario 
Chibougamau, Quebec 
Churchi l l Fall s, Q uebec 
Montreal , Quebec 

Goose Bay, Labrador 
Come by Chance Bay, 
Newfoundland 

Placentia Bay, Newfoundland 
Kootenay Lake, Briti sh Columbia 
Minas Basin 
Arctic Islands 
Great Slave Lake 
Athabasca River 

Marine Surveys and Services 
Applications 
Dri II rig site investigation 
Submarine pipel ine and 
cable routing 
Port location 
Pre dredging surveys 
Engineering surveys for 
harbour, port and 
terminal development 
Delineation of alluv ial 
lllineral deposits 
Analysis of sediment 
stratification, buried 
channe ls, faulting, and 
bedrock surface 
contours 
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Your position will be 

Righ 

with the NEW ComDev Trisponder 

@ 1-metre accuracy @ self-contained rechargeable 
battery operation for remotes 

@ 5-kilometre range 
@ rugged waterproof construction 

@ 0 .1-metre reso I uti on 
@ 100/1000 sum digital averaging 

i 
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COMPUTING DEVICES COMPANY I ComDev I ~·1m; I ;tj 
A D IV ISION OF CONTROL DATA CANADA, LTD. 

HEAD OFFICE- P.O. Box 8508, Ottawa, Ont. K1G 3M9. Tel 613-596-2837 REG IONAL OFFICES - Dartmouth, N .S .. Vancouver, BC. 
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Introduction 
Perhaps superstition should run in the publication 
of journals as it does in the construction of 
mul tistorey buildings; however, here 1ve are with 
Edition 13 of LIGHTHOUSE. Arcticles presented in 
this edition cover a variety of topics ranging 
from chart scales to a geoscientist's views of 
hydrographic surveys. They should give each of 
our readers something of interest and, hopefully, 
an opportunity for discussion and comment. If 
this is the case and you would like to make your 
views known then please express them in a "Letter 
to the Editor". 

A few changes and additions have, as you will no 
doubt notice, been made to this edition of 
LIGHTHOUSE, al l aimed at improving the overall 
quality of the journal. The layout and produc~on 

EDITORIAL 
Three major Canadian government initiatives have 
lately caused some concern in the chart making 
business. The first of these has been metric con­
version and the second has been bilingualism , The 
third has been the anti-inflation initiatives 
whic~ somewhat ironically, have made it difficult, 
if not impossible, to carry out the first two. 

In responding to a government's initiatives, a 
hydrographic office will ofte n b e required to 
develop good justification in order to obtain funds 
to carry out these policies. In the case of met~ 
ric conversion, there are some interesting argu­
ments. One such argument is that conversion must 
be all done at once or else the navigator will 
fall off the end of his fathom chart and land with 
a solid thump - or will it be a splash? - on his 
metric chart. It is supposed that this argument 
is given support by Sweden which changed from 
driving on the left-hand side to the right ~hand 

side in one night. But navigators for years , at 
least in Canada, have blithely stepped from fathom 
chart to feet chart and back again. So is the 
change from one set of units to another really a 
cause for concern? One must argue that the hydro­
grapher must minimize any possible cause of error 
that may endanger the navigator . 

Being such an advanced hydrographic country!!!, 
Canada had already gone to buff for land tint lvhen 
metric conversion came along and so could not, as 
some other nations have done, use the change of 
colour from black and white to warn mariners that 
they had a metric chart in their hands. Instead 
Canadian metric charts state METRIC/METRIQUE in 
magenta - or is it nautical purple now, along the 
border. 

Which brings me to an issue which has virtually 
kept the International Hydrographic Organization 
going for all these years - the matter of language. 
If every navigator understood Esperanto there 
would be no problem but that is not the case and 
navigators seem to prefer to work in their own 
language. If though, they " go foreign", they are 
obliged , to use a chart from one of the countries 
that chart on a world-wide basis. Even then they 
have quit·,;, a choice - English, French, German, and, 
I believe, Japanese and Russian if they can get the 

techniques have been changed and, for the first 
time, advertising space has been sold. This latter 
move seems to have been well received. Three col­
umns- News from Industry, News from C,H.S., and. 
C.H.A. Personal Notes - have been added, admittedly 
with a sparcity of copy. However, we hope that 
their very existence will generate contributions 
for future editions. We intend to solicit material 
for these columns but please don't feel that you 
must wait to hear from us. No doubt the scope of 
this "news" section will broaden to include inter­
national, .conference and other aspects of hydro­
graphic activities. 

Edition 12 of LIGHTHOUSE seems to have been well 
received. We hope that you are even more pleased 
with Edition 13. 

charts. Canadian hydrographers, along with the 
hydrographers from South Africa, have a particular 
problem, they must show two languages on their 
charts. According to the law of the land the 
travelling public may receive service in either 
of the country's official languages. 

It is true that two sets of charts could be prod­
uced, one in English and one in French, but at 
double the cost of charts in one language -
double the initial production and double the 
maintenance. Instead Canada chooses to produce 
bilingual charts, although Sailing Directions are 
produced in each language (one wonders with a 
rather anglophone bias, whether there is much sale 
on the French editions outside of Quebec). The 
matter for discussion is whether the navigator is 
best served by the bilingual chart with respect to 
safety. At present, a debate rages in Canada 
over whether control operators at airports should 
carry out their work in both languages. Major 
disaste rs are prophesied if the control language 
is not always English. Certainly there are re­
ports of misunderstandings aboard ships caused by 
language differences. On going some years ago to 
survey an area of the St . Lawrence just by the 
pilot station at Les Escoumins, the first thing I 
saw was a fine white ship - high and dry on the 
rocks. Local gossip had it that what should have 
been "gauche" was taken as starboard by a Spanish 
quartermaster! For those in touch with the Can­
adian maritime scene, that ship was later named 
"ANS\'IER" and in her capacity as a runaway ship 
caused some red faces in Canadian government 
circles. 

One of the most important aspects of the carto­
graphers skills is that of presenting data c l earl y. 
Hydrographic data is by itself very detailed and 
it is the work of an expert to present this clear­
ly so that the navigator in fa i r weather and foul, 
under dim lights and beneath coffee stains can see 
"where the rocks ain't"! Add to this another 
language, so that d epths in f eet are doubled as 
profondeurs en pieds and mouillage interdit i s 
doubled as pr ohi bited anchorage, and the question 
stands out - " I s the safety of the majority of 
mariners being jeopardized in order to satisfy the 
requirements of a few?" 



"Range Holes" and what to do 
about them. 

THOMAS P. GILB and 
GARTH F.C. WEEDON, P.Eng. 

Motorola 

' While using a microwave positioning system for 
hydrographic surveying, have you ever experienced 
a situation in which an otherwise perfect survey 
suddenly went "bad" b ecause of loss of signal from 
one of the reference stations? After checking all 
batteries and the equipment, and confirming you 
are within the system's range capability, you find 
you are still in trouble. However, subsequent 
change in boat location causes everything to re­
turn to normal. You have probably experienced a 
"range hole" . 

What happened? 

A range hole is caused by interference between the 
direct signal arriving at a receiver and a signal 
reflected from the water's surface or some other 
object. The phenomenon, usually referred to as 
multipath , is common to all radio systems (radios, 
radars , positioning systems, etc. ) that operate 
at frequencies where the primary propagation mode 
is line-of- s ight. 

In hydrographic applications, the primary source 
of reflected signals that cause range holes is the 
water's surface. 

I n analyzing refl ection from the water's surface, 
only one r efl ection path needs to be considered 
b ecause of t he property that radio waves must 
l eave a r eflecting s urface at an angl e equal to one 
at which they arrived. For given heights of the 
measuring station and reference stations above the 
reflecting surface and measuring station to ref­
e r e nce station separation , only one point (area) 
on the s urface will satisfy the equal angl e con­
dit ion . The poi nt at which the equa l angle con­
dit i on is satisfi e d i s called the reflection point. 
The situation is illustrated in Figure 1 . 

Figure 1. 

REFERENCE 
STATION 

.It will b e conve nient for disc ussion purposes to 
assume a tran smitter i s l ocat e d at the measuring 
station a nd a rece iver l ocated at the r eference 
station. This will not affect the results because 
r a dio waves will tra vel the s ame paths independe nt 
of the direction of travel. 

The effective signal seen at the receiver will be 
a composite signal whose strength depends on the 
strength and phase relationship of the direct and 
reflected signals at the receiver . 
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The strength of the reflected signal is primarily 
determined by the angle at which the signal arrives 
at the reflecting surface (the smalle r the angle, 
the b e tte r t he reflection) and by the physical and 
electrical properties of the reflecting surface. 
A good reflecting surface is one that is smooth and 
has a dielectric constant significantly different 
than that of the atmosphere. Water (whether 
choppy or not) is a very good reflecting surface 
at angles of 2° or less, a condition that is met 
i n most hydrographic applications. Another factor 
affecting the strength of the reflected signal is 
the attenuation due to the additional distance 
travelled by the reflected signal ; however, for 
signals reflected from the water, this factor is 
normally negligible . The distance travelled is 
usually only slightly longer than the direct path; 
often the extra distance can be measured in cent­
imetres. 

For a low angle reflection from a water surface, it 
is normal to assume that the reflected and direct 
signals will a rrive at the r eceiver with nearly 
equal strength. 

The difference in phase at the receiver is caused 
by two factors; the two signals have travelled 
slightly different distances to the receiver thus 
arriving at diffe rent times, and t he reflected 
signal undergoes a phase change at the reflections 
point. At the s mall r e flection a ngles common in 
hydrographic applications, the phase change occurr­
ing at the reflection point is very close to 180°. 
Assuming the phase change at the reflection point 
to be a constant, then the relative p hase of the 
two s ignals at the receiver will be a function of 
the e xtra distance travelled by the r e fle cte d sig­
nal , Under these conditions, destructive i nter­
ference will occur when t h e path l eng t h diffe r ence 
between t h e direct and reflected paths is a mul­
tiple of the system' s wave l ength . (Note : Wave­
length (A) is equal to the speed of light (c) div­
ided by the system's frequency of operation (f)). 
That is , destructive interference will occur when 
the distance t ravelled by the reflected s igna l 
minus t he distance trave lled by the direct s ignal 
e qua l s kA whe r e k = 0, l, 2, 3, .... As the path 
l ength differe nce chan ges from an e xact multiple 
of the s ystem' s wavelength, l ess interfe r e n ce will 
occur; indeed as t he path l ength difference approa­
ches an odd number of half-wavelengths (l/2 A, 
l-l/2A, 2-l/2 ~ , ... ) the reflected signal will re­
i nforce the direct s ignal and the resulting signal 
will be stronger than the direct signal a lone . 

Figure 2 represents a pictorial summary of t h e eff­
ective pattern of an omni a n tenna in the presen ce 
of r e flected signal from the water ' s s urface at a 
reasona ble distance from t h e station. The dashed 
line represents the coverage that would be obtained 
in the absence of reflection signal. The overall 
e ffect of the refle cted signal interference is to 
break up the original antenna pattern into a vert­
ical lobe structure . 

At ranges ~nd a l t i t udes where the reflected s i gnal 
reinforces t h e signal, the syst em range i s increas­
ed. Theoretically, it can be doubled at t h e peak 
of a lobe whe re both signals are in phase; at the 
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Figure 2. 

ranges where t he direct and reflected signals tend 
to cancel, t he system' s range is reduced. A sig­
nal loss-- range hol e--will occur when the signal 
level is r educed below the sensitivity of the 
system. If a n omni antenna is assumed t o be loca­
ted on the measuring stat ion and a reference 
station is assumed to be located at the range a nd 
elevation indicated by point A in Figure 2, t hen 
the system could be expected to obtain data at a 
range in excess of the syst em specificat ion. If 
t he measuring station begi n s to move closer to the 
r eference station, it woul d be expected to lose 
data from the reference station near the point 
marked B, wher e dest r uctive interference from the 
r e f lected wave would reduce t he signal below the 
system's sens itivity. If the range continued to 
close, t hen the data would again become available 
a s the system moved i nto the second a rmof signal 
r e inforcement. 

A second point to be noted from Figure 2 is that 
first l obe o f reflection s ignal modified antenna 
pat tern is tilted upward, leaving an area of re­
duc ed s ignal level near the surface . Thi s is a 
direct r esult of the 180° phase shift that occurs 
at or near t he reflecting surface , cau s i ng a s ignal 
cancellation r equired to occur near the reflecting 
surface. This tilti ng will require s t ations (re­
quired to be used at maximum range) t o be raised 
h i gher than the line-of- sight would require. 

