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Three Generations of Hydrographers meet a t the 17th Annual Canadian 
Hydrographie Conference. 

Admirai G .S. Ritchi e Capta in "Jam es Cook" Mike Bo lton 

WELCOME 

The Pacifie Region of the Canadian Hydrographie Service and t he 
Pacifie Branch of the Canadian Hydrographer ' s Association t ake 
pleasure in welcoming you to the 17th Annual Canadian Hydrogra­
phie Conference. 

This is the first major Conference t o be held atour new facili­
ties in the Institute of Ocean Sciences and we consider it mos t 
appropriate that this first Conference should be hydrographie. 
Not only is hydrogr aphy the "senior service" in terms of disci­
plines within the broad oceanographic community but it also pro­
vided one of the primary incentives towards the construction of 
this Institute. Additionally the British Columbia celebration 
of Cook's bi- centennial provides an appropria te link with Canadian 
hydrography of yesteryear. 

During the course of the proceedings you are invited to explore 
our facilities, ques tion our Institute programs and enjoy our 
envir onment. Please accept our apologies fo r the incompleteness 
of the landscaping, but the a ddition of plants, shrubs, trees and 
lawns wi l l be part of our ongo ing development. 

We hope your stay in Victoria will be pleasant, yo ur attendance 
at the Conference i nstructive and your participation in the social 
activities enjoyable. 

Mike Bol ton 
Regional Hydrographer 



Opening Remarks 
G.N. EW IN G 
Dominion Hydrographe, 
C.H.S. 01tawa 

Since I addressed l ast year ' s confer ence 
in Burlington we have had a busy , sometimes trying 
but nevertheless an eventful and productive year. 
On the international scene there were a nwnber of 
events that I would like to discuss. Last year 
I mentioned that on January 1, 1977 Canada adopted 
a 200 mile Fishing Zone on the Atlantic and 
Pacifie coasts and t his was extended to include 
the Arctic Ocean on March 1. In the past year our 
Territorial Waters Officers have had their efforts 
directed almost exclusively t o providing informa­
tion and charts required for negotiations with the 
United States on the delimitation of our common 
boundary. The chief of this unit , Mr . John Cooper, 
is now in Geneva as a member of the Canadian 
delegation to the Law of the Sea Conference. 

The second international event was the 
XIth International Hydrographie Conference held in 
Monaco , April 18- 30 , 1977. The decision of thi s 
conference on the adoption of the report of the 
North Sea International Chart Commission (NSICC) , 
and the decision to establish a Technical 
Committ ee on Chart Specifications to continue this 
work, has the potential for extremely far-reaching 
effects. Canada will be represented on thi s new 
committee. By the XIIth Conference in 1982 there 
should be a comprehensive specificati on for the 
standardization of all nautical charts at medium 
and large scale . The recommendations of the 
NSICC have already been adopted to the maximum 
extent possible in the new four colour, metric , 
bilingual , contoured presentation being used for 
new Canadian Charts . 

The third event of international 
importance occurred a year ago when an agreement 
to es tabli sh a U. S./Canada Hydrographie Commission 
was reached . The Commission will provide a formal 
mechanism to coordinate the work of the U.S. 
National Ocean Survey and CHS in adjacent waters 
of mutual interest. The first scheduled meet i ng 
of the Commission was held here in this Institute 
yesterday. Initially it will have its greatest 
impact in the Great Lakes where eventually there 
will be one common medium scale for each of the 
major lakes and one common set of charts for the 
connecting rivers and confluence waters. The 
first two of these charts , Canadian Chart 2000, 
covering Lake Ontario and a matching N.O.S . chart 
of Lake Erie were issued early in 1977, and work 
is now underway on the production of a new chart 
of the southern end of Lake Huron by CHS and new 
charts for the east and west ends of Lake Erie 
by NOS. 

On the national scene last September the 
Prime Minister announced that he planned legisla­
tion to separate the Department of Fisheries and 
the Environment into two separate departments . 
There has subsequently been considerable uncer­
tainty as to the organizational components to be 
included in the new Environmental Administration 

and the new Fisheri es Administration. Many of 
these uncertainties were clarified on March 13 
when Mr. Romeo Lebl anc our Minister informed 
Parliament that with their approval his 

"new department would be known as the 
Department of Fisheries and Oceans. This 
title is c lear and brings the basic 
responsibilities sharply into focus for the 
public. Thi s is important because the 
public of the Atlanti c and Pacifie coas tal 
provinces understands the relationship 
between fisheries and the oceans and 
expects a strong and clear government 
response to problems and opportunities 
in this sector . 11 

Amongst the specific responsibilities of the new 
department he identified "hydrographie surveying 
and charting ." In elaborating on this the 
Minister stated that : 

"The Hydrographie Service of the Department 
of Fisheries and the Environment is now 
working closely with the Ministry of 
Transport in developing and providing more 
precise aids to navigation and positioning 
systems whi ch contribute to the more 
effective management of the 200- mile 
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fishing zone and the prevention of destruc­
tion of the fisheries resources by transpor­
tation accidents. These responsibilities 
would continue within the new Department of 
Fisheries and Oceans . " 

He a l so commented that: 

"Contrary to perceptions held by some 
people , ocean sciences programs in Canada 
have been characterized by a very healthy 
growth in recent years ... Since 1973, 
despite a period of fiscal restraint , the 
Ocean and Aquatic Science division of the 
Fisheries and Marine Service has seen its 
annual budget grow from $33 . 7 million to 
$57 million . Canada ' s ratio of Ocean 
Science expenditure as a percentage of 
gross national product shows the fol lowing 
comparisons with other advanced maritime 
nations: i n 1974 Canada spent 1 . 7 times 
as muchas the U. S . A., five times as much 
as each o f the U. K. , France and Japan and 
5.5 times as muchas Australia." 

We still await the legislation that wi ll 
detai l the allocation of responsibilities. The 
appointment of Mr. D.D. Tansley , presently 
Administrator of the Anti-Inflation Act , as Deputy 
Minister designate , effective May 1, was announced 
on April 6 . There are still very important 
decisions to be made with respect to the a llocation 
of common resources presently shared by the two 
departments and on the organization of the new 
depar tmen t . 

We have also had considerable activity 
on the drawing up of draft regulations covering 
the commissioning of a Canada Lands Surveyor, a 
new commission that will replace the former 
Dominion Land Surveyor and the Dominion Topogra­
phical Surveyor . These regulations are being drawn 
up under Bill C-4 , an Act to amend the Canada 
Lands Surveys Act which was given Royal Assent on 
June 29, 1977. 
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One of its principal objectives is to 

redefine the professional standards of the present 
D.L.S. providing a broader based qualification 
that will embrace all persans engagea in surveying 
whether on land , over or under water (mainly the 
offshore environment) or from the air. The 
broader based qualification will result in higher 
educational requirements and will substitute train­
ing and experience for the present formal 
articling system . This latter change is signifi ­
cant in that it will allow commissions to be 
granted to qualified and experienced surveyors 
even though they have not had the opportunity in 
the past to article formally to a Dominion Land 
Surveyor . It will of course have a profound 
effect on professional hydrographers who have been 
carrying out surveys over Canada Lands for genera­
tions. 

Before the revised Act can be proclaimed 
as law, a number of actions must be taken with 
respect to Part 1 dealing with examinati ons and 
powers and duties of Canada Lands Surveyors. One 
of the actions required is the deve l opment of a 
new set of examination regulations that I mentioned 
earlier and the appointment of a new Board of 
Examiners. 

To deal with these matters, the Director­
General of the Surveys and Mapping Branch appointed 
the Canada Lands Surveys Act Advisory Committee. 
The committee is composed of the heads of the 
federal agencies representing the four major fields 
of surveying which of course includes the Dominion 
Hydrographer, and has members representing the 
present Board of Examiners , the Dominion Land 
Surveyors Professional Affairs Committee , the 
Canadian Council of Land Surveyors and the private 
sector of the Canadian survey industry . 

The Committee has developed a set of 
criteria to be used for the commissioning of 
Canada Lands Surveyors. These criteria represent 
the consensus of the committee on a number of 
tapies such as, 

a) The major fields of surveying to be 
covered by the new commission . 

b) The new level of educational qualifica­
tions required. 

c) The duration and type of required 
training and experience . 

d) Provision for a grandfathering process 
of limited duration . 

e) Transitional process from the present to 
the new system of qualification. 

These criteria have been incorporated 
into a draft of new examination regulations. The 
committee has also been involved in the prepara­
tion of a new examination syllabus and the identi­
fication of minimum entrance requirements. This 
i s a complex task and requires the setting of 
l ong term philosophies and objectives . Representa­
tives of a number of Canadian universities have 
been involved in this part of the committee ' s work . 

Hopefully , the committee ' s initial task 
will be concluded soon . The final phase will be 
the three following simultaneous actions: 

- Proclamation of the revised Act. 
- Appointment of the new Board of Examiners. 
- Promulgati on of new examination regulations. 

It is too early yet to set exact target 
dates . It was originally hoped the act could be 
proclaimed by September 1978. However there may 
well be slippage past this date. If the act is 
not proclaimed by October 1, the Board will have 
to defer implementation of the new examination 
process until 1980. 

Within the Ser v i ce the first cartogra­
phers to be moved under our decentralization 
program have moved to the Atlantic , Pacifie and 
Central regions as well as to the newly established 
region in Quebec City . This program will be con­
tinued in 1978 and completed in 1979 . With almost 
all of the cartographie work to be carried out in 
regional offices we have had to carry out a careful 
examination of procedures and the allocation of 
responsibilities between headquarters and the 
regional offices. 

Twelve New Charts, 87 New Editions and 
90 Reprints were produced in 1977. Two new Chart 
Catalogues were published completing the replace­
ment of our former twelve Information Bulletins by 
four catalogues . Pive r evised volumes of Sailing 
Directions were published in English and one in 
French . 

In 1977 all e l ements of the Fisheries and 
Marine Service within our department were subjected 
to a Zero A-Base Review in which every task and the 
allocated resources had to be identified together 
with its legislative or other mandate . This 
exercise absorbed a lot of time of our senior staff 
but clearly identified t o the senior management of 
t he department the serious back-log of work that 
has accumulated in chart p r oduction . Thi s is a 
result of the numerous additional jobs thrust upon 
us over the last two decades with no augmentation, 
indeed I believe a reduction , in total resources. 

Partly out of the Zero A- Base Review, and 
partly out of t.he new federal government policy on 
contracting out the governments requirements in 
science and technology, a Task Force was estab­
lished to review the extent to which hydrographie 
activities could be contracted to the private 
sector . 

Phase II of the Zero A-Base Review 
started recently and we have just submitted a 
further report examining in detail the minimum and 
optimum resource levels for the CHS and the need 
for ships to be dedicated to hydrography. In ouI 
r eport we have used several comparisons to the 
level of effort by the National Ocean Survey and 
the British Admiralty in charting home waters. 

In 1977, we were able to bring our Carto­
graphie Training Unit up to full strength and give 
our first e l ementary cartography course. The 
syllabus for an advanced cartography cour se is now 
being devel oped . In 1978, we plan to run two 
Cartography I courses and p l anning is underway for 
a Cartography II course . These courses are 
intended to paralle l our well established 
Hydrography I and Hydrography II courses. I also 
hope that our National Cartographie Appraisal 
Board will finally corne into full effect this year . 



As a result of our research and develop­
rnent efforts rnost of our new chart s are now being 
digitized and the final line drawings prepared on 
our Gerber high precision plotter . This is now 
giving us a data bank of digita l data which will 
in future be used to produce srnaller scale c harts . 
In addition GOMADS, the interactive editing system 
is now being fully irnplernented in a ll of the 
established regions. 

The third generation of our autornated 
hydrographie data l ogging system , incorporating 
rnicro- processors was evaluated in the field . This 
cornpl etely integrates the collecti on of tirne, 
position and depth data in digital form. The best 
rnethod of editing this data prier to the field 
sheet being drawn on an autornatic plotter is 
actively under review. 

1977 was an active year for Loran- C 
calibration . An elaborate calibration of the 
Canadian West Coast chain using CSS Parizeau and 
subsequently CSS Vector , and staff and equiprnent 
frorn each of our regions and headquarters , was 
carried out in April and May. Thi s determined 
the errors caused by transrnitting the signal over 
long overland paths characterized by irregular 
terrain. Unfortunate l y, the calibration showed 
that the new chain did not provide adequate 
signal strength in Dixon Entrance and in 
the approaches to the Strait of Juan de Fuca. The 
Ministry of Transport now propose to establish 
an addi tional transrnitter at the north end of 
Vancouver Island t o se lve this probl ern . Three 
srnal l scale charts showing Loran-C lattices 
obtained frorn theoretical data were issued before 
the West Coast chain went on the air and a series 
of medium scale charts are being produced with 
latticing corrected for additional secondary 
phase factor. 

Central Region have continued their 
monitoring of Loran-C around the Canadian s hore­
line of the Great Lakes to enable the lattices to 
be adjusteù . The Navigation Group in Atlantic 
Region used CCGS Narwhal in Novernber and Decernber 
to carry out calibrations over the Grand Banks 
and along the Labrador Coast. They also evaluated 
a large number o f commercial receivers. 

The Canadian Hydrographie Service has 
been jointly sponsoring with the Canada Cen tre for 
Rernote Sensing an aerial hydrography project. 
This is based on using an inertial navigation 
system to sense the exact attitude of an aircraft 
and to carry forward its position. This informa­
tion is updated at very frequent intervals and 
recorded digi tally . It is also provided to the 
pilot f or navigational purposes. The aircraft 
flies over a c luster of known t argetted poi nts at 
the start and fini sh of each run t o deterrni ne an 
initial and fina l position , the position and 
attitude of al l intervening photographs can then 
be cornputed. This system holds great p romi se for 
covering chains of islands or coastline where 
normal techniques cannot be used. The camera will 
use colour film chosen to give maximum water 
penetration so that it should be possible t o chart 
rnany of shall ow water areas. The first field 
trials are in progress. The second phase will 
incorporate a laser to establish a profile on the 
sea bottorn along the aircraft track to provide 
the necessary ground truth . 
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The imminent advent of 50' draft vessels 

in the Arctic rnakes it essential that we substan­
tially irnprove our capability for Arctic surveys. 
One of our major thrusts at this tirne and in the 
near f uture will be to irnprove the charts in the 
Canadian Arctic to rneet the needs associated with 
expl oiting. This is ful l y evidenced by the fact 
that in 1978 a ll three established regions will 
operate major survey parties in Arctic waters . 

Last Fall the Interdepartrnental Committee 
on Energy R & D (Transportation Sector) approved 
an R & D proposal providing the CHS with $200K 
in the last fiscal year and an anticipated $300 -
400K/year for this and the following three to four 
years t o develop irnproved equiprnent and operating 
techniques for the rneasurernent of bathyrnetry in 
support of transportation in the Arctic . The 
prograrn has as its research objectives, investiga­
tion into ice physics and electrornagnetic and 
acoustic propagation in ice and ice covered waters . 
Research will a l so be done on survey vehicles 
with stress being placed on air cushion vehi cles, 
helicopters, terrain contact vehicles and submer­
sibles . The successful cornpletion of this program 
wil l be a major rnilestone in Arctic hydrography . 

We are now deep l y involved in planning 
the International Hydrographie Technical Con­
ference to be held in Ottawa, May 14-18, 1979 
under the joint auspices of the Fédération 
International des Géornetres , the Canadian Insti­
tute of Surveying and the Canadian Hydrographie 
Service. The therne of the conference is "Deve l op­
rnen t of Ocean Re sources " and the conference will 
include papers on bottorn rnapping techniques; 
location and empl acement techniques for drilling 
rigs , production platforrns and pipelines; inter­
national concerns ; and the education and training 
of hydrographers . 

On a more personal note , I know that you 
wil l want to join with me in congratulating two 
presently serving rnernbers of the CHS, T.B . (Bert) 
Smith and Cyri l Champ and one ex CHS rnernber but 
very active hydrographer Torn McCulloch on their 
being awarded Silver Jubilee rnedals commernorating 
the twenty-fifth year of the reign of Queen 
Elizabeth II. 

Two weeks ago , I attended the retirement 
cerernony for F.L. ' Dusty ' De Grasse, and later 
this year we wi ll say "au revoir" to Jack Chivas, 
Fred Srnithers and Capt. Frank Green, former rnaster 
of the Parry , Marabell, Vector and Wrn. J . Stewart. 
We wish thern well in their retirement . 

We were all shocked by the sudden death 
of Ells Walsh on Novernber 19th, less than t wo 
years after his retirement. Ells joined the 
Servi ce in 1947 and was Chief Compiler frorn 1955 
until 1968 when he became Chief of Chart 
Production. His last assignrnent was as Interna­
tional Hydrographie Bureau Officer . The new four 
colour, rnetric bilingual contoured format now 
being used on the joint U. S .A. and Canadian charts 
of Lake Erie and Ontario, will be an enduring 
monument to Ells' major contribution to Canadian 
and international charting. 
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As rnany of you know I have not been at 

rny own desk for the past e i ght rnonths or so, as 
I had been asked to assume the duties of Assistant 
Deputy Minister , Ocean and Aquatic Sciences in an 
acting capacity for an indeterrninate period. 
Hopefully with the announcernent on April 6, of a 
Deputy Minister pro tern for our new Departrnent of 
Fisheries and The Oceans, sorne action will soon 
be taken to fill this post on a full - tirne basis 
and I will be free to return to rny postas 
Dominion Hydrographer. I n the rneantirne I would 
like to thank all of those who have shouldered a 
heavy load over an unexpectedly long period of 
tirne and in a time of great uncertainty as to 
where our future lay . 



Captain Cook and the Pacifie 
A Graphie Survey 
D .W. WATERS 
Deputy Director, 

National Maritime Museum 

Greenwich, England 

Abstract 

Captain Cook ' s Pacifie Voyages (1768-71 , 
1772- 75 , 1776- 80) are remarkable for many reasons; 
in an age when half a ship ' s company could die 
of scurvy in the course of an extended voyage, 
in the course of three 3-years long voyages 
Cook lost not one man from scurvy; in an age 
when, in the words of the Astronomer Royal in 
1763 , "even the ablest and most careful navigators" 
were often "five , ten or even fifteen degrees " 
in error in longi t ude " in the course of long 
voyages " Cook was seldom more than lf

0 
in error 

during his firs t voyage and thereafter within 
3 ' - 9 ' ; as his great biographer J. C. Beaglehole 
said, "his competence changed the face of the 
world" . While it did this geographically i n the 
course of three dramatic voyages it effected 
far more, it established geography as "a scien ce 
of facts", it e nriched man's scientific knowledge 
of the living wor ld on an unprecedented scale and 
with unprecedented rapidity, knowledge of the 
peoples, fauna and flora of the earth and of the 
denizens of the deep of no less than one third 
of the world; moreover , it did so pictorial l y, 
graphically and wi th the evidence of scien tific­
ally o r ganized specimens over and above the long 
and detailed published reports an d narratives. 
The influence of the scientists and seamen 
engaged on these voyages upon t he artists 
accompanying them and the influence of thei r 
work upon European art and tas t e was significant 
and ineradicabl e. 

Si nce Apr i l 1978 is the 200th anniversary of 
Càp t a in Cook ' s s t ay at Nootka Sound where he 
arri ved on 29 Mar ch 1778 and whe nce h e depart ed 
26 April 1778 , I th ought it bes t to make my 
con tribution princ i pall y in t he form of 
ill us trations made by a r tists on his t h ree Pacifie 
voyages - 1768- 71 t o t he South Paci fie , 1772 - 75 
likewise and 1776- 80 t o the Nor th Pacifie . I 
th ink it useful t o do so for , while it is wel l 
known t hat " his compe t ence changed t he face of 
the wor ld:, wha t is not so gener a l ly known i s 
tha t Captain Cook ' s artists inf luenced European 
art significantl y whilst at the same time i nform­
ing both the educated public of Europe and 
scien t ists of many nations as t o the appear ance 
of pl aces and peoples inhabiting v i rtuall y , if not 
entirel y , unknown areas of the wo r ld - one t hird 
of i t, in fact - t he Pacifie . 

As I am speaki ng t o a professional body I 
have though t i t b es t tole t the Admi r al t y and 
Capta in Cook do mos t of the expl a na t ion o f th e 
ab jec t s of th e va rious voyages and his ach i eve­
ments s ince th ey a r e couched in of f icia l l a nguage 
of ins t ruc t ion a nd repor t, wh ich wi l l be 
familia r to many of you . 
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I propose therefore, to gi ve the occasions 
for t he voyages briefly , tole t t he chief ac t ors 
dec l aim their par t s , then put the artis t ic scene 
into perspective and, finally project the pictures 
let t i ng them speak - as it were - for themselves 
with no more prompting from me than I deem 
necessary to put them into con t ext. 

I n the 1760 ' s there were some great ma tters 
of interest to t he British government - t he 
ques tion of whether a habitable great sou thern 
con t inent exis t ed in the southern oceans , whether 
a sea route practicable for sailing ships linked 
the North Pacifie with the North Atlantic , 
whether practicable solutions of " general utility " 
to seamen could be found to the problem of 
findi ng longi t ude at sea and wh ether it was 
possible for a ship to keep the seas for voyages 
as l ong as three years far from a base - for such 
seemed to be the time necessary for voyaging 
to, across and f r om the Pacifie from Europe, 
specifically, Engl and . Cook set t led the 
Admiralty ' s doubts on a l l these matters , once and 
for a l l, in the course of his three voyages and 
in doing so, undoubtedly proved himself to be, in 
Admiral Sir Hugh Palliser ' s words , "The ables t 
and most renowned navigator th i s or any country 
hath produced". 

Mr . James Cook , Master, Roya l Navy, was 
appointed to command the Endeavour bark, in 
Apri l 1768, to take her to the South Pacifie to 
observe , with an astronomer, the Transit of Venus . 
Promoted to Lieutenant, Cook, before departure took 
on board by Admiralty order, Mr. Banks and his 
part y of two scientists , two ar tists and two 
servants, wi t h their apparatus. After obser ving 
the Tr ansit from Tahiti Cook opened sealed orders 
and r ead : 

Sec r et By the Commissioners fo r 
execu t ing the office of Lord 
High Admira l of Grea t Briêain 
&ca . 

Additional Ins tructions for Lt James Cook , 
Appointed to Co mmand His Majes t y ' s Bark th e 
Endeavour . 

Wh e r eas the making Discover ys of Coun t ries 
h i t herto unknown, and the Attaining a Knowledge 
of di stant Part s which though formerly discover' d 
have yet been but imperfectly expl ored, wi ll 
redound grea tly t o t he Honour o f t his Nation as 
a Marit ime Power , as we l l as t o th e Dignity 
of the Crown of Grea t Britain, and may t e nd 
grea t ly to t he advancemen t of th e Trade and 
Navigat i on ther eof ; and Whereas t here is reason 
to imagine tha t a Continent or Land of gr eat 
ext ent, may be found to t he Southward of t he 
Trac t l ately made by Captn Wal l is in Hi s 
Majes t y ' s Sh ip the Dolphi n . . . 