What can he done about mnge hole,? 

There are four basi c t echni ques t hat can be used 
to minimize or e liminate the detrime ntal effects 
o f range holes. 

The fi rs t i s t o select r eference s t at i on l ocations 
a nd e l evat ions t hat prevent range holes from occur­
ring in t he work area. This techni que is a lot 
easier to describe than to i mpleme nt. In a fi eld 
stati on , the availability of suitable reference 
sites i s normally severely l imited by accessibility, 
line- of- sight , and suitabl e geometry consideration s . 
The heigh t of these s tations can , however , some ­
t imes be controlle d.Of ten an elevat i on diffe r ence of 

2 t o 4 metres can make the diff e r ence bet ween hol es 
or no ho l es i n a work area, This approach r equires 
an ability to predict t he l ocation of range ho l es. 

In some instances, t he manufacturers o f the posit­
ioning system can provide range hole charts for a 
particular syst em i nstalla tion . A sample chart 
as p r ovi ded by Mot orola for the Mini-Ranger I IItm 
posi tion determining system i s shown in Figure 3. 

PREOlCT EO SlGNAL CAN CELLATION REGIONS 

9. 00 12. 00 
RANGE (KM ) 

Figure 3. 

C- BPH:l 

' 00 

The chart is drawn assuming the measuring stat ion 
antenna fixed-~in thi s case a t s i x metres above 
t he water's surface .as would be the case for a 
small s urvey boat . Heights of the refer ence sta­
tions are shown on the verti cal axis i n metres, 
the hori zontal axis is range in kilometres. Heights 
shown are measured from a reference l i ne t hrough 
the reflection point (assumed t o be the on the 
water's surface). The effects o f curvature o f the 
earth and the refraction coefficient o f a s t andar d 
atmospher e have bee n i ncluded i n the construction 
of the chart. 

The areas on t he chart where destruct ive interfer­
ence can occur are identified by t he path length 
difference that caused t hem (0 \, l A, 2A , e t c.). 
The wi dt h of an actual "hole" in the fie l d wi ll de­
pend upon many factors, inc l uding t he range between 
measuring station and reference station, the trans­
mitter output power, and the r eceiver sensitivity 
to name some of the most i mportant . The width 
shown on t he chart was arbitrarily selected as the 
point where cancellati on woul d reduce the system's 
maximum range by l / 2 (a s i gnal strength reduction 
o f 6 dB) a ssuming perf ect r e flection f r om the 
water's surface. 

Normally only the 0 A, l ).,, and 2)., areas need concern 
the system user . The higher order holes occur at 
close range where t he system will normally have 
very strong s ignal , a nd the reflection angle i s 
getting significant , reducing t he amp litude of the 
refl ect e d signal. The holes, if they exi st,. will 
be very narrow . 

For situations where range hole charts are not 
available , the f ollowing t wo formulas that assume 
a f l a t earth can be used to estimate t he approxi­
mate locations of the centre o f r a nge ho l es and the 
centre of l ines of maximum s ignal s trength: 



L Lines o f minimum signal 

2. Line s 

Where: 

hl n>.R 

~ 
of maximum signal 

hl (2 n + l)A R 

4h2 

height of one station in me tres 

height of othe r station in metres 

>. wavelength of system as defined 
above i n metres 

R range between station in metres 

n integer identifying holes (1, 2, 3 
. .. ). 

Figure 4 shows a comparison between the centre of 
range holes computed from formula 1 and the values 
determined by a computer f o r a curved earth f o r 
t he same conditions used for Figure 3, where: 

h 2 ; height of measuring station 
5 metres 

";\ 5.4 centi metres (f ; 5500 HHz). 

10 11 12 13 14 15 16 17 18 

RANGE (Km) 

Figure 4. 

One o ther consideration needs to be di scussed i n 
the prediction o f the l ocation o f range ho les. An 
i nspecti on of Figure 3 i ndicat es that the l ocatio n 
o f range holes move signi ficantl y depending on the 
he ight of the system' s antennas above the reflect~ 
ion surface . The measuring stati o n is normally 
locate d on a boat in hydrographic s urveying 
applica tions a nd the h eight of its antenna off the 
wat e r i s usually r easonabl y fixed . The ref erence 
stations, however , are normally established on 
s ho r e r e f erence points a nd their h e i ght abov e t he 
water 's surface will var y with the state o f the 
tide. This will cause range holes t o appear to 
move around as the t ide changes a nd i s the r e ason 
why many times a vessel can operate in an area 
wi thout trouble and come b ack later a nd b e tot ally 
unable to f unc tion. A s imilar s ituation a l so can 
e xist wi th vessels , s uch as hopper d r e dges , t hat 
have l arge changes in draught during a n operation. 

With these f act ors i n mind, l et ' s consider some 
o the r approaches f o r dealing with range holes . 
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A second approach that can be used with position­
ing systems tha t permit multiple r eference stat­
ions , such as the Hi ni-Ranger III (up to 16 r e f­
e r ence stations), is to select mult iple r e f e r ence 
s i tes that will allow one set of stations to cover 
t h e range hol es in the other . This solut i on a l so 
s u ffers in practice from the l ack o f availability 
of suitable r e f e r ence station sit es. However, a 
success f ul variatio n of this s cheme is to establish 
two reference stations on the same site at diff­
erent elevations. 

A third approach that can b e used with systems that 
have small antenna units t hat can b e r eadily moved 
is to mount the unit on a moveable track on t he 
mast so that it can be raised or lowered to take 
advantage of the range holes sensitivity to 
height. Th is techni q ue has b een successfully used 
with the Hini~Ranger III where an occasional 
a djustme nt will eliminate a range hole problem. 
Typical applications include survey vessels that 
r equir ed occasional hei ght changes to account f or 
t ide changes or for a coring or bottom~sampling 
vessel that requires posit ion f ixes separated by 
reasonable i nte rvals of time . 
None of the a bove sol utions are real ly satisfac­
tory for a modern hydrographic vessel tha t uses 
computer~processed p osition data i n r eal time to 
control t he survey . Such a vessel is capable of 
rapidl y covering a large area in a short t i me and 
t he n moving t o a new a r ea . 

A fourth approach t o solving the r ange hole problem 
is a n automatic "spa ce diversity" system. Thi s 
t echnique has been implemented as a f i e ld-installed 
option on Hini- Ranger III p ositioni ng systems to 
meet t he needs of thi s type of vessel. The 
approach i s an adaptati on of a technique long used 
in the microwave communications f ield . The syst em, 
as imp l emen ted by Hotorola, consists o f placing 
two a n tennas (receiver/transmitter assemblies -
R/Ts ) on the vessel's mas t at different h e ights 
t o tak e a dvanta ge of the range ho l es sensitivity 
to ant enna height. Both units continually moni­
tor received signal s trength from t he reference 
s t ati ons. These outputs a r e compared and the R/T 
with the ·strongest signal i s used to interrogate 
t he r efer ence s tatio n f or range. 

Anal ys i s of range hol e charts and f ield experien ce 
has shown tha t a vertical separation of about 
5 metres is a dequate to virt ua lly eliminate the 
range hole problem. The technique has been s uc­
cessfully applied for several years on a numbe r 
of a utomati c hydrographic systems . 

A uote ou other sources of reflected siguals 

Signa l s r e f l ect ed from sources other than the 
water ' s s urface can cause ran ge holes ; e.g., 
bridges , s hips , and oil tanks . Th e mecha nis m 
causing the range hol e (that i s , destructive 
interfe rence between the direct and ref lected 
signal ) i s the same as with the water sur face 
reflections. However, the ante nna lobes a r e p rim­
ari l y hor izon t a lly spaced i n s t ead o f vertical l y 
spaced as with t he water reflecti on . Verti cal 
space d i versi ty t echniq ues are ine ffective for 
these types of range holes. Fortunately, the 
path-le ngth difference from these sources i s gen­
e r al l y much greater than the path length differ-
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ence of the reflections from the water's surface. 
These greater path-length differences allow posit­
ioning systems that utilize the pulse time-of­
arrival methods for determining range, such as 
Mini-Ranger III, to discriminate against reflect­
i ons from these sources because of the later time 
of arrival of the reflected signals. This equip­
ment is unaffected by reflected signals with path­
length differences greater than 100 metres. Other 
techniques that can be used to minimize the effects 
of reflected signals from these sources are care­
ful selection of reference station sites and the 
use of directional antennas on the reference 
stations. 

Conclusion 

The existence of range holes covered by signal 
reflections from the water's surface can seriously 
affect the operation of hydrographic surveyors 
using accurate line-of-sight positioning equipments. 
However, techniques for identifying and eliminating 
the detrimental effects of range holes do exist . 
In particular the automatic space diversity system 
has the capability of reducing this problem from a 
major headache to a very occasional minor annoy­
ance. 

I'm telling you Captain, 
you can't see these Range Holes! 



Modern Hydrography as seen 
by a Geoscientist 

Comments on the occasion of the Canadian Hydrographic 

Service Planning Meeting, Ollawa, October 30, 1973. 

B.D. LONCAREVIC 

Atlantic Geoscience Centre 
Geolagical Survey of Canada 
Dartmouth, N. S. 

Catapulted by the engageme nts of the last global 
wa r s , t h e world has moved r api dly toward s a n in~ 

creasingly complex interdependence. This process 
has been accelerating during the past ten years 
and its significance and implications are penetrat­
ing public consciousness . We are all aware of 
global nuclear strategies of the sup erpowers. The 
artificial sate llites have bound the world cornrnun~ 
ication into one vast c ommunica t ion ne twork. The 
pop ulation pre ssures h a ve t ransce nded na tio n a l and 
r e gion a l bo undar ies a n d have become e ver yb ody 's 
problem. The availability of resources and the 
equality of standards of living have become factors 
in one global economic equation . The wo r ld is be­
corning an integrated system. 

The increasing c omplexities o f g lobal interactions 
a re a l arge scale manifesta t ion o f the pro g r e ss o f 
huma n e vo lution . As the orga nis ms evol ve they b e ­
c ome mo r e c omp lex, mor e s ophisticat e d , more sen~ 

s itive and more i n terdependent; the ir a c tivities 
f o llow a parallel course. Societies are also gov~ 
e rned by the laws o f e volution. As a result we 
are now entering a p hase in which simp l e , straight­
f o rward answers are b e coming nearly impossibl e . 
Is it desir able t o develop hydroca rbon r esources 
of the Arctic? Should we build s upe rpor t s ? Sho uld 
we a llow wi n t e r shipp ing i n the Gulf of St. Lawr~ 
e nce ? Sho u l d we a llow offs hore drilling i n t h e 
Beaufort Se a ? In the St r a i ts o f Ge orgia? No 
group working withi n a single technical or scientif­
ic discipline can provide substantial answers to 
que stions like these. We have to see k partia l 
answer s fro m r e lated d i sciplines and have t o learn 
t o assemble t hes e par t i al a n swer s s o that deci s ions 
f or action can be made. 

Re l a t i onships b e t ween Hy drograp hy a nd Geosci en ce 
are so c l ose t hat t he r e i s a q uestion whether we 
are tal king about t wo related disc i p line s or about 
t wo aspec ts o f the same discipline . Traditionally, 
t he two ha v e been s eparate d a long o r ganizational 
lines (as i s the cas e i n Canada today ) o r accor d i ng 
t o the typ e of p e r s onne l enga ge d (c i v ilian versu s 
mili tary ) . I t i s t herefore necessar y, f rom time 
t o t i me , to remin d o ursel ves j u st h ow close t h ese 
conn e ctions a r e . 

From a traditional p o int of view Hydrography is a 
b r a nch o f scienc e concerned with t h e safety o f 
navi gat ion of s hip s at sea, in coas t a l waters , i n 
ha rbo ur approaches and in r i vers a nd l akes. It i s 
thus concerne d wi t h a l l the factors affecti ng a 
ship ' s passage : Th e weather (strong winds , v i s i ­
bili ty in fog ) ; t h e s e a (t i des , c u r r ents , waves ) 
and t h e sea bottom (geomorphology) . 

The third of these concerns, t h e depth and shape 
of the sea floor, have greatly overshadowed the 
other two, primarily because for a lon g time the 
hy drographers h a ve had a responsibility for pub­
lication of navigational charts depicting the sea 
floor. Describing the sea floor is a c ommon 
g round for both hy d r ography and geos cie nce. 