You are to proceed to the southward i n or de r 
to make discovery of t he Cont inen t above­
mentioned un t il you arri ve in the Lati t ude of 
40° , unless yo u sooner fa l l i n ~i th it. But 
no t having di scover'd it or any Evi dent signs of 
i t in that Run, you are t o pr oceed un t i l you 
discover it , or fall in with the Eastern s i de of 
the La nd discover ' d by Tasman and now called 
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New Zeland. 

If you discover the Continent above-mentioned 
either in your Run to the Southward or to the 
Westward as above directed, You are to employ 
yourself diligently in exploring as gr eat an 
Extent of the Coast as yo u can; carefully 
observing th e true situation thereof both in 
Latitude and Longitude, the Variation of the 
Needle, bearings of Head Lands, Height, direction 
and Course of the Tides and Currents, Dâpths and 
Soundings of the Sea, Shoals, Rocks, &c . and 
also surveying and making Charts, and taking 
Views of such Bays, Harbour s and Parts of the 
Coast as may be useful to Navigation. 

You are also carefully to observe the Nature 
of the Soil, and the Products thereof; the 
Beasts and Fowls that inhabit or frequent it, 
the fishes that are to be found in the Rivers or 
upon the Coast and in wha t Plenty; and in case 
you find any Mines, Minera l s or va l uable stones 
you are to bring home Specimens of each, as 
also such Specimens of the Seeds of the Trees, 
Fruits and Grains as you may be able to collect, 
and Transmi t them to our Secretary that We may 
cause proper Examination and Experiments to be 
made of them. 

You are likewise to observe the Genius, Temper, 
Disposition and Number of the Natives, if there 
be any 

You are also with the Consent of the Natives 
to take possession of ... the Country in the 
Name of the King of Great Britain ... 

Upon falling in with New Zeland carefully 
observe the Latitude and Longitude in wh i ch 
that Land is situated, and explore as much of the 
Coast as the Condition of the Bark, the health 
of her Crew, and the State of your Provisions 
will admit of . .. 

You will also observe with accuracy the 
Situation of such Islands as you may discover 
and make Sur veys and Draughts of such of them 
as may appear to be of Consequence ... 

But for as muchas in an undertaking of this 
nature several Emergenci es may Arise not t o be 
foreseen, and therefore not particularly to be 
provided for by Instruction before hand, you in 
all such Cases, to proceed, as upon advice with 
your Officers you shall judge more advantageous 
to the Service· on which you are employed. 

You are to send ... to our Secretary, for our 
information, accounts of your Proceedings, and 
Copys of the Surveys and drawings you shall have 
made ... 

Given under our hands the 30th of July 1768. 

Ed . HAWKE 
Pi ercy BRETT 
C. SPENCER 

By Command of their Lordships 
PH. STEPHENS 

As a conseq uence Cook rediscovered and then 
surveyed New Zealand wh i ch done in six months 
he logged in his Journal: 

March 
1770 

SATURDAY 31st March. It was therefor e 
resolved t o return by way of th e East 
Indies by t he following rout: upon 
leaving this coas t to steer to the 
westward until l we fall in with th e East 
Coast of New Rol l and and the n to follow 
the deriction o f tha t Coast to the 
northward or wha t other direction it may 
take untill we arrive at its northern 
extremity ... 

The Endeavour an~hored in the Downs on 
Saturday, 13th July, 1771, the voyage having 
lasted very nearly three years . Cook reported to 
Philip Stephens, Secretary of the Admiralty, on 
23rd October, 17 70: 

Sir, -

Please to acquaint my Lords Commissioners of 
the Admiralty that ... arrived at Georges 
Island on the 13th of April . In our Passage to 
this Island I made a far more Wester l y Track 
than any Ship had every done before; yet it was 
attended with no discovery until we arrived withiL 
the Tropick, where we discovered several Islands. 
We met with as Friend l y a reception by the Natives 
of Georges Island as I co uld wish, a nd I took 
care to secure ourselves in such a manner as t o 
put it out of the power of the whole Island t o 
drive us off ... We wer e so fortunate that the 
observations were everywhere attended wi th every 
favourable Circumstance ... I spent near a month 
in exploring some other Islands which lay to the 
Westward, before we steer's to 6he Southward ... 
until we arrived i n the Lat. 40 12' S., without 
seeing the least signs of Land. After this I 
steer 'd to the Westward ... until we discovered 
the East Coast of New Zeland, which I found tg 
consist of 2 large Islands, extending from 34 
to 45° of Sou th La titude , both of which I 
ci r cumnavigated. On th e 1st of April, 1770, I 
quitted New Zeland , and steer'd to the Westward, 
until I fell in with the East Coast of New Rolland, 
in the Latitude of 30°S . I coasted the shore of 
this Country to the N., putting in at such places 
as I saw Convenient, un t il we arrived in the 
Latitude of 15°45' S. , where, on t he night of the 
10th of June, we struck upon a Reef of Rocks, 
where we lay 23 Hours, and received some very 
considerable damage and made the best of my way 
to Batavia ... 

I send herewith a copy of my Journal, containing 
the Proceedings of the whole Voyage, together 
with s uch Charts as I have had time t o Copy, 
which I judge will be suff icient for the present 
to illustrate said Journa l. In this Journal I 
have undisguised truth and without gloss inserted 
the whole Transactions of the Voyage , and made 
such remarks and have given such discriptions of 



things as I thought was necessary in the best 
manner I was Capable off ... as it is, I presume 
this Voyage will be found as compleat as any 
before made t o the So. Seas on the same account. 
The pl ans I have drawn of the places I have been 
at were made with all the Car e and accuracy that 
time and Circums t ance would admit of . Thus far 
I am certa in th a t th e Latitude and Longi tude of 
few parts o f the World a r e better set tled than 
these . In this I was very much assisted by 
Mr . Green, who l e t slip no one opportuni t y for 
making of Obser va tions for settling the Longitude 
during the whole Course of the Voyage; and the 
many Valuable discoveries made by Mr . Banks and 
Dr. Sol ande r in Na tural Hi s t ory , and othe r 
things useful to the learned World, canno t fail 
of contributing very much t o th e Success of the 
Voyage ... 

Having found no Southern Continent, Cook 
proposed he sho uld search th e So uth Seas on 
the highes t latitudes fo r it in a proposed 
voyage , which Cook submitted t o Lord Sandwich, 
First Lord of the Admiralty, on 6th February 
1 772 . The memorandum runs as follows: -

Upon due cons ide r ation of th e discoveries that 
have been made in th e Southern Ocean, and the 
tracks of the Ships which have made these 
discoveries ; it appears tha t no Southern l ands 
of grea t ex t en t can ext end t o the Northward of 
40° Latitude, excep t about the Meridian of 140° 
West , every o th e r part of the Southern Ocean 
have a t different times been exp l or ed t o the 
northward of the above parallel . Therefore t o 
make new discoveries the Navigator mus t Traverse 
or Circumnavigate the Globe in a highe r pa r allel 
than has h i therto been done, and this wi ll be 
best accomplished by an Easterly Course on 
accouot of the prevailing wes t e rly winds in all 
high La titudes ... 

The Yellow line on th e Map shews the track I 
would propose the Ships to make . .. 

Cook r e solutely and successfully fol l owed 
this plan, the circumnaviga tion of the Antarctic 
occupied the three winters of 1772-3, 1773-4, 
and 1774-5, whi le the two inte rvening summers 
of 1773 and 1774 enabled Cook to conduct two 
highly important sweeps of the South Pacifie . 

He logged on Tuesday February 21st, 1775: 

I ha d now made the circuit of the Southern 
Ocean in a high Latitude and travers ed it i n 
such a manner as to l eave not the l eas t room 
for the Possibil i t y of the r e being a continent, 
unless near the Pole and out of reach of 
Navigation; by twi ce visi ting the Pacifi e Tropica l 
Sea, I had not only settled the situation of 
some old discoveries but made there many new ones 
and left, I conceive, very little more to be 
done in that part. 

Thus I flatte r myself that the intention of 
th e Voyage has in every r espec t been fully 
Answered, the Southern Hemisphere sufficiently 
explo r ed and a final end putto the searching 
after a Southern Continent, which has at times 
ingrossed the a tt ention of some of th e Maritime 
Powers for near two Centuries past and the 
Geographers of a ll ages . .. 

Meanwhile the Royal Society had urged 
the Admiralty to mount an expedi tion to discover 
the NE or NW Passage from the Pacifie. Cook 
volun t eered and sailed in Resolution again with 
Discovery in company. 
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By the COMMISSIONERS for Executing the 
Offi ce of Lord High Admiral of 
Grea t Britain a nd Ireland, &c . 

SECRET I NSTRUCTIONS for Captain James 
Cook, Commander of his Majesty ' s Sloop the 
RESOLUTION . 

Whereas the Earl of Sandwich has signified t o 
us his Majesty ' s pleasure, than an attempt 
should be made t o find out a Northern passage 
by sea from the Pacifie to the Atlanti c Ocean; 
and whereas we have, in pursuance thereof, 
caused his Majes t y 's sloops Resolution and 
Discovery to be fit t ed, in all respects, proper 
t o pr oceed upon a voyage for the purpos e above­
mentioned, and, from th e experience we have had 
of your abilit i es and good conduct in your late 
voyages , have though t fit to intrus t you wi th the 
conduct of th e present intended voyage, and 
with that view appointed you t o command the first 
mentioned sloop, and directed Captain Clerke , who 
commands the o ther, t o follow yo ur orde r s for 
his further pr oceedings; You are he r eby r e quired 
and directed t o proceed with the said two ~loops 
directly to the Cape of Good Hope 

You are, if possible, t o leave the Cape of 
Good Hope by the end of Oc tob e r, or the beginning 
of November nex t, and proceed to the Southward 
to Otaheite , or the Society Isles (touching at 
New Zeal and in your way thither, if you should 
judge it necessar y and convenient) ... 

Upon your a rrival at Otaheite, or the Society 
Isles, yo u are to land Omiah .. . and then proceed 
in as direc t a course as you canto the coast 
of New Albion, endeavouring to fall in with it 
in the latitude of 45° O' North . . . Upon your 
a rrival on the coas t of New Albion , yo u are t o 
put into the fi rs t convenient port to r ecruit 
yo ur wood and water, and procure refreshments, 
and th en t o proceed Northward along the coast, 
as far as the latitude of 65°, or farther, if 
you are no t obstruc t ed by l ands or ice . . . 

When you ge t tha t length, you a r e car efully 
to search for, and t o explore, such r iver s or 
inlets as may appear to be of a considerab l e 
ex tent, and pain ting towards Hudson ' s or Baffin's 
Bays; 

At wha t ever places you may touch in the course 
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of your voyage, where accurate observations of 
the nature hereafter mentioned have not already 
been made , you are , as far as your time will 
allow, very carefully t o observe the true 
situation of such places, both in l atitude and 
longitude; t he variation of the needle; bearings 
of head-lands; height, direction, and course of 
the tides and currents; depths and soundings of 
the sea; shoals, rocks , &ca; and also to survey, 
make charts , and take views of such bays, 
harbours, and different parts of the coast, and 
to make such notations thereon, as may be 
useful either to navigation or commerce . You 
are also carefuily to observe the nature of the 
soil . . . 

On 14th February, 1779 Captain Cook was 
killed by natives at. Hawaii, which island group 
he had discovered and returned to after finding 
no passage through the ice . 

SYDNEY PARKINSON, ARTIST 

The most important artist on the first voyage, 
he was the son of an Edinburgh brewer and 
apprenticed as a woollen-draper. 

His skill in botanical illustration a ttracted 
the attention of Joseph Banks , who took him 
into his employ in 1767 and on the voyage 
employed him as botanical draughtsman . 

1,300 drawings and sketches speak for Parkinson's 
industr y in the face of extraordinary hazards . 
On Tahi ti , for instance, flies were so numerous 
that, not only did they caver the subject , they 
even ate the colour off the paper as fast as he 
could lay it on. 

He was one of the twenty-three who died of 
dysentery following the Endeavour·s ten weeks ' 
stay in Batavia for repairs. 

The other artist, Buchan, died at Tahiti. 

WILLIAM HODGES, ARTIST ON THE SECOND VOYAGE 

"The Ac1miralty showed no less attention to 
science in general by engaging Mr . William 
Hodges, a Landscape Painter, to embark in 
this voyage, in order to make drawings and 
paintings of such places i n the countries we 
should t ouch at, as might be proper to give a 
more perfec t idea thereof, than could be formed 
from written description only . .. " 

Hodges had started as an errand to the artist 
William Shipley (1715-1803) - who had founded 
the Socie t y of Ar ts - and had been a pupil of 
Richard Wilson (1713- 82), who was the most 
admired lands cape artist of the day and one 
thoroughly imbued with the principles of 
classical idealism. Nevertheless, Hodges 
paintings, by their (then) unconventional portrayal 
naturalistic atmospheric and light effects 
upon landscapes and sea, frequently reflect the 

influence of the uncompromising natur alistic 
interests of the seamen and scientis ts on board 
the Resolution. 

When the Resolution returned to England, the 
Admiralty employed Hodges at b250 a year to 
complete the drawings and paintings brought home 
in anticipation of publication of the account of 
the voyage . Several of these, or replicas of 
them, were exhibited a t the Royal Academy in 
1776 and 1777. 

Hodges aspired to membership of the Royal 
Academy as a consequence and, because he was no 
longer under the direct influence of seamen and 
scientists these finished works compromise with 
the artistic conventions of che mid-17 70's, in that 
classical idealism is of t en used as the theme for 
a picture which, upon examination, will be found 
to be painted in detail with scientific accuracy . 

Hodges had not only to satisfy persans of taste 
and of scientific bent but also to reconcile 
the undoubted luxury of life in Tahiti and its 
lack of (in Western eyes) moral restraint with 
theological moralistic views upon the causes of 
the fall of man . Therefore scenes of happiness 
or beau t y will be found to contain a l so 
intimations of the mortality of man in the form 
of an ancestral image (tii) or a Toupapow with 
its shrouded corpse . 

Hodges sought to convey the concept that the 
living beauty of t rop ical abundance in a care-free 
island community was at least the equal of the 
nostalgie visions of an arcadia gone beyond 
recall, and that it too, was transient, a reflect­
ion of the frailty of man in comparison with the 
bo unteous works of a Supreme Being . 

On the Third Voyage the artist was : 

JOHN WEBBER, ARTIST (b. 1752, d.1798) 

Born in London, his father known by the name Weber 
was a Swiss sculpter , John Webber received his art 
training in Berne from J . L. Aberli, a German 
painter and engraver of picturesque views of 
Switzerl and. Sent to Paris to comple t e his 
training he went, in 1775 to London to study at 
the Royal Academy . 

In the fo llowing year Dr. Solander noticed a 
portrait by Webber . This led to his appointment 
as official artist to the third Pacifie voyage 
tha t, in Cook' s words, "we migh t go out wi th ever y 
help that could ser ve to make the result of our 
voyage en t ertaining to the generali ty of our 
readers as well as instructive to the sailor and 
scholar " 

Webber , more than any of th e artists of the 
previous voyages, was t o ac t in th e capacity of 
the modern press photographer : as a recorder 
pictorially of memorable events, certainly, but 
also as an illustrator of detail to supply 
"the unavoidable imper fections of written accounts ," 
as Cook put it. 



Webber's paintings, th e r efore , l ack the 
breadth, originality and vi go ur of t ho s e of 
Hodges (who gave up painting for banking in 
Devon, and, when that failed, took his life ), his 
use of colour is more conventionalised. Webber's 
insistence upon bot anica l detail often spo i lt 
the composition of his work . On the othe r hand, 
he initiated, in that he of t en ma de an exo tic 
plant the centre of interest of his painting. 
But his t echniques did not lend themsel ves to 
conveying the brill iance of tropical light a nd 
colour and his r endering of the human form was 
often highly conventionalised. 

Nevertheless, the " gr ea t Varie t y of Portra i t s 
of Persons, Views of Places, a nd Historica l 
Representations of Remarkable Inc iden ts, 
drawn by Mr. Webber during the Voyage, and 
engraved by the most eminent artists " (as the 
title-page of the official account of the 
voyage described them when it came out in 1 784) 
became one of the main founts of the European 
vision of the Pacifie for the nex t fifty years . 

Furthermore between 1788 and 179 2 Webb er 
published a series of sixt een plates of Pacifie 
views, etched a nd coloured by hims el f and, in 
1808 Boydell's published a folio volume of his 
Views of the South Seas . 

The Influence o f the Artists upon Art 

Natura l Settings 

The influence of the ar t is t s upon ar t was of 
no less importance than their influence upon 
science. The effect which their artistic 
r epresentations of the native inhabitants, their 
clothes, weapons, t ools, bouses, b oats a nd 
burial customs in the ir natura l settings had 
upon the ar tistic conventions of the age was very 
considerable . 

Classical Traditions 

Seamen a nd sc i entists expected and demanded 
acc urate representation of scenery and soc i e t y , 
whereas the a rtis t ic tradi tions , tra ining and 
taste of the artist and of the patrons of art 
in the England of the mid- eighteenth centur y 
was steeped in the classical tradition a nd th e 
convention of the great masters of the Rena i ssance 
a nd the patrons expected and a dmired works of 
this nature. 

The Royal Academy 

Ironically the Royal Academy of Art o f which 
Sir Joshua Reynolds (b. 1723 d. 1792), was the 
f irst President was founde d i n the very year 
that Cook se t sail on this first voyage in t o the 
virtually unknown Pacifie - 1768. Ironically, 
because it s formation has been described as 
cons tituting "official recognition in England 
of those neo-classical theories of Italia n origin 
which had been transmitte d t o Britain thro ugh 
French theorists like de Chambray and de Piles, 
na ture it was said, was t o be rendered by t he 
ar tist no t with her imperfections clinging to 
her but in her perfec t forms. Wha t those 
perfect forms were the artist could on l y 
l ea rn by a close s tudy of the masterp i eces of 
the ancien t s and their Renaissance di sciples". 

In the event it was the ar tistr y of 
the na tural ar tists who accompanied Cook 
on this and l a t er voyages which was to prevail 
and transform English a rtistic expr ess i on. 

Seamen a nd Scientists Inf luence th e Artis ts 

Cook was tra ined as a seaman t o keep a 

JO 

l og of the shi p 's movements, a journal of the 
day ' s events and, as a hydro grapher, to make 
exac t r epresentations of the sea coasts and 
hinterland visib l e to the seaman . Banks , himsel f 
a natural historian, was the son and grandson. 
of antiquaries dedica t ed to the observation, 
description and explication of th e materia l 
remains of his tory, he was fur ther influenced in 
this way by the Socie ty of An tiquaries , 
chartered in 1750, for it was a Fellow of that 
Soc i e t y who go t him elec ted to the Fellowship 
of the Royal Society at the age of twenty-three. 

Since its founda tion in 1660, the Royal 
Soc i e t y had not only been devo t ed t o the 
empiri cal observat ion of na ture ("to study nature 
rather than books" ), but as early as 1665 , had 
issued Directions for Seamen bound for far voyages. 
specifying in detail wha t they should obser ve 
and r eco rd and how thev should do so, including 
rnaking Plotts a nd Draughts of prospects of Coasts, 
Promontories , Islands and Ports: it had 
been to fur ther this i njunction cha t the Drawi ng 
School a t Chris t' s Hospita l had been a ttached 
in 1693, t o the Mathernatical School which 
tra ined boys for the Navy , bu t the prac t ice 
arnongst seamen can be traced back to the fift een­
th century . 

Thus, th e a rtists on the first voyage , under 
the comb i ned influence of searnen and scientists, 
drew and painted pic tures in defiance of the 
artis tic conventions of the age . The ships 
brought back naturalistic pictures of a lrnost 
idyllic s cenery which start ed a trend that 
eventually culrninated in t he realism of nineteenth 
cen tury art. 

Two Artistic Cultures in Conflic t 

In th e subsequent voyages other art ists were 
ernp loyed and they were s irnilar l y influenced 
adding their contributions t o underrnine th e 
foundations of neo-classicisrn . 

Sources: 

J. C. Beaglehole, (ed .) The journals of Captain 
James Cook on his voyages of discovery . 4 vols . 
and portfolio of char t s. Hakluyt Society extra 
ser ies , vols 34- 37 . 1955-70. 
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Accurate Chart Latticing 
for Loran - C 
R.M. EATON C.H.S. Atlantic R egion 
A.R. MORTIMER C.H.S. Pacifie Region 

D .H . GRAY C.H.S. Ottawa 

Abstract 

Unless the Loran-C lattice has much the same 
accuracy as any other feature shown, the chart is 
out of balance. There is not much point in chart­
ing hazards with great precision if the mariner 
must allow a large margin for positioning error in 
his navaid. 

The Canadian Hydrographie Services's calibration 
program aims eventually to improve our knowledge 
of radio wave propaga tion so that we can rely on a 
calculated lattice with only a very few check 
points to verify the predictions. While we work 
t owards this , we also map the lattice in the field 
so that we can put it on the chart accurately now . 

We cal ibrated the Canadian West Coast Loran-C 
chain in the Spring of 1977, using Satnav offshore 
to give the ±150 m accuracy needed for latticing 
small scale charts . We looked for and found the 
predicted coastal "phase recovery" using 
Trisponder and Sextant fixing. And we made 
observations on shore by helicopter and calibrat­
ion van to give propagation data for f uture 
predictions. 

Introduction 

In an old history of Newfoundland , one of those 
19th century tomes four inches thick, there are 
maps dating from John Cabo t' s discoveries onwards. 
The early ones are quaint and imaginative -- the 
sort of thi ng you see r epr oduced on a Christmas 
card or Kleenex box. Then abruptly you corne 
across one as correc t in shape and detail as any­
thing from the 20th cent ury. It is James Cook ' s 
map , based on his surveys from 1765- 68. 

In a much smaller way , we aim t o do for chart 
lattices what Cook did for Newfoundland. On pas t 
charts the smooth hyperbolas were mathematically 
correc t, but in fac t somewhat imaginar y . The 
r eason is that nature is not tidy. Because the 
radio wave is slowed down by land the Lo ran- C 
position line is nota plane hyperbola but an 
irregular curve. The kinks in it can be both 
large and abrupt . 

For example, the Y posi tion line of the West Coast 
Canadian Loran-C chain is shifted 2 µs (450 m) in 
20 km at the entrance to the Strai t of Juan de 
Fuca, by the land effec t s illustrated in figure 4. 
(No te that 450 m - 1/4 n. mile - is the advertised 
maximum position error for Loran- C. ) 

Another example: In St. Johns, Newfoundland, a 
fisheries officer recently related how a Portugese 
fisherman anchored eas t of the Virgin Rock, on the 
Grand Banks, complained that the Decca readings 
put him to the west of the Rock. He was quite 
right, and if he had looked up "Radio Aids to 
Marine Navigation" he would have fo und a correcti.cn 

to Decca Purple that moves t he fix two miles to 
the east. But how many mariners look up correction 
tables? 

Computer controlled latt i ce drawing now allows us 
to warp the lattice to follow the real position 
line across the earth 's surface. Using this tech­
nique, the Loran-C lattice should be correct to 
1 mm on the chart like any other feature . After 
a ll, the r e is not much point in f inding all hazards 
t o naviga tion and positioning them with high pre­
cision, if the navigator cannot rely on the Loran- C 
lattice on the chart to keep him clear of t hem . 