6 

Our ma in t ool for describing the sea floor is still 
a n echo s o under , a devic e t o me asure t he travel 
time of a pulse of sound energy from a surface 
vessel to the bottom and back . This gives a "spot" 
sounding, the size o f the spot depending on various 
geological factors , like depth, nature of the 
b ottom , reflectiv i t y , etc. If the vessel is trav­
elling on a track, then quick succ ession of spot 
soundings will give a continuous line of soundings 
which will give a two- dime nsional representation 
of the bot tom a l ong the profi l e s tra ver sed . I f a 
three-dimensional (aerial) representat ion is re­
quired , then the adjoining tracks should be so 
close that the acoustic illumination cones overlap 
- a task which is impractical . In act ual operat­
i ons tracks hav e t o b e spaced some distance apart 
a n d the nature o f the bottom between t racks in­
ferred by interpr etation . This last step c a nnot 
b e car r i ed out wit hout a n appl ication o f geo­
logical knowle d ge. 

Because the shape of the sea bottom i s not a random 
p h enomenon we ca n us e the track sound i n g to de­
s c ribe it provided we understand the geological 
processes which ha ve moulded its prese n t shape . 
Before undertak i ng any hydro grap hic surve y , the 
first s t ep s houl d be t o r e v i ew t he knowledge o f 
s urroUndi ng geology i n o rder t o p repare me a ning­
f u l sur vey sp ecifi ca t ion s . As the s urvey p r ogress­
es t h e new da t a will increase a nd modi f y geo logical 
knowledge , which in turn might dictate changing 
s urvey specifications. During the i n i t ial .review 
o f geology we can l e arn about the nature, age and 
depth o f baseme nt r ocks; about the nature and dis­
tribution o f the o ve rlyin g s edimentary r ocks; and 
about t he t h i ckness a nd c har a c t er o f the s urf i c i a l 
sediments . The s t ruc t ura l cons i d e rati o n s s h o u ld 
indicat e t he p r esence of f a ults , hor sts a nd 
grabens ; from tectoni c c on s ide r ati ons we could 
a s sess the long- t e rm s tability of the a r ea, and 
t he likelihood of l oca l seismicity and volcanism. 

Th is preliminary study is req uired i n o rde r t o 
c hoose properl y the spaci ng and t h e orientati on 
of the survey l ines. At t his point we must con ­
sider oper a t i onal constraints s uc h as na v i ga t i o nal 
control gri d , r e q uireme nts f or port c a l ls a nd re­
f uelling , we a t her a nd i ce cond i t ions , etc. The 
final op e rational plan will be a c omp r omise, but 
this compromise mus t b e based on a sound e valuation 
of a l l t he s urvey de s ign fac tors . 

Unt i l now , sat isfac t ory hy d r ograph i c s ur ve y s h ad 
to be carrie d out using only echosounde rs . Tech­
n o l ogy has adva nced howe ver a nd t he new tools n ow 
a va i lab le must b e serio u s l y consider ed a nd eval­
uated. The f i r st of these i s a s ide - scan sona r , 
a t ool dire ctly r elat ed t o the p rimary mis sio n of 
the hy drogra p h e r . Wi t h this t ool an a rea o f t h e 
sea f loo r cente r e d a l ong t h e s h i p 's track c a n be 
swep t . The r ecords g i ve a g r eat deal o f info r ­
mation about the nat ure of t h e sea floor a nd about 
the pin acl es a nd other ob s truct i on s located be­
t ween t he tracks . But to i n terpre t the records 
and t o uti l ize a nd unde r s t a nd a ll t h e informati o n 
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contained in them,a considerable 'feeling' for 
geology is required, and thus geologist and hydro­
grapher must work together. 

Today's responsibilities of hydrographers go be­
yond the provision of data and charts necessary to 
ensure safety of navigation. Increasingly, hydro­
graphers are called upon to advise resource and 
deve lopment agencies regarding the engineering 
properties of the sea floor and problems that 
might be encountered in connection with pipeline 
crossings, erection of offshore structures, and 
constructions on the sea floor. They are required 
to advise the environmental protection agencies on 
potential or actual pollution threats due to dump­
ing of materials on the sea floor; due to removal 
of materi al by dredging; and due to the accumul~ 
ation of toxic materials in areas of rapid sedim­
entation or low circulation. Hydrographers are 
frequently consulted by fishermen engaged in 
bottom trawling and by defence authorities who 
have a variety of problems associated with shape, 
composition and other characteristics of the sea 
floor. Finally, there are growing numbers of 
recreational activities moving farther offshore and 
generating their own set of questions. 

The net result of this broad spectrum of demands 
is that hydrographers must learn a great deal more 
about the sea floor in addition to the least safe 
depth. This knowledge must be based on intensive 
use of high resolution seismic profilers and the 
systematic study of surficial samples. The result 
will be the information on nature, size and dis ­
tribution of sediments; the knowledge of engineer­
ing properties of sediments, for example, bearing 
strength; and eventually a better understanding of 
geochemical processes at the water-sediment inter­
face. The information will be used to guide dred­
ging, trenching and construction activities and 
will be helpful when dealing with erosion problems. 

Most of the scientific basis for the above problems 
will be provided by marine geologists specializing 
in surficial studies. Geologists and hydrographers 
approach to the common problems must not be sep­
arated since each has so much to contribute to the 
efforts of the other. If there is any validity to 
the concept of synergism this is surely one case 
where it must apply. 

The common basis for achieving objectives of sur, 
ficial geologists and hydrographers was recognized 
only recently. The common interest of hydrogra~ 
phers and geophysicists on the other hand has been 
recognized for almost three centuries. It is well 
known that the first multiparameter hydrographic 
survey was on board HMS PINK PARAMOUR in 1698-,1700 
when Haley. measured the declination of the Earth's 
magnetic field in North and South Atlantic (my 
dictionary says that 'paramour' is one who loves 
or is loved illicitly. This love affair between 
hydrography and geophysics continues to the present 
day).· 

The knowl edge of the magnetic field declination 
(or 'variation' as the mariners cal l i t) had been 
essential until the advent of gyro compass. Even 
today the navigators of smaller craft must under­
stand this correction and must rely on their charts 
for up-to-date information on this slowly changing 
geophysical phenomena. Until very recently every 
naval hydrographic expedition to distant parts of 
the world carried out magnetic observations. Last 
century's Royal Navy exploration of the Canadian 
Arctic was motivated by the need to map the loca­
tion of the magnetic pole as much as by the desire 
to find a shorter route to Cathay. Such scientific 
establishments as the Greenwich Observatory and 
the worldwide network of magnetic observatories 
were initially supported because of the needs to 
improve navigational capability of mariners. 

The basis for hydrographic work is surveying, or 
determination of the geometrical relationship be­
tween two points on the Earth. Before this re­
lationship can be worked out, a base map must be 
constructed using the geodetic approximation to 
the true shape of the Earth. When determining the 
geoid, the knowledge of the Earth's gravity field 
is essential. Consequently, hydrographers have 
been concerned with gravity measurements since the 
time of Newton . Again, the Arctic expeditions 
illustrate this concern. In spite of instrumental 
difficulties (and poor accuracy of results) early 
explorers have often taken pendulums to inaccess­
ible places in order to measure the force of grav­
ity . Today, with the advent of rocket and space 
travel, there is a further need to refine the maps 
of the Earth's gravity field. 

Modern instrument developments make it possible to 
measure a number of parameters while the ship is 
engaged in offshore hydrographic surveys. This 
logistic convenience has resulted in the develop­
ment over the past fifteen years of the technolog­
ically advanced marine survey systems. The benefits 
of reducing the cost per parameter have been rec­
ognized by all responsible for these surveys. The 
main rationale for the implementation of the multi­
parameter surveys has been the requirement for a 
more efficient use of ships. It is equally 
important to recognize that there is a strong func­
tional relationship between hydrography and geo­
science and that there is a substantial overlap of 
interest and responsibilities between the two 
activities. We are learning today that global 
problems require unreserved coordination and coop­
eration throughout the · spectrum of human activities. 
Geoscientists and hydrographers occupy adjoining 
sections of this spectrum and must develop a common 
approach to solving common problems. 



Datum Transformations 

DAVE WELLS 
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·one o f the most misunderstood aspects of using sat~ 
ellite navi gation (Na v sat) is the matte r of datum 
transformations. The probl em ari s es b e cause the 
coordina t e s of most control points are ref e r red t o 
a different kind of coordinate system (which we 
call a local geodetic datum) than are the coordin~ 
ates we get from Navsat , First let us find out why 
this is so, and the n look at what we can do about · 
i t. 

The motion o f an artificial near~earth sat ellite 
depe nds a lmost e ntirely on t he e ffect o f the 
earth' s gravi t y fi e ld. Theref o r e, by t racking a 
satellite or satellites from s everal points on t he 
earth ' s surface (ter rain points), we can obtain 
enough data to l oca te the earth's centre of grav~ 
i ty (the geocentre ) within a few metr es relative 
both to ter rain points and satel lite orbit , A 
significant aspe ct of using satellites i s that they 
are a link which can b e use d to co nn ect observati ons 
from differ ent contine nts and t hus est ablish o ne 
world-wide coordi n a t e s ys t em. 

Local geodetic datums, on the other hand, were 
established l o n g before the dawn of the satelli te 
a ge. Lacking sat e llites to l ocate t he geocentre, 
the star s were use d. In the earlie s t and crude st 
metho d , arc s on the terrain we r e a c cura t e l y s ur-

TERRAIN 
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I 
GEOID 

b 

CENTRE OF . . . 
~ELLIPSOID a . .' 1.' ·--------------------- . 

CENTRE OF 
GRAVITY 
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veyed to f ind t h e ir lengths, and precise astronomi c 
observati ons were made t o find the angles the a r cs 
s~tended at the ge ocentr e. The s i ze (semi- maj or 
ax~s a) and shape (semi-minor axi s b, or flattening 
f ~ (a -b)/a) of a r eference ellipsoid (see Fig­
ure 1) could then be computed by comparing the 
linear and angular length s of two or more meridia n 
arcs at diffe rent latitude s. A r e fere nce e llips­
oid was chosen b e cause it i s the s imp l est fig ur e 
which reasonably app r oximate s the shape of the 
mean sea level s urface (which we cal l the geoid) . 
Having chosen an ellipsoid, it was positioned rel­
a t ive to the eart h by specifying the geodetic 
coordinates (latitude ¢, longitude A, and height h) 
of a single terrain point and an i n itial azimuth 
t o a second ter rain point . It was then assumed 
t hat the centre o f the ellip soid coincide d wit h the 
geoce n tre , wher eas in f a c t the diffe r e nce was 
u s ua lly seve ral hund r e d metres . Mor e sophisti cated 
techniques of choosing the ellipsoi d size and shape, 
and positioning it relative to the earth, have been 
developed but the primary limitation (l acking sat­
e llites) is t hat only data from interconnected ge o ­
detic net works, t hat i s from a single contine nt, 
can b e use d for eac h such de termination. As a con­
s equenc e , e ach cont i nent, a nd in some cases each 
country, presently h a s its own l ocal geodetic datum , 
r e ference e llipsoi d a nd i mp lied geocen t r e l ocation . 
Table l lists the ellipsoid sizes and shapes used 
with several local geodetic datums , together with 
the coordinates o f the elli psoid ce ntres expressed 
in a particular geocentric (satellite ) coordin a t e 
s ystem called WGS72 (Sepplin, 1974) . These datum 
t ranslat ion components, a s t hey a re calle d, are 
Cart e s i an c oo r d i nates in a right hande d coo r dina te 
s y s t em whose Z- a x is passes throu gh the north pol e 
and x-a xis p a sses through the i nte r section of t h e 
equator and the Gre enwich meridi an . (The actual 
defi n ition of this coordinate system uses more pre­
c ise language.) Figure 2 shows the r e l a tionships 
between t h e XYZ a nd ¢ Ah coordinate systems, 
e xa gge r a t e d f or c l a rity . 
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TABLE l 

SOME COMMON DATUM PARAMETERS 

LOCAL GEODETIC DATUM REFERENCE ELLIPSOID 
DATUM 

TRANSLATION COMPONENTS 

a(m) f X (m) yo (m) z (m) 
0 0 

Australian Geodetic 6378160 l/298.25 -122 -41 146 

European 6378388 l /297 -84 -103 -12 7 

North American 1927 6378206.4 l /294.9786982 - 22 157 1 76 

South Ame rican 1969 6378160 l/298 .25 -77 3 - 45 

TABLE 2 

THE MOST COMMON NAVSAT REFERENCE ELLIPSOID 

a f X yo z 
0 0 

6378144 l/298.2 3 0 0 0 

Given the l ocal geodetic coordinates of a terrain 
point, and values for a, f, x , y , z such as 
from Table l, the geocentric 8art2siag coordinates 
of the terrain point can b e computed from: 

X X 0 + (N + h) cos~ COSA 1 

y y 0 + (N + h) cos~ sinA, 

Z z + (N(l-f) 2+h) sin~ , 
0 

(l) 

wher e the prime vertical radius of curvature is, 

2 2 2 -~ 
N = a {sin ~ + ( l - f ) cos~ ) (2). 