The problem is to know exactly where the position 
line runs . We would like t o be abl e t o predict 
thi s ma thematically, but we don't yet know enough 
about r adio wave propagation to do so . We there­
fore mus t go out and map the l a ttice using an 
independen t positioning system, in much the same 
way as we map the depth cont ours. It is pr actic­
able to do thi s for offshore waters, wher e r adio 
propagation is more pred i ctable and the small scal e 
of the chart hides small err ors, so that we don 't 
need ver y many samp l es . But inshore, the 
propagation anomalies are sharper and mu ch mor e 
variable . Mapping them everywhe1e would be pro­
hibitively expensive. and we are forced to leave 
the lattice off the char t unt il we l earn more 
about propagation so tha t we can pr edict coastal 
anomalies from a small number of observations . 

Loran-C 

Loran-C is a medium accur acy hyperbolic navaid, 
which combines l ong range with r elatively low 
cycle ambiguity by making phase comparison t ype 
measurements on a pulsed groundwave . Its r ange 
i s l imi t ed by the reliability of cycle selection 
t o abou t 750 n . miles over sea water , and t o con­
siderably less over land. The repeatability of a 
shipborne receiver is 0 . 2 µs , which is 30 mon the 
hyperbo l ic baseline , and this sets a l imi t on the 
accuracy to which t he char t l a tt ice need be 
calibra t ed. 

Loran-Chas been adopted by the U. S . Coas t Guard 
as their s t andard coas t a l/ confluence zone aid t o 
navigation , and by 1980-81 the entire U.S . Pacifie 
and Atlant i c Coasts and t he Gulf of Mexico will be 
covered , plus the Canadian Pacifie Coast and the 
Great Lakes . The Canadian Coast Guard is con­
s idering a further Loran-C expansion over the 
Canadian Atlantic Coas t t o par t way up the Labrador 
Sea . 

While the Coas t Guard in each country is responsi­
ble for providing and operating radio navaids , the 
U.S. Nat ional Ocean Survey and the Canadian Hydro­
graphie Service are responsible for the lattices 
on the charts, without which the navaid is useless. 
The calibration we describe here was done by the 
Canadian Hydrographie Service in the spring of 1977 
t o produce offshore charts 0f the ar eas covered by 
the Wes t Coast Canadian Loran-C chain . 

Range Measurement Versus Time Differ ence Measuœmert: 

The normal ship-borne Lor an-C r ece iver measures 
the t ime dif ference between the arrival of the 
master and the slave signal. Over this short 



period of less than a tenth of a second a standard 
low cost oscillator gives adequate timing accuracy. 

At the Loran-C transmitters, however, very precise 
atomic clocks (frequency standards) are used to 
control the slave coding delays and the preset 
interval at which the Loran-C transmissions are 
repeated. We have a similar atomic clock attached 
to our calibration receiver. If we synchronise 
our receiver to the arrival of one transmission, 
and to the pulse repetition rate, we can then pre­
dict when the next and all succeeding transmissions 
will arrive; if a transmission arrives ear l y, we 
have moved towards the transmitter, if it arrives 
late we have moved away. 

Taking this a step further, if at the start we set 
up at a known point close to the transmitter, we 
can calculate the travel timé (6 t) of the r adio 
wave, from the known distance from the transmitter 
(6d) and our best estimate of the propagation 
velocity (v): 

ô t 1 6d 
V 

We then synchronise the receiver to the instant 
of transmission instead of to the instant of 
reception. At this short distance, an error in 
the assumed velocity will make only a very small 
error in the synchronisation travel time. 

Then we move out to another known point at a much 
greater distance from the transmitter, calculate 
the distance from the transmitter, predict the 
travel time of the radio wave to that distant 

1000 

..S 800 
(!) 
<[ 
....J 

w 600 
~ 
I 
(l_ 

SEA 

12 
point. Because a small difference in propagation 
velocity will have a proportionately larger effect 
at long range, this comparison should give us a 
very sensitive measurement of propagation velocity. 

A range measuring receiver is strongly affected 
by a change in propagation velocity. But if you 
look at the difference in arrival time between 
transmissions from two stations, the effect is 
very much smaller, pafticularly if the stations 
are nearly equidistant from the receiver. In 
addition, you cannot separate propagation 
velocity along the path to master from velocity 
along the path to the slave. Hence a standard 
time difference receiver is not of much use in 
calibration if you are looking for information on 
propagation velocity. This is why we use rho-rho 
(in navigation these receivers fix the ship by 
measuring two ranges, hence the name "p p" or "rho­
rho") receivers with atomic clocks. In addition, 
our Austron rho-rho receiver gives us the time 
differences provided by a standard receiver, plus 
auxiliary information on signal strength, signal 
to noise ratio, and pulse shape. 

Measuring travel times requires some special 
precautions. · Even an atomic clock is not perfect, 
and we are looking at very small time differences 
-- 3 nanoseconds (10-9 s) per metre change in 
distance. There will inevitably be a very small 
difference in timekeeping b'etween our atomic clac. 
and the one runy~ng the chain. It will only be a 
few parts in 10 , but this is enough to introduce 
an unknown clock rate of some 50 ns (15 m) per day. 
We have to determine this clock rate carefully, by 
returning to the same point at intervals and find-
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FIGURE 1 SECONDARY PHASE LAG OF RADIO WAVE TRAVELLING OVER MIXED LAND-SEA PATHS (From Brunavs, 1976) 

The bottom curve shows an all seawater path. The middle curve shows 100 km of high impedance 
(rocky) land, then sea, with an island at 300 km. The top wave shows an initial 200 km of very 
high impedance mountainous land. Note the "phase recovery" on going from land to sea; it is 
large enough to have a serious effect on inshore chart lattices. 

Phase lags are in metres, in comparison with a reference wave travelling through the atmos­
phere at 299 691.2 km/s. Gronnd permittivity of 15 e.s.u. is used throughout, and the con­
ductivity in mhos/m is marked on the curve. The effect of the transmitter induction field 
is not shown. 
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ing out the rate at which the range measured to 
the transmitter is changing. We can then eliminaœ 
clock rate errer f rom our calibration results . 

Propagation Velocity and the Phase Lag Curve 

A Loran-C receiver measures time, but the chart's 
dimensions are nautical miles, not microseconds . 
Only one position line, the baseline bisector 
along which master and slave are equidistant is 
independent of the propaga t ion veloci ty. All 
other hyperbolas move across the chart depending 
on what value of vis adopted in 

lld = vll t 

Because we are interested in the corrections to a 
chart lattice, we tend t o think in terms of shifts 
in metres, which we call phase lag , rather than of 
different velocities of propagation . The two are 
equivalent . For exarnple, imagine you have two 
receivers set out so that they are both 500 km 
from the transmitter, but one has an all seawater 
path and the other a path over mountains. The 
wave travels so much faster over sea water that 
the pulse at the seawater r eceiver will be 1/3 
way through the first cycle by the time the sarne 
pulse is just beginning at the land receiver. 

0 100 200 

NAUTICAL MILES 

• y 
.300 

FIGURE 2 TRACKS FOR OFFSHORE CALIBRATION (FIRM 
LINE) AND INSHORE CALIBRATION (PECKED 
LINE) 

The "overland phase lag" is 1/3 cycle , which is 
3 . 3 µs, or about 1,000 mat the Loran-C wavelength 
of 3 km . A hyperbolic lattice for the area around 
the land r eceiver, which was based on the seawater 
velocity, would be in errer by 500-2000 m, 
depending on the geometric spread of th~ hyper­
bolic position lines. In fact we would not use 
the seawater velocity for a land signal path, but 
choosing the correct alternative is not easy . 
Figure 1 shows how much the phase lag depends on 
ground conduc t ivity, which is the main component 
of ground impedance . For exarnple, at 100 km from 
the transmitter there is 350 m (1 µs) difference 
in phase lag between the middle curve for hilly 
land of conductivity 0 . 002 mhos m- 1 (such as New 
England) and the upper curve for mountains of 
equivalent conductivity 0.0005 mhos m-1 (such as 
the B.C . Coast Range). Note how the phase lag 
offshore, represented by the right-hand half of 
the curves on figure 1, depends on the impedance 
of the land over the first part of the signal path. 

Finding Ground Impedance : Land Calibration 

We do not yet know enough t o predict ground 
impedance accurately from t he geology and rough­
ness of the terrain. Incorrect estirnates have 
produced lattice errors of 2 µs, which created 
serious inaccuracies . At present the only effect ­
ive approach is to go out in the field and mea&.1re 
phase lag , or propagation velocity, by making 
travel time observations close to the transmitter 
and a long way from it, as described above . From 
this we can deduce the impedance, and then use 
this information to calculate the travel time to 
other points, (so long as we can reasonably assume 
the terrain on the path to them has the sarne 
impedance as the path we measured) . After we have 
measured phase lag over a l arge number of lines, 
we hope to be able to predict impedance by match­
ing similar paths on the geological map. 

This Pacifie Coast calibration was the first on 
which we have made land observations. We did so 
with some trepidation, as we knew that cliffs and 
rnountainous terrain would cause phase anomalies, 
and so would power lines and buildings close to 
the observation points. For synchronisation , we 
chose geodetic points close to the master and Y 
slave transmitters that avoided these problems, 
and for the distant point we used the wharf at 
Patricia Bay (south end of Vancouver Island) . 
(See figure 2.) We also planned observations at 
interrnediate distances. 

We decided to move by helicopter because of the 
long distances involved, and technician R. Loschiavo 
fitted the rho-rho receiver and its no-break power 
supply in a Canadian Coast Guard Bell 212, where 
it worked very well. We landed close to the 
geodetic station, put out an 8 ft. whip on a board 
over the plug, and connec t ed it to the receiver 
with a shielded antenna lead . Having taken the 
reading we disconnected the antenna and moved to 
the next point. There was no need to track the 
Loran-C signal while flying, so long as we main­
tained synchronisation by means of the atomic clock. 

After the usual initial problems all seemed to be 
going well with this operation when a t one obser­
vation point we did an overdue experiment to verify 
the technique. We moved the antenna about 30 m 
towards the transmitter, expecting to see the 
equivalent 0.1 µs decrease in travel time . In 



fact the reading increased by 5 µs. Further tests 
made it clear that the reading varied depending on 
the orientation of the antenna lead relative to 
the transmitter, with shifts of up to half a cycle 
(5 µs) when within 50 km of the transmitter , and 
of 0.5 µs when 300 km from the transmitter. The 
antenna lead was perhaps acting as an auxil i ary 
antenna, or as a re-radiator. We therefore moved 
the equipment into a van, where the antenna could 
be installed on the roof with a very short l ead 
directly to the receiver. We found no measurable 
variation in reading as the van was turned through 
different headings relative to the direction of 
the transmitter. 

We repeated the land calibration with this set-up 
until over-heating in the van (which was no t air­
conditioned) stopped work for the summer. The 
results were reliable, but still notas accurate as 
we had hoped. Agreement between repeated t r avel­
time measurements was in the worst case ±1 us over 
a travel time of about 1,000 µs, instead of the 
±0.1 µs we aimed for. The value for land con­
ductivity deduced from these measurements varies 
depending on the path from O. 0006 to 0,0015 mhos 
m-1, with an estimated reliability of ±0.0005 
mhos m-1. 