Un for tunate ly, given XYZ it is not so easy to in­
vert equations (l) to obtain ~Ah. However, there 
are three ways of doi ng this; the direct method 
(Paul, 1973); the differe ntial method (Heiskanen 

a nd Moritz, 1967) : and the iterative method, which 
I shall now describe. 

Given X, Y, Z, x , 
p ute , in order, 0 

X = X X 
0 

y y 
Yo 

z = z z 
0 

A arctan (:L) 

p ( 2 1) .. X + y 

N = a 
0 

y I 
0 

Z I 
0 

a, and f we first com-

2 2 2 !, ~ 
h 0 = (x +y +z ) -a (l-f) 

~ = 
0 arctan [-pz ·-N- 0--.,.,+:--h::-:0-,-- J 

N (l- f )2+h 
0 0 

Then for t he iterations i = l, 2, 3, .. we compute, 
in orde r , 

unti l 

and 

N. 
l 

h. 
l 

~. 
l 

h. 
l 

~i 

a [cos 2~ i-l + 

p ~ N. 

cos~ i-l 
l 

arctan [~ N. 
l 

N. 
l 

hi-ll < a E 

~i-ll < r: 

(hf) 2 . 2~ J-~ sln i -l 

+ h. J 
( 1-~)2~ 

f or some appror~iately chosen value of t (for 
example E = 10 radians for c onvergence to one 
metre or less), 

3) 

Note that in both equations (l) and (3) the third 
geodetic coordinate h is the height of the terrain 
point above the r ef er ence ellipsoid , not the h e i ght 
above sea level. Therefore, we need two maps show­
ing the height of mean sea level (the geoid) above 
the ellipsoid used for Navsat computations, and 
above the local geodetic datum. 

Maps of geoid heights above the Navsat reference 
e llipsoid are usually s upplie d with computer soft­
war e . The most commonly used Navsat reference 
e llipsoid has the values shown i n Table 2. A map 
of geoid heights above this reference ellipsoid, 
taken from Moffett (1973) 1 is shown in Figure 3. 

Maps o f geoid heigh ts above local geodetic datums 
are computed f rom de flection of the ver tical 
measurements . One s uch map for North America, 
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FIGURE 3 

taken from Vanicek and Merry (1973), is shown in 
Figure 4. Note t hat the geoid contours in Figures 
3 and 4, while based on diffe rent measurements and 
plotted with respect t o differe nt ellipsoids, still 
are similar in gross detail. In fact all we r e a lly 
need is the same geoid information plotted on both 
the reference ellipsoid u sed in the Navsat com­
p utation program and on the local geodetic datum. 
Some Navsat computation programs are flexible 
enough so that we can specify the reference ellip­
s oid we want to use. In that case, the problem of 
datum trans formations can be avoided by specifying 
t he a, f, x , y , z , for t h e l ocal ge odetic 
datum we a rg in~ere~ted i n. This i s equivalent to 
having equations (l) and (3) built into the Nav­
sat computer program. 

Returning to the probl em at hand, i n the case 
where the Navsat computer program uses the geo­
centric reference e llipsoid of Table 2 , the steps 
requi r e d to obtain a Navsat posi tion refe rre d to 
a local geodetic datum are : 

l) Find the correct geoid height from Figure 3, 
add it to the height of the antenna above 
sea level to get h , which is f e d manually 
into the Navsat Co~puter program. 

2) Afte r a Navs at computed position fix ($s 'A s ), 
conve rt ~s ' As' hs to ge o centric XYZ us1ng 

X (N + h ) COSA cos et> 
s s s 

y (N + h ) s in A coset> 
s s s 

z (N( l -f) 2+h 
s 

) s in~s 

whe r e 
a ( sin2 ~ (1-f) 2 c o s 2 q, )-!:; N + 

s s 

a nd whe r e the Table 2 a a nd f values are u sed, 

U.N.B. 73 
ASTROGEODETIC GEOID IN NORTH AMERICA / 
North American 1927 Datum ! 
Contour Interval 2 metres 
64 Coefficients 

FIGURE 4 

3) Select the local geodetic datum values 
f, X o' yo, z from Table l. 

0 

for a, 

4) Convert t he geocentric XYZ to l ocal geodeti c 

</> G, A 
G' hG, using equations 3 . 

5) Subtract the geoid height from Figure 4 from 
hG to get the height above sea level. 
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by RONALD SAUCIER and RONALD E. GAUTHIER 

Geoscience Mapping 
Canadian Hydrographic Service 
Ottawa, Ont. 

By the turn of the century, several bathymetric 
charts of the world oceans had already been pro­
duced at various small scales~ At the VIIth 
International Geographical Congress held in Berlin 
in 1899, it was decided that a series of 24 abutt­
ing sheets at a scale of 1 : 10,000,000 at the Equa­
tor would provide world wide coverage of the 
oceans on a sufficiently large scale. The General 
Bathymetric Chart of the Oceans (GEBCO) was endor~ 
sed by the Stockholm I nternational Congress in 
1899 and by the Second International Conference of 
Christiania (Oslo) in 1901. H.S.H. Prince Albert 
I of Monaco, and his scientific cabinet undertook 
the preparation of t he first GEBCO edition. The 
series was completed Janua r y 11, 1 904. The firs t 
edition of GEBCO contained approximately 18, 400 
spot depths. 

limit of 
polar sheet 

110°E 

The GEBCO series was updated and three other 
edi tions printed during the next seventy years . 
The methods of compilation of the four editions r e­
mained basically the same. The content of each 
s heet had always been measured in terms of the 
number of selected soundings with emphasis on maxi­
mum and minimum depths. The purpose of contours 
was to outline the general shape of the oce an floor 
f eatures. The main criticism of the GEBCO, there­
fore, was its lack of specific scientific content. 
Seve ral meetings and discussions were held with the 
purpose of improving the GEBCO, b ut none were as 
successful as the meeting of the Scientific Comm­
ittee on Oceanograph ic Research (SCOR) Working 
Group 41 in April 1973, 

"The Working Group agreed that there was a 
need for a world bathymetric chart series 
at a scale of 1:10 ,000,000 but none of the 
existing charts fulfilled the needs of 
scientists who require accurately produced 
charts prepared with due regard to the 
existing state of knowledge of sea floor 
morphology and of the geological and geo­
physical processes active on the sea f loor." 
(IHO). 

At the GEBCO Committee meeting held i n June, 1 973 , 
the recommendations of the SCOR Working Group 41 

5.15 
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Assembly Diagram for GEBCO Sheets (5th Edition) 



were endorsed. It was als o recomme n ded t h a t the 
existing GEBCO Committee b e dissolved and be re­
placed by a Guiding Committee. This Committee was 
charged with the task of determining t he needs of 
the scientific community, educational institutions 
and other users of the GEBCO, and to produce , 
based on these needs, new specifications for the 
preparation a nd production of the fifth edition. 
Canada was r epre sented on the guiding commit tee b y 
Mr . G. N. Ewing. 

In April 1974 , the first meeting of the GEBCO 
Guiding Committee was held in Paris , New specifi~ 
cations were discussed and adopted for the fi fth 
edition. The format of the GEBCO did not change 
except that the limit of shee ts 5. 04, 5.05, 5 .08 
and 5.12 (see figur e ) we r e e xte nde d to include 
ocean bas ins o r ocean floor features. As with the 
previ o us editi on s t h e scale wo uld remain 
1:10,000,000 at the Equator on Mercator' s project­
i on. All data would be in metres, corrected for 
the varying veloc ity of sound in sea water using 
Matthew's Tables . 

The most significant departur e from p r evious edit­
ions i s in the c ontent o f t he ch art . Depth da ta 
are r epresente d a s conto u rs rather than sel ect ed 
spot soundin gs . This meth od of p resent ati on will 
ensure: 

a) that all t h e morphological detail of a 
systemati c survey or a single profile 
is portrayed; 

b) c l arity by elimina ting thousand s o f 
spot depths; 

c ) detai l e d portrayal of the s hape of 
oce a n floor f eatures by a dding i nter­
mediate isobaths ; and 

d) rapid visual identification of major 
and minor oce an floor features by the 
use of distinct colour tints to define 
depth ranges . 

Cre dibil ity of the cont o urs i s s ubs t a ntiated b y the 
inc l usion o f the sources from which the i sobat hs 
we r e interpreted. Three diffe r e n t t yp es of sou rce 
data are represented: 

al b oxed are a s which e n c lose c ompr e h e nsive 
surveys; 

b) solid lines which represen t profiles; 
c) dots which represent spot soundings. 
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This source information not only indicates the den­
sity of data from which isobaths wer e inte rpret ed, 
but also c learly identifie s areas i n which little 
o r no data exis ts . 

A tentative product ion program for t h e GEBCO fifth 
edition was adop ted at the April 1974 meeting of 
the GEBCO Guiding Committee, Rat her than one 
organization havin g the responsibility for the 
compil ation, scribing and printing o f a ll GEBCO 
she ets, (as was done with the f our t h edition) a 
fl e x i ble, de c e ntralize d s c heme wa s introd uced . 
Individ ua l ma r i ne geologists a nd geosci e n t i sts 
volunteer ed t o co-ordinate the sci enti f i c conten t 
of specific GEBCO sheets. Dr. A. S . Laughton of 
the Institute o f Oceanographic Scie nce, United King­
dom, offered t o co-ordinate Sheet 5. 05 (Northern 
Indian Ocean a nd Mediterranean Sea ) . Canada , rep­
resented by Mr . G. N. Ewing, volunteered to scribe 
and print GEBCO She e t 5.04 (t he Northern Atlanti c ) 
and Sheet 5. 05. 

In Ap ril 19 75, GEBCO Sheet 5.05 was p ublis h ed b y 
t h e Geoscience Mapping Section of the Canadian 
Hydrographic Se rvice and disp l ayed a t the United 
Nations Law of t he Sea meetings i n Geneva and at 
the second meeting of the GEBCO Gui ding Committee 
held t hat same month. At this meeting, Ca na da 
accepte d t he r esponsibility of drawin g and p rint ing 
t wo more sheet s i n t h e seri es a nd i s t he only Member 
Stat e of the I n ternati o nal Hydrographi c Or ganiza­
t i o n to offer t his service, At present , Canada is 
p reparing e l even o f its seventeen 1 :1 , 000,000 
p lotting sheets f o r the publication o f GEBCO Sheet 
5.04. It wi l l be drawn and published by the Geo­
scienc e Mapping Sec tion o f the Ca nadi an Hydrograph­
ic Se rvice i n earl y 1976 . 

Reference 

International Hydrographic Orga nization, Inter­
national Hydrographic Bulletin, June 1973, 
No. VI , page 1 93 . 
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Chart User Survey 

A. SMITH 

Canadian Hydrographic Service 
Ottawa, Ont. 

Introduction 

Between January 30 and October 15, 1975 a survey 
of chart users was undertaken by the Canadian 
Hydrographic Service . The purpose of this survey 
was to obtain chart use r comment s, and r eactions 
t o, t hree prototype Canadian metric charts. 

Two of these chart s a r e of the 'Approaches to 
Vancouver Harbour': Chart H-3481 i s a Direct Con­
vers i on; and Chart M-3481 i s Contour Style . These 
two prototype charts are compared with the s t and­
ard chart of the same area, No, 3481. 

A Direct Conver sion chart, is conversion o f the 
i mperial unit chart directly to metric units, this 
includes r e taining the old fathom contour lines 
but r elabel l ing them wi th the metric equi valent. 
As a result the c ontour lines ha v e odd metric 
values . The Contour Style is a radical departure 
f rom our Standard Styl e chart. Bathymetric con­
tours are used extensively, and soundings are 
limited for specific purposes . 

The third prototype chart, 'Quebec To Donnacona', 
Char t 1 310, i s produced in bilingual format, and 
designed as a stri p c hart with askew orientation . 
The sounding information on the prototype is pre­
sented in the standard style . Thi s c har t presented 
navigation light i nformation i n an abbrevi ated 
form, p lus the l ight l i st number. 

Results received from this survey were used to 
h e l p dec i de the future style of Canadian chart s. 

Survey Procedure 

The major portion of t h e survey was carr ied o u t by 
mai l ing the prototype charts, together with a 
q uestionnaire, t o a ll known interested groups. 
These prototype char ts and questionnaires we re 
a lso advertised in ' Notice to Mari ne r s'. 

Because prototype c hart 1310, 'Quebec to Do nnacona ' 
raised i ssue s oth e r than style of bathymetric pres­
entation, it was ma ile d separatel y wi t h a speci a l 
questionnai re . 

I n addition to direct mail, i n t ervi ews and group 
disc u ssi ons were hel d with chart use r s in Victoria, 
Vancouver , Montr eal , Ha l ifax, St . J ohn ' s and 
London (U.K.). A tota l of 19 meetings were held 
with a representative o f t h e Canadi a n Hydrographic 
Ser vice present to answer question s on the chart 
styl es , and the me t r i c c onve r s i on p r ogram. Sever al 
oth e r meetings were he ld both in Can a da and abr oad , 
t hese meetings resulted in group opinion s b eing 
forwarded to t he Canadi a n Hydr ographic Servi ce . 

SURVEY RESULTS 

Strip Chart 

The total replies f r om chart users on the strip 
chart are given in Table No, 1 , and are sUbdivided 
into user groups , The first column gives the total 
number of completed questionnaires received, and 
the second co lumn shows the quantity of users which 
these completed questionnaires rep r esent . In some 
i nstances one compl eted reply represents t he v i ews 
of several users. The return f r om this questionn­
aire was 34 ,2%, 

The strong supporters for strip charts a s can b e 
seen f rom Table No . 1, are horne trade mariners, 
Coast Guard, ple asure craft, Laur entian Pilotage, 
a n d shore based marine r s . P i lots in areas other 
than the Laurentian District are e venly divided 
but international shipping an d naval officers ' 
generally oppose it. The objections to it are 
generally on the grounds of safety, a n d possible 
con f usion when i n con gested waters. 

A total o f 86 written comme nts were sUbmi tted on 
t he s trip chart and are fairly consistent in thei r 
suggestions for improvements required on strip 
ch a rts in orde r to make them effective navigational 
i nstruments . A summary of these suggestions are: 

1, A strong north indicator is required . 
2 . Meridians should not be broken i n o rder to 

position notes. 
3, Meridians should be visually distin guishable 

f rom parallels , 
4 . SUbdivi s ions for plotting s hould be available 

in water areas~ 
5, The compass roses shoul d be p l aced c l oser. 
6. With the chart print e d on a narrow strip of 

paper p aral l e l r u les frequently run o ff the 
e dge, especi ally the roller type. Pri n ting 
two together o n a normal A.O. size p aper wi l l 
ove rcome this last problem. 

It would appear that although chart 1 31 0 is a great 
imp rovement over our s mall craft charts, it s t i ll 
requires further i mprovements in design to fully 
satisfy the chart user . 

Removal of Li~:ht Information 

The removal of light information is the next ques­
tion dealt with on the questionnaire for chart 
131 0. The r eplies t o this a r e tabulated in columns 
7 and 8 of Table No . l . A total o f 112 users or 
36 ,7% approved of t he removal of l ight information 
from charts , 186 or 61% ob j ected to removing light 
informati on, 7 or 2.3% expr essed no opinion. A 
total of 47 written comments about the r emoval o f 
l ight informat ion were also received. 

The rather large numbe r of u sers 36 . 7% s upportin g 
remova l of l ight i nformation from the charts is 
at first rather s urpri s i ng , par tic u l arly conside r ­
ing the open hos ti l ity e xpressed , at al l mee t i ngs , 
to the removal of light i n f ormation. However, 
examining the users by interest gro ups , a consist­
ent pattern can be seen. 

First t h e re i s a r ather l arge group of pleasure 
craft operators who never sail at night , some o f 
the ir written comments confirm t his . Secondly , t h e 
home trade and coast guard offi cers are fair l y even­
ly split, divi ded between purely local traffic 



which know all the lights, and those who roam fur­
ther afield. Pilots are evenly split, they have 
the local knowledge and it would be in their best 
interest to remove light information from charts. 
Naval Officers are evenly split on this issue, but 
naval vessels are far better manned than merchant 
vessels and can afford the manpower to make the 
necessary pencil notations on the charts when r e ­
quired. Other chart users who support removal of 
light informatio n never use this information. 

Bilingual Charts 

The bilingual aspect of this chart was not contro­
vers ial, we only r ece ived nine writt en comments, 
and it was not discussed or commented on extensive­
ly at any meetings. 

Chart Styles 

The next question to be dealt with is chart styles , 
and the results from this questionnaire are given 
in Table No. 2. The first column of t his table 
gives the total number of completed questionnaires 
r e ceived, and the s econd column shows the quantity 
of users which these completed questionnaires r ep­
r esent . 

A total of 60 written comments dealing with chart 
styles were also received. 

The returns show that 23% prefer the Standard Style, 
67% pre fer the Contour Style and 8% prefer Direct 
Conversion. A surpris i ng number 32.8% consider 
that the Standard St yle i s not acceptable. After 
thi s trend was noti ced several chart users were 
approached a second t ime to see if t h is was pre­
cisely what they intended to say. Generally the 
reply was yes, and the reason given, "because we 
f eel that the Con tour Style is a better chart , and 
we always e xpect the hydrographic service to pro­
duce only t he best, therefore second b est i s not 
acceptable." 

An examination of preferences by interest groups 
reveals prefer e nce for the contour style is e ve nly 
divided in all groups except marine schools, and 
tow boats on the east coast. The home t rade mar­
ine rs are evenly split three ways in their pref­
e rence . 

The largest groups which state t hat the contour 
s t y l e is not acceptabl e comes from t he ' College 
of Fisheries ', St. John' s , Newfoundland, and the 
18 r eplies from t his sou rce are unanimous in pref­
erence for the Standard Style. The o b jections to 
the contour style from these 18 r eplies are that 
it will be ve ry confusing and clutte red when over­
layed with De cca, or Loran, plus no tice to mariners 
co rrections. 

During di scu ssion s i n St . J ohn' s a t a l ater date 
this q uestion was discussed i n greater detail , 
The chart which had p r eviously b een used by thi s 
group as a practical test for t h e contour s tyle 
had been chart 4016. They state that l abe lling of 
the contours on thi s chart i s poor , and contour 
lines are virtually useless without the a id of 
many soundings. The Vanc ouve r prototype char t , i t 
was agreed , is adequat e l y l a b e lle d but it was 
questione d if a n equivale nt job could be achi eved 
in P l acenti a Bay. Thi s group i s not y et fully con­
vin ced that bathyme tric con tour l i nes and l a t tices 
can be superimposed on the same chart without 
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causing confus i on in areas such as Placentia Bay. 

The only strong support for direct conversion came 
from the home trade, where 34.6% prefer it. Many 
of these users supported direct conversion because 
it is a rapid method for converting an entire 
block of charts i n to metric units. 

Internati onal shipping general ly supported the 
Contour Style and noted that it h as advantages , 
e.g. safe passing distances are more readily ob­
vious and contours give an indication of currents 
and tidal streams. 

Meetings 

The meetings and discussions brought to light sev­
eral items o f concern to the users which did not 
stand out clearly in the compl e ted questionnaires . 
The fi rst and most important issue at a ll meetings 
was the need to identify clearly all metric charts. 
The labelling 'Depths in Metres' as is portrayed 
on the prototype charts was ge nerally felt to be 
inadequate. The labels along the border of charts 
are often covered by paperweights. 

A second major concern was that a systematic, not 
piecemeal approa ch be t aken when conve rting charts 
into metric units . The general feeling was that 
an entire route should be completed at one go, and 
certainly not to commence conversion in the centre 
of a route. 

Summary 

The written comments f rom users are voluminous, 
and are contained in an 81 page appendix to the 
main report . Th e comments not only dea l with t he 
questions ask ed on the questionnair es , b ut t o uch 
on many aspects of the navigation chart. Many 
comments are of course repetitious, but for the 
cartographer who wishes to understand the users' 
needs they make inter esting reading . 

The strip chart with askew o rientation is popul ar 
with many users. The numerous comme n t s indicate 
that improvements in design are require d. The 
s urvey a l so indi cates that in areas of den se 
traffic such as t he St. Lawrence River, i t is wi se 
to avoid producing askew oriented charts because 
of the safety fac tor . The removal o f light infor­
mation from charts is opposed by the major use rs 
of lights. 

In chart s t y les the pre f erence i s clearl y in favou r 
of the Contour Style. However, the concern ex­
pressed in Newfoundland about confusi on when 
lattices are superimposed over the contours must 
b e carefully considered.. In addition , the adequate 
labelling of contours is a n importan t issue wh ich 
was raised . All use r s f e lt that Chart M-3481 met 
the require d standard. 

Conclusion 

The r esponse to this s urvey has demonstrat ed that 
cha r t users are k eenly inte rested in , and con­
structively critical of the naviga tional charts 
which we produce . 

The r esults show that c hart users are not afraid 
o f cha nge. They have examine d t he various options, 
discussed them, a nd given us the benefit of their 
e xperi ence . With this help the Cartogr apher can 
n ow proce ed with t h e challenging and demanding 
t ask of de s igning a n a u tical c hart to meet the 
changing needs of the use r. 
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Ship Surveyors - Port Wardens 

Other Govt. Employees 

Canadian Shipping Co . 

Foreign Shipping Co. 

Organizations 

Marine Schools 

Naval Officers 

Mariners (Interna tional) 

Marin ers (Coastal) 

Mariners Coast Guard 

Tow Boats (West Coast ) 

Tow Boats 

Pil ots (Laurenti a n) 

Pilots (Other areas) 

Offshor e Services 

Vessel Traffic Managemen t 

Harbour and Rive r Works 

Pleasure Craft 

Police 

Others 

TOTAL 

TABLE No. 1 

Strip Chart with Askew Orientation 
and 

Deletion of Light Information 

Total to October 15th, 1975 

STRIP 

QUESTIONNAIRE REPLIES % p A 

10 15 4.9 l3 0 

8 8 2.6 6 0 

10 10 3.3 7 l 

14 14 4 . 6 5 7 

5 5 1.7 3 2 

11 19 6.2 14 l 

19 19 6 ,2 7 l 

6 68 22.3 7 0 

22 22 7.3 1 6 3 

29 29 9.5 18 l 

l 5 1.6 5 0 

7 7 2.4 2 0 

10 10 3 . 3 9 0 

10 10 3.3 5 1 

l l 0.3 0 0 

7 7 2.4 7 0 

7 7 2 ,4 6 0 

36 36 ll. 4 30 1 

8 8 2 .6 4 l 

l 5 1. 7 5 0 

222 305 100.0 173 19 

CHI\,RT 

NA D 

2 l 

2 0 

2 l 

2 l 

0 0 

4 l 

11 8 

61 60 

3 l 

10 4 

0 0 

5 0 

l 0 

4 l 

l 0 

0 0 

0 0 

5 l 

2 0 

0 0 

115 79 

189 rep l i es in English ; 33 in French. 