We expect to improve on this reliability in future, 
using the experience of the first test. We sus­
pect that the clock rate of the atomic frequency 
standards is one source of error; we have to 
determine it very carefully, and in the calibration 
van it may vary due to vibration and temperature 
changes. We need to learn more about selecting. 
good observation sites where the phase reading is 
not affected by buildings, trees, power lines, 
railway tracks, or nearby mountains. Finally, 
because the real life phase lag curve is not 
smooth, as shown in figure 1, but varies as the 
ground impedance changes slightly along the line, 
we must observe at a series of points along the 
curve and not just at bath ends (as was planned 
for this test before time ran out) . 

Over-water Phase Lags - Offshore Calibration 

In the land calibration we attempted to tie clown 
the left-hand over-land part of the phase lag 
curve, (figure 1) with some success. Next, we 
looked at the flat right-hand over-water part of 
the curve -- passing over the abrupt jump a t the 
land/sea boundary -- which we will corne back to 
later. The impedance of sea water hardly varies 
and, so far as chart latticing is concerned , that 
part of the graph is really as smooth as it l ooks. 
However the level of the curve depends on the 
conductivity of the land in the first part of the 
signal path, and as noted we cannot yet predict 
that from geological information. Therefore we 
calibrated all along the B.C. coastline to measure 
this level, running a double line in order to 
verify any unexpected readings (see track of 
Parizeau on figure 2), and using Satnav as the 
position reference. As figure 3 shows, we could 
expect ±150 m accuracy from satellite fixes; since 
the scale of the charts for which we were cali­
brating was 1:150,000, that would limit errors to 
±1 mm. 

We sailed on Parizeau on 21 March, and were in 
Winter Harbour for clock rating on the 23rd, 199 
years almost to the day later than Cook put into 

u 
Nootka Sound, 80 miles to the south. We were 
luckier than Cook with the weather, as we had 
only one blow in our three week cruise, and we 
were able to follow the inshore passage that he 
certainly would have taken, charting as he went, 
had not spring gales forced him well clear of that 
l ee shore. 

More than 200 satnav fixes along Parizeau ' s track 
provided corrections to chart lattices, and the 
two lines westward to the 200 mile limit, along a 
radial from the master transmitter, verified that 
the graph has the shape predicted by the mathe­
matical model we are using. Observations in any 
one area agreed with each other to 0.5 µs, (±150 m 
in range), which agrees with the expected accuracy 
of satnav. 
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FIGURE 3 ERROR IN SATNAV FIX UNDERWAY AT SEA 

A plot of the difference in position between simul­
taneous "Trisponder" precision microwave fixes hav­
ing about 20 m accuracy, and Satnav fixes , observed 
on CSS Hudson in Lancaster Sound, September 1976. 

The corrections were certainly significant. For 
example, we found an increase in correction to the 
X position line of 2.5 µs from west to east across 
chart 3652, which covers the approaches to the 
Strait of Juan de Fuca. If a mean correction were 
app l ied to this chart, the residual error of ±1 . 2 
µs at either sicle would move the position line 3 mm 
on the chart or 450 mon the ground . The chart 
alone would be contributing the maximum 1/4 n. mile 
error advertised for Loran-C . Fortunately, com­
puter draughting makes it feasible to warp the 
lattice and put the line in the right place. 

There is one error in any phase comparison system, 
Decca or Loran-C, that swamps all others. The 
receiver must make the correct decision on which 
whole cycle to track. A cycle selection error in 
Loran-C is 10 us, which could be catastrophic when 
close to hazards . Land path from the transmitters 
distorts the Loran-C pulse and makes such errors 
more likely, particularly at long range , and this 
chain has far more land path than any of the 
earlier Loran-C chains. 

We had two standard hyperbolic receivers onboard, 
and at about half hour intervals the watchkeeper 
switched them bath on for a cycle selection test. 
The results were alarming; in the centre of the 
coverage area cycle selection tests were only 
80-90% correct, in Dixon Entrance with the southern 
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Y slave at maximum range only 70% correct, and in 
the Strait of Juan de Fuca where the signal from 
the northern X slave has to struggle over the Coast 
Range neither receiver would acquire groundwave 
(Mortimer , 1977). Adjustments at the transmitters, 
made af t er our tests, appear to have improved per­
formance in the central part of the chain; subse­
quent tests by the Coast Guard have shown 1007. 
correct cycle selection there, which is in line 
with extensive tests we have made on the Atlantic 
Coast. To remedy problems i n the Strai t of Juan · 
de Fuca and i n Dixon Entrance , a third slave will 
probably be built a t the northern end of Vancouver 
Island . Meanwhile cautions on the char t warn 
mariners of cycle selection problems in these areas . 

Phase Recovery at the Coas tl ine: 
Inshore Calibration 

The most intriguing fea ture of the phase lag curve 
in figur e 1 is the striking "phase recovery" at 
the coas tline as the wave passes from land to sea . 

Visualising the wave f ront in three di mensions , 
the lower part of the wave, slowed by the drag of 
the ground, l ags fu rther and f urther behind the 
upper part as the wave crosses the l and. At the 
coas t line it suddenly encounters the much lower 
impedance of the sea , and in a very short distance 
the bottom tries to catch up wi t h the t op, as 
though the whole wave f ront were an elastic balloon . 

Phase recovery is predic t ed by the mathematical 
model we use, as a consequence of the "reciprocity 
principle" , which requires that the effective 
phase lag be the mean of the phase l ag calculated 
from transmitter to receiver with that calculated 
from the r eceiver back to the transmitter (Milling­
ton 1949, Bigelow 1963). 

Phase r ecover y was verified during t es ts on Decca 
transmissions across the sou t h coast of England by 
Pr essey , Ashwell and Fowler (1956) . They also 
found that the change within half a wavelength 
(1.5 km) of the coastline was larger and sharper 
than predicted; and that there were variations 
from theory of abou t 1/100 cycle (0 .1 µs or 30 m 
for Loran-C) ou t ·to five wavelengths ( 15 km) from 
the sho r e . 

All this is unfortunate, because mos t hazards to 
navigation lie within 15 km of the shore . Although 
mariners canuse radar there , identifica t ion of 
the point returning t he echo is of t en un cer t ain , 
particularly on a fea turel ess or low-lying coas t­
line , and it would be very valuable if th e Loran-C 
lattice could be located reliably enough t o pu t it 
on the chart. 

The inshore calibration of last spring was intended 
to explore this problem r ather than t o salve i t, 
which may take years . We aimed to check that phase 
recovery ac tually does occur with Loran-C; t o see 
how c losely it follows the predictions; and to find 
out what effect the ex tr eme topogr aphy of a B. C. 
coas t al fiord has on phase l ag and performance in 
general. 

The first test in the Vector consis t ed of running 
out f r om Vancouver Island acr oss the entrance to 
the Strait of Juan de Fuca past Cape Flattery, 
shown as a pecked line on figure 2. We planned to 
use tri sponder positioning, but had trouble with 
one transponder and so used sextant fixing for 

part of the track. 

The two lines running out to sea from Vancouver 
Island are radials from the master transmitter, 
and both showed clear evidence of phase recovery. 
The reduction in phase lagon leaving the shore 
was 1.0 µs for 30 km increase in distance from the 
transmitter, as shown on the top curve of figure 4 
(next page). That is doub l e the predicted phase 
recovery, per haps due in part t o the influence of 
the 1, 000 m high mountains on Vanco uver Island, 
which accentuate the land/sea boundary effec t . 

The path from the Y slave changes abruptly along 
the longer l ine running southwest from Vancouver 
Island . Initially, the signal arrives up the 
strait . Then as the ship cornes under t he " shadow" 
of Cape Flattery the pa th changes suddenly to land 
(figure 2) . This shows up gr aphically on the lower 
curve of figur e 4, with a 2 µs increase in phase 
lag over 20 km . 

Finally, to t es t the performance of Loran-C among 
s teep-to isl ands and in a mountain fiord , Vector 
spent fo ur days in the Strait of Georgia , and up 
Howe Sound, just north of Vancouver . Howe Sound 
is only 3 km wide and the mountains go st r aight up 
t o 1500 m another 3 km back from the shore , and so 
it was not surprising the signal strengths were 
marginal and the receiver lost lock on making the 
t urn at the head of the fiord . However envelope 
shape diagnostics on the monitor receiver indicated 
that the signa l was mer ely weak and not distorted . 

Howe Sound is aligned a lmost exactly i n the 
direction of the master transmitter, so that the 
signal was travelling along a channel one wave­
length wide , with mountains on both sides a t the 
head and a ll the way for 35 km down one side. One 
might have expected confused phase effects un der 
these circumst ances , bu t i n fact the master signal 
showed a reasonably smoo t h phase r ecover y curve 
from 2 km short of the head of the fiord ou t i nto 
open water, with undula tions of about 0.3 µs which 
may have been partly due t o problems i n sextan t 
fixing on tangents of land (Mortimer, 1978). 

The signal from the Y s l ave crosses the fio r d a t 
abou t 60°, so tha t the ship was wi thi n the half 
wavelength (1 1/2 km) zone of very high phase 
change most of the time . This phase change turned 
out to be a sensitive indicator of how close t o 
the shore the ship was, indicating t ha t the change , 
though s t eep , is regular . 

Howe Sound widens at the entrance, with a l arge 
island in the middle . Vis ualised in three dimen­
sions, the phase lag in t he vicini t y of this island 
l ooks like a tree stump , wi th a large butt r ess root 
falling away in a sou thwes terly direc t ion, represent­
ing the phase recovery in the master signal . We 
r an a series of lines across this "buttress" , and 
did in fac t find a ridge of phase lag in the lee 
of the island, decreasing in amplitude as we go t 
further away. As befor e , t he phase lag was gr ea t e r 
than predi c ted, but the excess decayed in a r egular 
f ashion : 



Distance from coas t­
line (km) 

< 1 
2 
7 

10 
25 
32 

Excess of observed phase 
change over predic ted (µs) 

1. 5 
0.5 
0. 4 
0. 2 
0.0 
0 . 0 

Table 1 

Excess of observed phase l ag over predic t ed phase 
lag close in to mountainous B. C. coastline . 

îhe results from t his inshore calibration agree 
qui te closely with Pressey ' s conclusions quoted 
above . They indicate that some kind of scaling 
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effect , probably associated with the ruggedness 
of the terrain, should be appl ied t o predictions 
for the nearshor e zone. An ext ension of P. Brunavs 
work on approxi mating the effec t of terrain by 
adj usting the ground impedance (Brunavs 1976) may 
be successful in modelling this, as migh t the 
approach of Johl er and Doherty in modelling the 
"Dea t h Valley Anomaly" (Doherty, 1974). 

The r esults ind i cate that t he coas t al effect 
depend s mainly on the l and on the direct line to 
the transmitter, and does not appear to be much 
affec t ed by reflections from the land on ei ther 
side . We need mo r e evidence to be sure of this 
point, but it is a hopeful conclus ion, as i t would 
be impossible t o predict phase l ags if reflections 
had strong effect. 

STR. OF JUAN DE FUCA : SEAWARD OF CAPE FLATTERY 
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FIGURE 4 OBSERVED VARIATIONS I N PHASE LAG CLOSE TO SHORE 
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The top curve shows a phase recover y of a microsecond i n 30 km as the ship steams away from the 
l and along a r adial from the Master t ransmitter. The bottom curve shows an abrup t increase in 
phase l ag as the ship passes from the s trai t, where the Y s l ave is seen over wat er, into the 
shadow of Cape Flat t ery . 

The track fol l owed is shown on figure 3 . 
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Conclusions 

This calibration again demonstrated the effective­
ness of Satnav in mapping the Loran- C lattice for 
small and medium scale charts, to 150 m accuracy . 

We had modera te success in determining ground 
impedance from land observations; we learned a lot 
and expect imp roved results from future work . 

We verified the general shape of the predicted 
phase lag curve , i ncluding phase recovery a t the 
coastline . 