P - Prefer 
A - Acceptable 
NA - Not acceptabl e 
D - Dangerous 

Initial Mail i ng 
Subsequent Mai l ing 
Total Mailing 
Total Replies 
Response 

REMOVE LIGHT INFO 

APPROVE REJECT 

2 

4 

5 

2 

2 

3 

9 

0 

15 

14 

0 

5 

7 

5 

0 

5 

5 

19 

5 

5 

112 

550 Copies 
341 Copies 
8 91 Copies 
305 

34 . 2% 

13 

4 

5 

8 

3 

16 

10 

68 

7 

15 

5 

2 

3 

5 

1 

2 

2 

15 

2 

0 

186 



TABLE No. 2 

Chart Styles 

Standard, Contour and Direct Conversion 

Total to October 15th, 1975 

QUESTIONNAIRE 

Ship Surveyors ~ Port Wardens 16 

Other Govt. Marine Employees 4 

Canadian Shipping Co's 9 

Foreign Shipping Co's 14 

Marine Schools 7 

Naval Officers 2 

!Mariners (Internat ional) 9 

Mariner s (Coastal) 26 

Tow Boats (West Coast) 18 

Tow Boat s (East Coast) 6 

Pilots 13 

Offshore Services 2 

Vessel Traffic Management l 

Harbour and River Works 3 

Pleasure Craft 10 

Police 2 

Others 2 

TOTAL 144 

8 Replies i n Fr ench; 136 in English . 

p 

A 

NA 

- Prefer 
- Acceptable 
- Not Acceptable 

REPLIES 

16 

4 

9 

14 

29 

2 

71 

26 

18 

6 

16 

2 

l 

3 

10 

2 

6 

235 

STANDARD 

% p A NA 

6 . 9 2 7 6 

1.7 0 2 2 

3.9 3 3 l 

6,0 2 3 7 

12.6 21 2 l 

0.9 l l 0 

29.3 1 1 9 45 

11.2 8 12 3 

7.7 0 7 9 

2.5 6 0 0 

6.9 3 6 l 

0.8 l 1 0 

0,4 0 l 0 

1 ,2 0 2 0 

4.4 3 5 2 

0.9 l l 0 

2.6 0 l 0 

100.0% 54 73 77 

Initial Mailing 
Subsequ e n t Mailing 
Total Mailing 
Total Replies 
Response 

CONTOUR 

p A NA 

13 1 2 

3 1 0 

3 2 3 

9 3 2 

2 1 19 

l l 0 

69 l 1 

9 4 9 

18 0 0 

0 5 0 

12 l 2 

l 0 l 

l 0 0 

2 0 0 

7 l 1 

l l 0 

6 0 0 

157 22 40 

- 550 Copies 
39 Copies 

- 589 Copies 
- 235 

39 . 9% 

16 

DIRECT 
()N 

p A NA 

1 1 12 

l 0 3 

2 l 4 

1 3 7 

2 l 20 

0 0 l 

l l 63 

9 7 8 

l 0 15 

0 0 5 

l 3 5 

0 2 0 

0 0 1 

0 1 1 

0 3 7 

0 0 0 

0 l 5 

19 24 1 57 
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Let's Discuss Hydrographic 
Chart Scales 

R. E. CHAPESKIE 

Canadian Hydrographic Service 
Burlington, Ont. 

"The Chart Schemer's Thene Song", a novelty poem 
which appeared in the last issue of LIGHTHOUSE, 
has generated some discussion, particularly with 
reference to chart scales. Perhaps this topic is 
worthy of elaboration. 

Hydrographic charts in Canada consist of a large 
variety of seemingly inconsistent scales. Where 
did they originate? Why were they selected? Why 
can't all charts be at the same scale or, at most, 
at two or three different scales? 

The Canadian waters of the Great Lakes are pres­
ently charted at about 30 different scales (not 
including harbours and insets). There are just 
as many paper sizes. In many cases, these scales 
originated decades ago, and I am sure that the 
exact reason for their selection is unknown to the 
hydrographer or cartographer of today. It is 
possible that, in some instances, a scale compati­
ble with the original survey was chosen, the 
original survey having been conducted for a pur­
pose other than marine charting . Also, many of the 
odd scales are a reflection of the imperial system 
of measurements where the following criteria were 
used. 

Scale 
1:72,960 

1:63,360 

1:12,000 

1:97,280 

Reasoning 
1 inch 1 nautical mile (6080 ft.) 

1 inch 1 statute mile (5280 ft.) 

1 inch 1000 feet 

3/4 inch = 1 nautical mile at latitude 
47°30'N. 

The conversion to the metric system of measure­
ments will eliminate the above arguments for odd 
scales. 

However, in selecting scales for a new scheme of 
charts in conjunction with metric conversion, the 
following basic guidelines will have to be foll­
owed: 

1) the scale will be large enough to adequately 
portray the degree of irregularity of the 
seafloor and the intricacy of the coast so as 
to enable safe passage past any dangers, 

2) the closer a navigator must approach land, 
whether it be under or above the water, the 
larger must be the scale. Areas of restric­
tion or complexity will require large scale 
charting. A rule of thumb which seems to 
have developed is that the narrowest portion 
of a tricky channel should be 1 to 2 em wide 
at the scale of the chart. (O'Shea). 

3) 

A more traditional "rule of thumb" advises 
that, whatever chart he is using, a mariner 
should not approach nearer to charted dangers 
than the width of his own thumb. (Oudet). 

overlapping charts must contain sufficient 
common features for a transfer of vessel 
position, 

4) navigational aids and/or conspicuous features 
which together are required for positioning 
or guiding the vessel must appear on the same 
chart, 

5) charts designed for recreational use will re­
quire more detail, both for the information 
and pleasure of the user, 

6) metrication will call for scales that are a 
multiple of 10,000 or a factor thereof, e.g., 
1:1,000, 1:5,000, 1:10,000, 1:20,000, ······ 
1:100,000, etc., 

7) it is desirable to maintain one scale for each 
series of charts, 

8) an adequate ratio should exist between one 
series of charts and the next smaller (between 
1:3 and 1:4), 

9) scales of existing charts and their present 
acceptance by the user might be influential . 

These factors must be balanced against the need 
for a chart to cover an area which is convenient 
to the mariner and which can be printed on a sheet 
of paper of manageable size, It is expected that 
charts will soon be printed on one standard size 
of paper, although there may still be some flexi­
bility in the neatline (border) size. 

From the above basic guidelines we can see that 
chart scales will never be restricted to a few 
standard ones, as are topographical map scales. 
There are just too many influencing factors. But 
the variance of scales can and most likely will be 
reduced. With the introduction of metrication - a 
more workable system of measurement - we can expect 
to see the scales of charts to be nearly always a 
multiple of 1,000, to be greatly reduced in number, 
and to be uniform in size with some limited flexi­
bility in the border dimensions. 
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The Survival of Hydrography 

R. W. SANDILANDS 

Canadian Hydrographic Service 
Victoria, B. C. 

In Canada, we are at present experiencing finan. 
cia l and man-year cuts in Government and there are 
indication s t hat these will be of a long term 
nature. 

It may therefore b e of some interest to review the 
British experience o f b udget cuts as t h ey have 
affected hydrography . 

In view of cut s in defence expenditures the Brit­
i sh Hydrographic Servi ce is facing a crisis. 

The Hydrographic Office of the Admiralty, as a 
part of the Royal Na vy, was established in 1 795 
and was founded a t a t ime when t he Navy's losses 
t hrough shipwrecks were greater than from enemy 
action. 

The Board of Admiralty Minute establishing the 
office contained the following paragraphs: 

"The inconveni e n ce especi ally when ordered 
abroad felt by Officers commanding His 
Majesty 's ships respecting the navigation, 
has led u s to consi der the best means o f 
furnishing such informat ion, and preventing 
the difficulty and danger to whi ch His 
Majesty's fleet must be exposed from defects 
of this head." 

"On an examination of charts in office, we 
f ind a mass of information requiring digest, 
which might be utilized, but owing to the 
want of an establishment for this duty, His 
Majesty's officers a r e deprived of the ad­
vantages of these val uable communica tions." 

"The extent of s uc h an establishment n ot to 
exceed the s um of £650 per annum. " (Edgell) 

Within thirty years the Hydrographic Ser vice in the 
United Kingdom had expanded to conduct its own 
s urveys and to service the mari t i me community o f 
the nation as a whole, a community upon which 
Bri tai n's natural wealth as a trading nation l arge­
ly depended. As an inte rna tio na l c h arting agency 
t h e Admiralty has con tinued to s urvey the oceans 
and seas of the worl d and publi s he d t he r esults as 
charts for a ll wh o needed them. 

Onl y a countr y with wealth coul d afford such an 
e ffort for the good o f a ll mariners. Howeve r 
times have changed and the state of Br ita in's 
economy i s such that a hard l ook a t he r sur veying 
policies h as had to b e taken . 

The Hydrographi c Service is funded as part of the 
Defen ce budge t and the c risis has a r isen with budg­
etar y cuts fo llowing t he withdrawal of the Royal 
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Navy from areas east of Suez. A concentration o f 
the defenc e e ffort o n the appr oaches t o Britai n 
means that the r equirements of merchant shipping 
can no l onger be integrated wi thin defence require ­
ments. 

The defence requiremen ts of hydrography are at 
variance with those o f i ndustry. An ever increas­
ing number o f merchant ships greatly exceed i n 
size any draugh t any surface war ship likely to be 
built. Surveys that were adequate fo r men of war, 
other than submarines, are not adequate for modern 
deep draught shi ps . There is a need for surveys 
for safe routes in the North Sea for oil and gas 
production platforms, drawing up t o 40 fathoms, 
on route from cons t ruction sites t o the wellheads. 
The offshor e industry is calling for s upport in 
the f orm of bathymetric and geophysical s urveys of 
the continental shelf. Fishermen and recreational 
boaters have thei r special requirements. 

The U. K. has some 530 ports . About 54 of the 
major and medium sized ones have their own hydro­
graphic capability and a few more have contracted 
their surveys t o p rivate industry. Surveys of the 
r emai nder have, in the past, been undertaken by 
the Hydrog r aphic Service i n the course o f their 
coastal surveys . A study of 46 ports wh ich have 
handled passengers and cargo during t he past t en 
y ears shows that one t h ird had been resurveyed 
withi n the past twenty-five years but at the other 
end of the spectrum e l even h ad not been looked at 
for over seventy-fi ve years! 

At the end of 1974 slightly over 134 , 000 square 
miles, or 72% of the U.K . continental shelf re­
mained unsurveyed or had been surveyed only by 
hand l ead line. 

Priori ty areas only were identi f ied as 36 ship 
years and overseas commitments were estimated as a 
further 34 ship years which t ogether is in excess 
of the surveys possibl e with the present fleet for 
the next decade . 

Fie ld surveys are only the b e ginning of t he process 
leading to a n ew chart and extra s taff are required 
at Taunton to deal with the flow o f information . 

As a world charting agency Britain recei ves infor­
mation from the other 84 national hydrographic 
agencies and in 1974 received no less t han 1,825 
new charts and new editions from overseas. A back­
log has built up and though the Admiralty plan fo r 
no more than ten years between editions of a chart 
about 42 % of their chart s have had no major re­
vision for the pas t f i fteen years. 

A major demand from t h e British Department of 
Ene rgy is for natural resource charti ng whi ch i s 
required whether or not the R.N. undertak es the 
surveys . But a revi ew of the 22 British companies 
reported to have s urveying capabilit i es indicate s 
that only about 5 have the r e sources and expertise 
to carry out s u rveys of large o f fshore areas to 
Admiralty standards and these compani es have their 
o r der books full. The Department o f Energy a l r eady 
has one R.N . ocean s urvey ship committed to it for 
the next few years and their budget i s fully 
committed for the ne xt t hree years . Unl ess the oil 
indu stry i tself can be persuaded to make some con­
tribution, and this is t hough t to be unl ikely , the 
cost of the s hip can only b e borne unti l 1978- 79 
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by an increase in t heir Department of Energy 
budget. 

With its present hydrographic fleet, the Royal 
Navy has said that it can meet its defence require­
ments, but unless the Government digs into its 
pocket the losers will probably be the Merchant 
Navy, marine insurers and the offshore industry . 

Though Canada does not produce a world wide cov­
erage of charts it has a vast coastline, it is an 
exporting nation, it has a large fishing industry, 
its natural r esource mapping is sparse and an ex­
tension of its territorial limits to 200 miles off­
shore will place further calls on our· field surveys. 

We have legislated tough charting regulations 
which will mean little if we do not carry out 
modern survey s in support of our charts and a lso 
have the cartographic services to process the 
collected data to usable form. 

The Stewart-Dickie report identifies the growth 
areas for hydrography and concludes: 

" It i s our opinion that virtual l y all of this 
growth should take place by s y s tematically 
contracting out surveys. The Government in­
house surveying capability need not e xpand, 
and could eventually even contract slightly." 

"More and more of the routine surveying should 
be l e t to con tract with private operators. 
Contracts shoul d not occupy the full capability 
of the se operators who would b e e xpect e d to 
sell their s e r v ices not only to t h e Gove rnme nt 
but als o to private conce rns such as, for ex­
ample, oil companies and private marine opera­
tors. Private survey vessels could also be 
a vailable to be contracted as research vessels 
by other governmen t agencies and by universit~ 
i es ." 

Despite these rec ommendati ons, contracts to indus~ 
try for hy drogr aphi c surveys h a v e been ' spotty ' 
and the number and t ype of contr acts placed ha s 
not yet brought forth many companies with h y dro­
graphic competence . To date no Canadian company 
has attempted a total hydrographic s urvey of a 
l a rge offshore are a . Certainly insufficient con­
tracts have b een p laced to sustain the i ndus try -
inde e d one l arge company h as been forced to l ay 

off experienced hydrographic staff. As some of 
these staff l eft gove rnment service f or the p rivate 
sector it is not an encouragement for others pres­
ently employed by the Canadian Hydrographic Ser­
v ice (C.H.S,) to consider such a move. This will 
make it difficult f or industry to recruit hydro­
graphers with e xpe rience of Canadian conditions 
and possibly lessens their efficiency. 

No final compilation for hydrographic charts has 
been attempted by industry . 

Thus presently the only real hydrographic compet­
ence lies entirely in the government sector. 

Judging from the British experience we can see 
that this is not a healthy situation. There is a 
definite need for competence in both sectors, a 
competence that can be maintained by the sustenance 
and competition of each sector. 

We must place hydrography in industry on a firm 
continuing basis to enable it to build up a total 
competence in hydrography within the next few 
years. Scraps from the government table will not 
build a healthycompetitive body. On the govern­
ment s i de definite l ong term commitment s of cash 
for these surveys and of man- years and money for 
C. H.S. surveys and compilation back up must be 
made if we are not to seriously endanger the 
s tandards of our charts and diminish the support 
we presently give t o our offshore industry, fish­
ing flee t s and mariners entering our waters. 

Let none be "depri ved of the advantages of t h ese 
valuable communi cation s. " 
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The Speed of Sound In Water 

C.D. MAUNSELL 

Atlantic Oceanographic Laboratory 
Bedford Institute of Oceanography 
Dartmouth, N. S. 

The introduction of the echo sounder i nto routine 
hydrographic surveying, replacing dependence on u s e 
of the lead line, produced a major change, It 
mus t be r eme mbe r e d t ha t a s ounde r actually regis~ 
ters a time interval and that the speed of sound 
must be Known to convert the time to depth. The 
International Hydrographic Bureau resolved that 
1500 metres per second should be adopted as a 
standard velocity . Most Canadian water s are cold 
enough that this causes an overestima t e and , for 
calibration , t he value of 1463 me tres per secon~ 
(800 fathoms per second) i s fre quent l y u sed , 0S~nce 
f r esh water has to have a temperature of 14 ,2 C 
before thi s speed i s a t tained most soundin gs in 
deep lakes will b e overe stimated with this cali ­
bration. 

The velocity of s ound in water de p e nds upon temp..,.. 
erature, concentrat ion of disso l ved constitue nts 
(for which sal inity is t h e conventio nal qua ntity 
in oceanography ) and p r essure. The actual valu e 
at a given location a nd time may be evaluated by 
u s e o f one of the following proc edur e s: 

1) A "bar check" by which the echo from a reflec­
t o r l owe red to a known depth is obse rved . This is 
conveni ently carri ed out in shallow wat e r with low 
c urrent s, gives a mean ve l ocity t o the observed 
depth and s i multaneousl y checks the calibration o f 
t h e sounder. I t is not too useful i f the bottom 
soundings become very different from the check 
value because the a ve rage velocity i s l ikely to 
change with depth . 

2) Direct me a s urement of the sound velocity as a 
function of depth. The approp riate mea n ve loc ity 
must the n b e ca l c u lat e d. This p r o cedure can b e 
time con suming in deep water and one mus t be satis ­
f i ed t hat t h e ve l ocime t er has been accurate l y cali­
bra t e d. 

3) Re ference to files of oceanographic or limno­
logical station data observe d in the same area at 
a similar time of y ea r . The sound velocity is t hen 
f ound b y r e fere nce t o tables or use of a n approp­
r iate formula. 

Ea rly t a b l es (up to 1939 ) we r e based on calc ula tion 
f rom l aborator y measureme nts of compressibility and 
additional the rmodynamic data. Matthews' t a ble s 
proved especially convenient since, in addition to 
tables enabling calculation of in situ velocities, 
h e divided the ocean s into oceanographically simi­
lar a r eas and publis hed tables li s ting s ounder 
c orrections. 

Following the 
formulas were 
l a rge numbers 
calculated . 

i ntroduc t i on of d i gita l c omputers 
fitte d t o t he tabu lar data t o permit 
of s ound ve loc i t i es t o be rout ine l y 
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By 1952 it had bee n shown that the near surface 
velocities given by Matthews and similar tables 
were about ·3 m/s too low, In 1960 Wilson published 
the first measurements which included the variation 
with pressure to the values reached i n the ocean 
depths. His formulas were widely adopted by ocean­
ographers, replacing the earlier comput ation sche­
mes, It is worth noting that in spite of the 
3 m/s increase in near-surface velocity from e arl­
ier values the Wilson results agre e wi t h the tables 
for pressures corresponding to depths of 2000 
metres. 

Over the next decade there arose some q uestions 
about values from t h e Wilson equation . Part of 
t h is arose from the fact that the obse rvations 
used by Wilson in deve loping his equation included 
combinations of temperature, s alinity and pressur e 
not found in nature. In a ddition it a ppeared that 
h is atmospheric pressure values were high, perhaps 
as a result of inadequate abolition or correction 
of systematic errors . There was of course no 
guarantee that additional systematic e rrors we r e 
not introduce d at high pressures . 

A new p rogram of determining s o und ve l ocitie s over 
range of temperature , s a lini ty a nd pressure match ­
i ng c ondition s throughout t he oceans was e n gaged 
in by Del Grosso and Mader of the Naval Research 
Laboratory, Washin gton. Their results have been 
fitted to a new equation by Del Grosso which is 
also valid for f resh water . Recalculation of vel­
ocitie s f or a me ridional s ection of oceano graphic 
s t ations in dee p water gi ves velocities near t h e 
surface 0 .2 m/s l ess t h a n Wilson with the discrep­
ancy at greater depths i ncreasing , unti l t he Del 
Gross o f ormula gives ve l ociti es 0.5 to 0 . 6 m/s less 
than the Wilson formula. Recently Medwin has p ub­
lished a much simp ler formula than Del Grosso ' s 
whi ch for depths less than 1000 metres g ives values 
in good agreement wi th those f r om the mor e comp lete 
f ormula . 

An independen t study of t h e depende nce of sound 
velocity on temperature , sal i n i t y and pressure i s 
being carried out by Kroeb e l and Ma hrt of the 
University of Kiel. Their preliminary wo r k a t at­
mosphe ric pressure i n both fresh and s ea water 
a gre es with that of Del Grosso with i n a few cen t i­
metres per s econ d. They have not yet r epor ted re­
sul t s on pressure dependence . 

The e ffect of t he c hanges in sound veloc ity fo rmul­
as on echo s o undi n g can be s umma r i zed as f ollows . 
In mari ne water s of Canadi a n inter est Matthews g i ves 
corrections to raw depths read from a s ounder 
calibrated for 1463 m/s. As percentages of the 
r aw depth these a r e: 

App roximate Depth 

200 m 3000 m 4 800 m 

Off Nova Scotia 1. 5 % 1,7 % 

Off Labrador 0 . 5 % 1.6 % 

SE of Grand Ba nks 2. 3 % 3 . 2 % 

Arctic 1. 5 % 0 ,5 % 

Near B,C, Coast 0 .5 % 1. 5 % 

Pacific Offshore 1.7 % 
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These a,re of sufficient magnitude to deserve con ... 
side ration. 

Going from Matthews' velocities to those of Wilson 
involves a further correction increasjng depths by 
up to 0.2 %of their value. It is probably not 
worth applying such a modification to values from 
the tables because the zone boundaries as pub ... 
lished do not exactly describe the oceanographic 
conditions . The formula of Del Gro sso predic t s 
depths about 0.04 % less than those given by use 
of Wilson's formula . 

Use of the modern sound velocity formulas for 
correcting soundings in areas with adequate oceano~ 
graphic coverage will give better estimates of 
true depth . Great care must be take n in combining 
old and new soundings to avoid contouring in irnag~ 
i n a ry f eatures a r ising solely f rom the u se . o f 
different depth corrections . 

Because oblique propagation as is involved in side 
scan sonar is affected in a complicated manner by 
ray bending depending on the gradient of velocity 
with depth the effects of the different formulas 
cannot be easily summarized. 

AUTHOR'S NOTE: Purists may cavil at the use of 
the word "velocity " to describe a scalar magnitude . 
However it is the conventional use in underwater 
ac oustics, 
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Program 

15th Annual 

Canadian Hydrographic Conference 
1976 

Sponsored by 
Canadian Hydrographic Service, Headquarters, 

and 
Canadian Hydrographers Association 

The conference i s to be hel d at t h e Canadian 
Governme nt Conference Centre, Ottawa . It will 
open Tuesday morning, April 20, 1976 a nd will 
close on Friday, April 23, 1976 with the Annual 
Meeting of the Canadian Hydrographers Association . 

Accomodation and Transportation 
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Approximate ly twenty papers covering a b r oad 
range of hydrographic inter ests will be presented. 
Abstracts of these papers wi ll be available a t 
the registration desk from 17.00 hours, Monday, 
Apri l 19, 1976. 

A block of rooms has been reserved at t he Chateau 
Laurier Hotel . Part i c i pants are advised to con­
firm their accommodations at their earliest con­
veni ence. The airport limousines call at the 
Chateau Laurier Hotel. A hospitality suite will 
be available to the ladies during the day . 

There will be a large d i splay for commer c i al 
exhibits at the Con f erence Centre . 

A compilation of p apers p r esen ted will be publis h ­
ed a nd distributed to the r egi strants after the 
conference. 

Social Activities 

An "Ice Breaker Party" wil l b e held at the 
Confere nce Centre Monday evening , April 19, 1976 
a t 20.00 hours. 

A luncheon will be held at the Chateau Laurier 
on Tuesday April 20, 19 76. Tickets are $6.00 
per per son . 

A dinner dance wil l be h e ld at the Chateau Laurier 
on Wednesday eveni ng, April 21, 1976 commencing 
at 18.30 hours . Tickets are $1 2 . 00 per person 
and $20.00 per couple . 

General Information 

Registration fee is $35.00 per person. Fee 
includes all sessions and the "Ice Breaker Party': 
The registration desk will be open duri ng t he 
conference t o provide information and i ssue 

· conferen ce program k i ts to t h e r egi strants. 
Registration forms and further i nformation 
concerning the con ference are avai lable from : 

Mr. S. van Dyck 
Conference Co-Chairma n 
15th Annual Canadian Hydrographic Confer ence 
Canadi an Hydrographic Service 
Rm 241, 615 Booth Street 
Ottawa, Ontario 
Canada 
KlA OE6 
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News from Industry 

Tel/urometer Assists Supertanker Docking 

Tests in Durban, South Africa and Singapore have 
demonstrated that the intricate task of mooring 
super tankers to a single buoy discharge system 
can be greatly simplified by the use of a Tellur­
ometer MRB20l. 

A recent development, the Digital Velocity Indi­
cator, fitted as an option on the master unit pre­
cisely measures and displays the approach speed 
and range of the vessel . Using a remote on the 
buoy and the master on the bow of the tanker, 
dockings were successfully completed both day and 
night in half the time normally required. The 
photograph below shows the 190,000 D.W.T. "Esso 
Mercia" discharging her cargo in Singapore follow­
ing the mooring trial. 

Ba:nister Tracked Vehicle Program 

In November 1975 Banister Technical Services were 
awarded a $450,000 contract by the Federal Govern­
ment to provide and evaluate a Flexitrac CF23. 
vehicle, using Banister's BANQUES system, for spot 
sounding through ice. A field trial will be 
carried out at Resolute during April and May of 
this year. Mike Crutchlow of Central Region, C.H.S. 
will work with Banister during the project, and will 
be reporting on this development in the next issue 
of LIGHTHOUSE. 

DEEPTOW Seismic Profiler Developed 
in Canada 

Over the past three years marine geophysicists, 
engineers and research scientists at the Bedford 
Institute of Oceanography and Huntec ('70) Limited 
of Scarborough, Ontario have worked together on 
Project SEABED. Conceived by Huntec and partially 
funded by the Department of Supply and Services, 
the project has developed and evaluated a deep 
towed high resolution seismic profiler capable of 
operating in previously impossible conditions . 