We confirmed earlier observations that the phase 
change at the coastline is as muchas 2 µs greater 
than predicted, but found that even under the 
extreme conditions of the B.C. fiord coastline, the 
excess phase change appears to be regular . This 
raises our hopes that extensions to the existing 
mathematical model will enable us to predict near­
shore phase recovery, at l east in less rugged 
t errain where the effect is not so pronounced. 

Epilogue 

If we want a father figure for hydrography, Captain 
James Cook is a prime candida t e . He had great 
qualities of seamanship, a strong sense of 
scientific enquiry, and he treated his crew and 
the natives he came across with consideration. 
Bayfield and Boulton, who surveyed Newfoundland 
waters in the 1800s said of their predecessors 
that most of them were a danger to seamen : "Throw 
away Des Barres and the rest. Two only could be 
trus ted -- Cook, and Lane" (Lane was Cook ' s senior 
assistant) (Beaglehole, p . 97) . We aim to put 
the Loran- C lattice on the chart wherever it can 
be useful, and to make sure that the position 
lines we put down can be trusted . 
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Canada's Role in the International 
Tsunami Warning System 
S.O. WIGEN 
C.H.S. Pacifie R egion 

Abstract 

Canada has been an active participant 
in the Tsunami Warning System for the Pacifie 
from the time of its internationalization. 

This paper reviews alternatives for 
Canada' s continuing r ole in view of the changi ng 
warning needs imposed by increase in coastal 
industries and populations , the potential use 
of satellites in warning systems , and the need 
to extend warning capability to ocean areas 
beyond the Pacifie . 

TSUNAMIS , THE INTERNATIONAL WARNING SYSTEM , AND 
CANADA ' S ROLE . 

Tsunamis , sea waves generated by 
impulsive submarine disturbances , have been a 
phenomenon known for many centuri es . Most 
commonly they originate from the vertical crustal 
disp l acements in the trenches off island arcs 
and continents associated with underthrusting by 
tectoni c plates . Occasiona lly they are produced 
by earthquakes where the motion is primari ly 
horizontal, by submarine vo lcanoes, or by 
landslides . Earthquakes of Richter magnitude 
6 . 5 or less are occasional l y tsunamige nic, and 
7.5 or greater, in shallow seas , frequently so . 

Tsunamis may inflict havoc on coastal 
areas adjacent to the disturbance i mmediate l y 
or within minutes after the coast has been shaken . 
But then waves may a l so arrive without warning 
or tremor at distant shores , destroying homes 
and harbour faci l ities, taking lives and striking 
terrer among unprepared peopl e. The suddenness 
and the destructiveness of these waves has made 
them particularl y threatening . 

Geophysic i sts and oceanographers 
recognized that since t sunamis travelled in average 
ocean depths at about 700 km per hour , distant 
shor es could have sufficient time for a warning 
of their appr oach . The communication technology 
developed during World War II made it possible 
to collect seismic reports from observatories 
after major earthquakes and determine each 
epicenter, interrogate tidal stations for possible 
wave action , and transmit warnings to nationa l 
agencies responsibl e for threatened coasts . 

The earthquake of April 1, 194 6 in the 
Al e utian Trench triggered a tsunami that struck 
near and d istant coasts. In Hawaii it produced 
waves up to 1 7 meters in he i ght , and was rated 
as being the worst natural disas t er in the history 
of the Islands . Resulting concern was sufficient 
to bring int o being the U. S. Seismic Sea Wave 
Warning Syst em , centered at the Honolulu Observa-
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tory to provide warning t o civil and military 
agencies throughout the Pacifie . Two years was 
requi red to provide instrumentation and communi ­
cati on for seismic and tidal networks , and the 
warning system came into operati on in 1 948 . The 
System provided warnings for 4 major tsunamis 
in 16 years , from the Kamchatka earthquake o n 
November 4 , 1 952 , the Aleuti a ns on March 9 , 1 957 , 
Chi l e on May 22 , 1 960 and Anchorage, Alaska o n 
March 28 , 1964 . In this period the Warning 
System gradually expanded , and supplied warnings 
to nine countries and island groups in the 
Pac i fie for the 1 964 event . 

Other countries were attempting to 
cope wi th the threat; Japan fo r example , had 
organized a national tsunami warning system in 
1952, and it was functioning intime for the 
tsunami of that year . The USSR, as a result of 
that same tsunami, devel oped a warning system 
that began service in 1 956 . However, the scope 
of the tsunami problem is such that no nat i on 
coul d deal with it adequately alone . 

The Seismic Sea Wave Warning System 
became an in ternati onal tsunami warning system 
for the Pacifie in 1 965 . This came about as a 
result of a working group meeting called by the 
Int ergovernmental Oceanographic Commission (IOC) 
on the International Aspects of the Tsunami 
Warning Sys t em i n the Pacifie . This meeting 
was held in Honolulu in April 1 965 , and Canada 
was one of the 1 8 participating states and 
agencies . The r ecommendations of this working 
group to roc were inc luded in the General 
Conference Report of UNESCO 14C/15 . In it the 
roc Summary Report noted and accepted "with 
appreciation the offer of the United States to 
undertake the expansion o f its existing facili­
ties in Honolulu t o become the International 
Tsunami Information Cent er " (ITIC ) and recognized 
this Center as a part of the roc. An Internation­
a l Co - ordination Gr oup for the Tsunami Warning 
Syst em in the Pacifie (ITSU) was formed of 
Member States , to provide liaison, and advice on 
the operation of ITIC . 

The Paci fi e Ts.unami Warning Center 
(PTWC) i s t he operational headquarters of the 
Internationa l Ts unami Warning System . It is 
l ocated at Ewa Beach near Honolulu, and is funded 
by agencies of the u. s . National Ocean and 
Atmospheric Administration (NOAA) . The Center 
is staffed by geophysicists , technical and 
administrative support , and inc ludes i n its 
faciliti es advanced seismic and telecommunication 
equipment . Geophys i c i sts l ive adjacent to the 
Cent er , and two are a l ways on call at hours when 
staff is not actually on duty . Twenty-one 
se ismic observatories and 53 tida l stati ons 
co -ope rate in the International Tsunami Warning 
System and have direct communication with the 
Center . 

The occurrence of an earthquake of 
magnitude 6 . 5 or larger anywher e in the world 
wil l trigger an a l arm at PTWC . By means of its 
own seismograph s and by reports from co - operating 
observatories , t he geophysicist on duty will 
de termine the epi center of the earthquake and 
its magnitude. I n the event tha t it is in the 
Pacifie and 1·arge e nough to produce a tsunami, 
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the nearest tidal stations will be interrogated , 
to advise whether unusual water levels are 
occuring during the time when a tsunami would be 
expected. At the same time , agencies served by 
the System are notified that a tsunami watch is 
i n progress . When reports from the first tidal 
stations are received , a decision is made at the 
Center whether a signifi cant tsunami has been 
generated. If it has , a warning is sent to 
disseminating agencies and press releases are 
i ssued . Messages give the current information on 
the size of t he waves and expected arrival times , 
and these are updated . Local civil defense 
agencies in each country make the decisions on 
whether low l ying areas are to be c l eared, and 
what other precautions are to be taken . When 
the initial earthquake has a magnitude of 7 . 5 or 
l arger, warnings may be i ssued prier to receiving 
a response from tidal stati ons . 

Canada contributes tidal informati0n for 
t he Warning System from the stations at Tofino 
a nd Langara , and seismic i nformation from the 
Vi ctoria Geophys i cal Observatory . The Tofi no 
s t ati on is unique in tha t since 1 966 it could be 
t elephoned from Hono l ulu and wi l l report, unatten­
ed and automatically , the present water level and 
whether a tsunami is in progress . 

ITIC has no operational involvement in 
the Tsunami Warning System at the time of warning , 
but fulfills monitoring , co- ordinating , and educ ­
ational funct i ons on behalf of participating Member 
States. Its responsibilities were redefined in 
a new mandate , approved by t he IOC in 1977: 

MANDATE 

The miss i on of the I nternational Tsunami 
Information Center (ITIC) is to mit i gate 
the effect of tsunamis throughout the 
Pacifie: 

1. by monitoring the international 
tsunami warning activities in the Pacifie 
and recommending improvements with 
regard to communications, data networks , 
data acquisition, a nd information dissem­
i nation; 

2 . by bringing to Member and Non-
member St ates knowledge on tsunami 
warning systems , on the affairs of ITIC 
and on how to become ac t ive partici ­
pants in the activities of the ICG for 
the Tsunami Warning System in the Pacifie 
(ITSU); 

3 . by assisting Member States of ITSU 
in the establishment of national warning 
systems and improving preparedness for 
tsunamis for al l na t ions throughout 
the Pacifie Ocean; 

4. by gathering and promulgating know­
ledge on tsunamis and fostering tsu nami 
research and its application so as to 
prevent l oss of life and damage to 
property; 

5 . by co-operating with the World Data 
Centres in making available and 
providing through appropriate channels 
all records pertai ning to tsunamis; 

6. by assisting nati onal authorities 
in making investigations of a l l aspects 
of major tsunamis and developing 
standard survey procedures for such 
investigations. 

ITIC is l ocated o n the campu s of the 
Univers i ty of Hawaii. It has t wo ful l -time staff 
members , a Di rector and an Associate Director . 
The Director is appointed and paid by the U. S . 
National Weather Service (NWS) ; the Associ ate 
Director is supplied and funded by a Member 
State other than the United States . I n addition , 
the U. S . provides par t time secretarial and 
technical s upport . The Associate Director fo r his 
period of service is under contract to UNESCO and 
as such i s not responsi b l e to any national 
authority . His position is of the utmost i mport­
ance in enhanci ng the inte rnati onal s t a t us of 
ITIC , and i n developing lia i son wi t h States 
throughout the Pacifie . 

Canada suppl i ed the first Associate 
Director (the author) f r om 1975-77 and an 
appointee from New Zeal and is fulfill i ng the 
responsibil i ties during 1 978 . · The present 
system of funding the Associate Directorship 
makes it prohibiti vely expen sive for many of the 
Member States to nominate, and there is in 
consequence , a serious threat of the position 
going unfil l ed . 

ITIC is housed in a singl e office , 
which provid es space for both fu l l time a nd 
temporary staff , visiting scientists , and the 
I TIC library . The Director is without spending 
authority , other than by approval of NWS. 
Operations of !TIC are vulnerable to b udgetary 
constraints of NWS , particul arly intimes of 
restricted u.s . Government spending . IOC and 
UNESCO provide some fund i ng fo r travel, meetings , 
and publ ications, but t h e g r eater portion of ITIC 
costs are met by the U. S . a nd by the native 
country of the Associate Di rector . 

I TSU , the cc- o rdina tion group composed 
of representati ves of Member States , meets 
biennially . A Canadian , Mr . Dohl er , is serving 
as chairman . The sixth a nd most recent meeti ng 
(ITSU-VI) was held in Manila in 1978 . Mee t ings 
of ITSU have recognized that the resources of 
ITIC were inadequate to carry out the designated 
functions and recommended courses of action . A 

resolution was passed at the fifth sess i on (ITSU- V) 
in 1976, recommending that IOC Member States 
make voluntary contributions, preferably on an 
annual basis , to the IOC Trust Fund, designating 
these to provide support for the staff and 
special projects being under taken by I TIC , and to 
al l ow development of programs for regi onal and 
national tsu nami warning systems. To date , on l y 
Canada has made such a voluntary contrib u t ion . 
National representatives a t ITSU-VI in 1978 were 
asked to express to their Governments t he urgency 
of this support. 