Significant improvements over conventional systems 
have been realized with the DEEPTOW System. Signal 
to noise ratio is improved since noise from the sea 
surface, ship and tow vehicle is less at tow depth, 
while reflected signals are stronger due to reduced 
water column attenuation. Propagation geometry re­
mains stable despite pitch and roll of the ship, 
and cable loss is eliminated by placing the energy 
source for the seismic pulse and the pre-amplifiers 
in the tow vehicle . Operation at speeds of 8 knots 
in 7 metre s wells has been demonstrated with 
excellent penetration in water depths to 1400 metres . 

Over 6000 line kilometres of seismic data have been 
collected to date from the Nova Scotia and Labrador 
shelves for the purpose of evaluating the system in 
seismic studies and geological reconnaissance . The 
ultimate goal of the project is the remote and 
automatic classification of the material properties 
of the sea floor and underlying strata . At present 
one DEEPTOW System is b e ing used i n Senegal on the 
CSS BAFFIN as part of a resource survey o f the 
continental shelf and slope, and a second system 
is destine d for use in the North Sea oil fields . 



I C. H. A. personal notes 
Atlantic Branch 
Arthur Kenny retired on Dec, 29, 1 975 after 25 
years with CHS; George Yeaton is on Frenc h lang­
uage training pri o r to taking up his new position 
in Ottawa as Chief, Nautical Geodesy; Gary Hender ­
son recently left Bedford Institute and CHS to 
take up the position of Flood Risk Mapping Engin­
eer with the Inland Waters Directorate, Halifax. 

Ottawa Br(IJlch 
Gerry Ewing (Dominion Hydrographer) is among many 
o f t hose taking the French language t raining course 
o f t he Federa l Government; Donald Bayne, a compi ler 
in Chart Construction from 1950 until his retire­
ment in 1972, passed away recently at his r esidence 
in Ottawa. 

Central Br(IJlch 
Tom McCulloch, known to many as Vice-Chairman of 
Commission IV (Hydrographiq of FIG and as Pres ident 
of CIS was in hospital over Christmas and ope r a t e d 
on for kidney stones on ho gmanay (New Years Eve 
you Sassenachs!); Chris Gorski is back at work 
after contracting hepatitis on field d uty last 
year on L. Winnipeg; George Fenn fell into t he 
"tender trap" on Dec. 1 3 and Sam Weller will follow 
o n his return from the Senegal Survey ; Joe McCar thy 
has recently gone i nto the Dairy Queen busine ss but 
is havin g trouble keepin g up with the local de man d 
£or complime n t ary gift c e r t ificates . 

Pacific Br(IJlch 
Ian Campbell left the C.H.S. last April and after 
extensive r e fit and s hakedown cruise p l ans to sail 
up the B.C. c oast to Prince Rupe rt this summer on 
a Nat i on a l Film Boa rd proj ect; Roger Hlina has 
tran sferre d from C.H.S. to D.P .W . but continues 
hi s c a r e e r as a hydrograph er , working on the Fr ase r 
River; Jerry Roger s has forsaken the sea for farm­
ing in the interio r of B.C. and is b usy building a 
l og cabi n; Ken Hight on has r eturned t o B.C. a f ter 
extensi ve travel in Europe, Asia and Africa and is 
presently study ing for his Re al Estate examinations; 
Lome Landr y has r e turned to Unive r sity a nd i s 
s tudy ing a t U. Vic p r i o r to t a king up a teaching 
c a r e er; Charlie Mcintosh who r e tired from t he C.H. S . 
in 1974 i s now do ing cons ultan t work in hy d rography; 
Trevor Jones ret ired from Sailing Di rec t i ons (B.C.) 
a nd is enjoying hacking out a garden at his new 
home on Saltspring I sland. 

I News from C. H. S. 
Cartographic Decentralization 
As a part o f the move to greate r decen t ralization 
of cartographic activities in the Canadian Hydro­
graphic Service, Central Region will be acquiring 
two new staff this s ummer , and a start made on 
chart production in the region . 

Polar Continental Shelf Project 
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A survey party from Central Region, l ed by Ed 
Thompson, will be working in Belcher Channel and 
Penny Strait in the High Arctic this winte r. As 
wel l as helicopters, they will be using a "BOMB!" 
tracked vehicle with a mounted transducer developed 
by the Tidal Ins trumentation Section i n Burlington 
to obtain soundings thro ugh ice. 

Senegal Survey 

A multiparame t e r survey funde d by Canadia n Inte r­
nationa l De v e lopment Agency (CI DA) i s p r e s ently 
being carried out off the coasts of Senegal and 
Gambia. The survey party, headed by Bob Marshall, 
consists of personnel from Central Region, Atlantic 
Geoscience Centre and industry (see note in News 
from Indus try) working on board CSS BAFFIN gather­
i n g bathymetric, gravimetric and magnetic field 
data. Reports to date indicate that the surve y is 
progressi n g qui t e well . More on t his in a l a t er 
issue of LIGHTHOUSE . 

Toronto Boat Show, January, 1976 
Th e Canadian Hydrographic Service, Cen tral Region, 
were again active i n setting up and manning a dis­
p lay which att r a cted cons ide rable attenti on from 
yachtsme n. A wor king INDAPS , inc luding a plotter, 
a t tract e d muc h attent i on, a s d id a p r oof cop y o f 
the n e w Oly mp i c c h art. Ray Chapeski e had c o n s ider­
able success with a q uestionnaire aimed at obtain­
ing information concerning recrea tional boating 
patte rns on the Great Lakes. 
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1976 
H 2 0 Bonspiel 

On January 17, 1976, Central Branch of the Canad­
ian Hydrographers Association sponsore d the 4th 
annual H20 Bonspiel at the Humber Highland Curling 
Club in Etob icoke. The e vent was very succ ess ful 
with for ty-eight participants and a good ·time ha d 
by a ll . Top prize was won by Al MacDo na ld and 
his rink. 

(From left) Ed Thompson, presenting the top prize, 
Alan Humphry , Wa l t Andrew, Eve lyn Conn and Alan 
MacDonald of t he winning team of t he "A " event . 

(From left) Brad Tinney, Brian Monaghan, Henry 
Boyce and Richard Tobin of the Winning team of 
the "B" event. 

Dona t ions for the 1976 H2o Bon spi e l were gratefully 
rece ive d from the follow1ng: 

ComDev Ma r i n e , Ottawa 
Canadian Appl i ed Technology , Buttonville 
Motorola Militar y & Ae rospace Electronics, 

Willowdale 
Tellurometer, Canada Lt d., Ottawa 
Por t We lle r Dry Dock s Ltd . , St. Cath e rines 
Decca Radar Canada (1967) Ltd . , Toronto 
Wi ld Le i tz Canada Ltd . , Ottawa 
O' Keef e Bre win g Co. Ltd. , Ma l ton 
Rab Engi ne e ring, Miss i ssauga 
Rivi e r a Motor Hotel, Burli n gto n 



Letters to the Editor 

Sir, --- I disagree with the published answer to 
the riddle i n Edition No . 12, asking "In which 
stat~ is the easternmost point in the United 
Stc{tes?" The Oxford Universal Dictionary defines 
"easternmost11 as "situated farthest to the east" 
with "east" defined as "the portion of the hori­
zon or the sky near the place of the sun's 
rising" . These definitions do not refer to a 
specific longitude coordinate system. Maine with 
West Quoddy Head on Grand Manan Channel satisfied 
the criterion of the riddle . The u.s . Virgin 
Isl a nds Ter r i tory e xte nds even farthe r east. 

The published answer requires that the question 
be interpreted as meaning "What state in the 
United States has the point with greatest east 
longitude as measure d in the conventional system 
(prime meridian passing through Greenwich and 
restricting longitudes t o a max imum numerical 
value of 180 de grees )?" With s uch an int erp r e­
tation linked t o t h e sp ecifi c coordi nate s y stem 
how could you answer the question "In which prov­
ince is the easternmost point in Canada?" 

C.D . Maunsell 
Atlantic Oceanographi c Laboratory 
Be dford Ins ti t ute of Oceanography 
Dar t mouth , N,S . 

EDI TOR's NOTE: The original riddle was submitted 
by our "westernmost" (wit h respect t o t he Green.., 
wich meridian) assis tant edit or, who r esi des in 
British Columbia . As you knew, t here was a t ime 
when t he sun never set on the British Empir e, 
ther efor e, why should i t ever rise (by some slight­
ly i nverse logic!) . Confronted with this seeming 
Gordian knot the Editor struggled to phrase t he 
question bearing i n mind the definition of "east­
ernmost" in t he Oxford Universa l Dictionary. 

LIGHTHOUSE, 

Sir, --- My compliments on your first edition of 
the r e vived LIGHTHOUSE and a suggestion for a 
future issue. I ' d like to see an artic le abo ut 
the upcoming scale changes mentioned in your 
little poem. 

Keep up the good work! 

N.A, Rukavina, Head 
Physical Sedimentology Se ctio n 
Hydra ulics Research Div ision 
Canada Centre for Inland Waters 
Burlington, Ontario 

EDITOR's NOTE: An e l aboration on the topic of 
char t scales can in fact be f ound i n this issue . 

clo C anadian Hydrographers Association, 
P.O. Box 5050, 
86 7 Lakeshore Rd., 
Burlington, Ontario L 7R 4A6 

Yes, I would like to become a subscriber to LIGHTHOUSE. 
I wish to receive your journal for a period of ... .. year(s) 

and have enclosed my payment of$ .......... .. 

NAM E 

FIRM ..................... . 

ADDRESS ...................... .. 

city ...................... .. ... prov . . ..... code 

yearly subscription rate ($6.00) 

I 

Make cheq ue or money order payable to the Canadian Hydrographers Association , 

L------------- - ------~---------------------- - -----------J 
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A SIDE SCAN SONAR SYSTEM 
IS AN IMPORTANT INVESTMENT­
YOU OUGHT TO HAVE THE BEST ... 

HYDROSCAN 
KLEIN SIDE SCAN SONAR 

KLEIN ASSOCIATES, INC. 
-+--1-+--1 UNDERSEA SEARCH AND SURVEY 

Route 111 • RFD 2 • Salem, New Hampshire 03079 U.S.A. 
illllllllllllll~ (603) 893-6131 • Cable: SONAR • Telex 94-7439 



Tellurometer is on-target. 
off-shore 

If you are engaged in locating off-shore 
drilling sites, laying pipelines, carrying out 
precision patterned dredging or disposing of 
toxic waste materials and need to pinpoint the 
exact spot where t here is a deep t rench, the 
MRB201 from Tellurometer will t ell you 
precisely where you are. And in conjunction 
with a digital computer and graphic plotter it 
will show you exactly where you have been and 
even where to go! To an accuracy of ±1· 5 
metres. 

In fact, a dynamic distance measuring 
system that continuously monitors the position 
of a moving vessel at ranges up to 50Km which 
can be custom-built to your requirements. The 
vessel's position is presented on a cold-cathode 
digital display directly in metres. Full facilities 
for monitoring and displaying the plots and 

/ / 

tracks are available to make a completely 
automatic computer-controlled system for 
precision surveying and location in off-shore 
environments. 

• Off-shore location 
• Cable laying 
• Precision dredging 
• Waste dumping . 
• Oceanographic survey 
• Pipeline routing 
• Single buoy mooring 
• Oil rig positioning 
For worldwide service. contact: . \ 
U K : TELLUFIOMETEA (UK) LTD, Roebuck Ro;;d , Chess•ng1on, Surrey KT9 1RQ. 
SOUTH AFRICA : TELLUAOMETEA tPTY) lTD, P.O. Box 23, Plumstead7800 , Cape 
U SA: TELLUROMETER USA. 89 Marcus Boulevard . Hauppauge. NY11787. 
CA NA DA : TELLUROMETEA CANADA LTD. 1805 W oodward Drive. Ottawa K2C OP9. 
AUSTRALIA: D. A. JOHNSTON & CO. {Pl Y) LTD. Stanhill 33. 
Queens Road, Melbourne SC2 
J A PAN: OKURA TRADING CO. LTD, 3- 6 Ginza Nichome, Ch uo -Ku, Tokyo 104. 

TELLURDMETER. 
a PLESSEY Company 
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