Honolulu, and particul arly Univers i ty 
of Hawaii , offer s many advantages as the s i te 
for ITI C . The c ity is cent ra l t o the Pacifi e 
and is convenient both for ITIC staff visiting 
Member States or tsunami disaster areas , and for 
tsunami special i sts for countries of the Pacifie 
to corne for v i sits and research , or to gather 
for technical training and meetings . The 
Hawai ian Islands are tsunami - prone , and the State 
Civil Defense based in Honol ulu has a high 
competence to provide training for local and 
visiting personne l in dealing with tsunami 
disaster problems . The University is only 40 
kilometres by road from PTWC . The East-West 
Center of the University has a rotating popula­
tion representing many of the racial and linguis ­
tic groups of the Pacifie , an asset to ITIC in 
preparing and translating educational materials. 
As a research base for tsunamis , ITIC has been 
dimi nished by the removal of World Data Center-A 
Tsunamis , to Boulder, Colorado , and by the 
reduction in 1977 of the Joint Tsunami Research 
Effort at the Un iversity . It is threatened by 
the possible loss of office space on the campus, 
which would remove it from proximity to library 
fac i lities of the University , and research 
agencies such as the Hawaii Institute of 
Geophysics . However, providing that immigration 
and national security agencies of the United 
States make it possible for the Associate 
Director , tsunami specialists and researchers 
from any Member State to participate freely at 
ITIC , Honolulu i s the logical place for it t o 
remain as an In t ernational organization . 

THE GROWING THREAT OF TSUNAMIS , THE RESPONSE 
TIME OF THE WARNING SYSTEM , THE NEED FOR TECH­
NOWGICAL IMPROVEMENT, AND CANADA ' S ROLE . 

The g r owth and deve l opment of coast al 
industries , a nd increase in tou r i st and res i dent 
populations on seacoasts has added to the potent­
ial for tsunami damage in the Pacifie . In addit­
ion new types of facilities , such as atomic power 
plants and supertanker ports have made tsunamis 
a threat in other oceans where formerly they 
coul d , by their r e l ative infrequ ency , be d i sregar ­
ded . 

Present technology and operating 
procedures at PTWC permit the identification of 
earthquake epicent ers and magni tudes for 
possibly tsunamigenic events to be made in a 
period of 30 minu t es to an hour. 

Selecti on of tidal stations nearest 
the epicenter a nd sending inter rogating messages 
to gauge attendants is partial l y automated , and 
can be carried out in a few minutes . Following 
this is a period of uncertainty . Responses are 
dependent on the availability of the gauge 
attendants , the functioni ng of all communicatio n 
links , and the tidal stations t hemselves be ing 
in good wor king o r der . Factual informat i o n o n 
which to base a warning or no-warning decis i on 
may be available in 30 minutes after the inter­
rogation , or may be delayed for hours . 
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At the ITSU- VI meeting in 1978 a group 
was establ i shed t o report on technical improve ­
ments for the Int ernational Tsunami Warning 
System , and to develop an action plan. The group 
requested Canada and the U. S. to investigate the 
use of satellites i n the Warning System , and for 
the USSR and Japan to provide information on 
their satellite programs . The group established , 
as a goal, that the Warning Syst em should 
establ ish the existence of a tsunami in the 
Pacifie within one hour after its generation. 
ITIC and PTWC are to define the system of gauges 
needed to achieve such a goal . 

The GOES geostationery satellites over 
the Pacifie provide a possible means of data 
col l ection from tidal and seismi c stations that 
woul d eliminate much of the uncertainty in the 
present operations of PTWC . One possible use of 
the satellites is being explored by the U. S. 
Geological Survey , with the development of a 
prototype system that will transmit coded water 
level data on demand . The system is designed to 
be applied to existing float - operated tide 
gauges . Such a system would eliminate much of 
the uncertainty in collecting the water level 
data at the time of a tsunami . However , consid ­
ering that float gauges are normally restricted 
to sheltered waters and harbours , the concept is 
thereby limited. Newer tidal systems using 
crystal pressure sensors , such as the Canadian 
made Aanderaa and Applied Microsystems tide 
gauges , can be deployed on exposed coasts as well 
as in sheltered waters . Such gauges transmitting 
via satellite , would offer a greater versatility 
to a tsunami warning system . 

National and regional warning systems 
provi de PTWC with warning of tsunamis originating 
in t heir areas of responsibility more rapi d l y 
than t hey can be determined at the Center . 
Three tsunami-generating regions are covered by 
these systems: Japan by the Japan Meteorologi ­
cal Agency , Kamchatka and Kuril Islands by USSR, 
and Alaska and Aleutians from Palmer , Alaska . 
Communi cation facilities at the observatory in 
Palme r are bein g i mproved , so that it can serve 
as a n a l ternate I n ternational Warning Center in 
the event that the one in Hawaii were put out of 
action by earthquake or tsunami. 

Establishment of a regional system on 
the Canadian west coast , perhaps serving as well 
the coasts of Was hington and Oregon , needs to be 
consi dered. A sei smicall y active zone with 
tsunamigenic potential exists and a regional 
system may be warranted both for early protection 
to the adjacent North American coast, and as a 
source of early warning to the rest of the Pacifie . 
Tectonic plate underthrusting appears to be 
taking place , and zones of active seismicity are 
found along this coast and offshore . However , 
earthquake mechan ism studies in t he Vancouver 
Island region indicate predominantl y strike slip 
fault i ng , in sp i te of the apparent subduction . 
The t hrust faulting that is found in other similar 
region s has apparently not occurred in the 80 
years of available seismic observation (Milne 
1978) . Earthquakes large enough to be tsunami -
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- genic have been recorded , the greatest off the 
British Columbia coast being magnitude 8 . 1 , in 
1 949 , off Langara Is l and in the Queen Charlottes. 

With this unknown potential to generate 
a major tsunami lying near our coast , there is a 
need to determine quickly the epicenters of the 
largest earthquakes , and to observe whether the 
nearest gaug ing sites or ports have been struck 
by a tsunami . Four seismic stations in British 
Columbia are now recording remotely at the 
Pacifie Geoscience Centre(PGC) at Sidney , B. C. 
These are located at Haney , Pender Island , 
Victoria , and Alberni . The data are input c ontin ­
uously through a computer , and epicenter s are 
computed automatically and are availabl e on 
demand. Add i tional stations can be added to this 
network . Selected west coast tide gauges could 
be recording remotely at the Institute of Ocean 
Sciences, in the same facility as PGC , and if a 
tsunami were g enerated its existence would be 
known as ~con as the waves reached the nearest 
transmitting gauge . The Provincial Emergency 
Programme in B. C. , and PTWC in Honolulu could be 
notified immediately , to provide the ear liest 
possibl e response to forewarn local and distant 
coastal populations. Likewise , if no tsunami had 
been generated the Centers could be advised 
promptly that no danger exists . 

Instituting this system of preparedness 
would provide a direct service to Canada and also 
to the Pacifi e community. Beyond that , t he 
successful application of this technology here 
would demonstrate its usefulness on other tsunami~ 
prone coasts . It is appropriate for Canada to 
take such a lead as part of its role in the 
International Tsunami Warning System. 

The cost of au t omating the tsunami 
warning system , to have unmanned tidal and perhaps 
seismic stations transmitting data to PTWC on 
schedule or on demand from around the Pacifie may 
be in the order of $2 , 000 , 000 to $5 , 000 , 000. The 
questi ons arise of whether such an expenditure is 
warranted , f r om what government or other sources 
the funds may be provided , and how automation can 
be provi ded intime to be of service in the next 
Pacific - wide tsunami. 

Funding for disaster preparedness tends 
to follow rather than precede the disaster. This 
is as true for tsunamis as i t is for installing 
traffic lights at intersecti ons . Five Pacific­
wide t sunami s in the per i od 1 946 to 1964 brought 
the immediacy of the problem to publ i c attention, 
and funding for research and development was 
substantial. Fourteen subsequent years without an 
ocean- wide disaster have contributed to a diminish­
ing of concern and support , even though each day 
brings the next destructive event one day c l oser. 

The technology exists to p r ovide an 
automated warning system , so that generated 
tsunamis could be registering at PTWC virtually 
the same time that they are being recorded at 
the local gauging station anywhere within the 
system . It would be possibl e , knowing the epi ­
center and the response of the gauge to events 
from various t sunami sources , to determine 
whether a potenti all y destructive tsunami has 
been generated, and to forecast its probabl e 
direction of propagation . With appropriate corn~ 

puter technol ogy , much of the dec i sion-making 
cou l d be semi-automated , and substantial time 
savings in the system are poss ibl e. It would be 
hard to place a dollar val ue on an unknown number 
of lives saved by an earlier warning. However if 
one looked at specific industries , cost ef f ective­
ness may be readily calculable. For examp l e , 
would an oi l tanker loading or off-loading i n a 
port facil ity be taken t o sea if a major tsunami 
were approaching? How much lead time wou l d be 
required to a l ert the ship ' s complement , and 
have those ashore return to the ship , disconnect 
fuel and moo r ing lines , obtain tugs , get under way 
and out to a safe distance offshore? Would ad ­
ditional warning time save a substantial l oss , and 
would better decision- making capability at other 
times save the cost of unnecessary precautions? 
Such a time and cost anal ys i s for a variety of 
industrial and commercial operations in tsunami­
threatened areas , coupl e d with a frequency anal­
ysis of destructive tsunamis , wou l d provide a 
cost-benefit basis for eval uating automation , and 
might provide legitimate grounds for seeking fund ­
ing to support the automati on. 

Systematic knowl edge on the frequency 
and impact of tsunamis is an essential prerequisite 
for a cost - benefit study of automation , and also 
for any tsunami preparedness p l anning . A partial 
study of tide records at Tofino , B. C. showed that 
of 70 large known tsunamis in the Pacifie , 21 had 
registered on the Tofino gauge (Wigen 1978) . The 
study showed that the Canadian west coast was most 
vulnerable to tsunamis originating in Alaska and 
the Aleutian Islands , Kamchatka and the Kuril 
Islands, Japan Trench , and Chile - Peru . The 1964 
tsunami was most destructive , causing about 
$5 , 000,000 damage at Port Al berni, and that larger 
events than that of 1964 must be expected . No 
l ives have been known to be lest on the Canadian 
west coast from tsunamis of distant ori gin . How­
ever , an earthquake of June 1946 centered in the 
Strait of Georgia caused one death by drowning 
(Hodgson 1946). 

For Canada ' s Arct i c coast , data are 
insufficient to determine whether a tsu nami thre~t 
exists . For earthquakes in the period 1899-1961, 
it has been noted (Basham 1977) that there are 
sufficient uncertainties in the completeness and 
reliability of epicenter p l ots , that they can only 
be used to confirm that earthquakes of greater 
than magnitud e 5 had occurred several times in 
northern Can ada , notabl y in the Yukon Territory 
and the Baf fin Region. Th e development of a 
Canadian se i smic network in the Arctic in t he 
1960 ' s has allowed more precise epicent ral deter ­
mination , and evidence for this limited period 
shows that tsunamis are at l east a possibi lity. 

Al though about 80% of all tsunamis occur 
in the Pacifie , destructive ones are generated in 
the At l ant i c and Indian Oceans , and in the 
Mediterranean Sea. In 1929 an earthquake on the 
Grand Banks generated a tsunami that took 26 l ives 
in the region of Burin , Newf oundland (Murty 1976) . 
This was an unusual event , in that the epicenter 
was not located in a region of high sei smi city. 
This tsunami shows that a limited threat e xists on 
most if not all coasts . It raises questions of 
what degree of preparedness i s warranted beyond 
the Pacifie. Routine p l anning and c i v il defense 
training for tsunami disasters are certainly not 



required to the sarne degree on the Atlanti c a nd 
Arctic coasts of Canada and other countries as in 
active zones of the Pacifie . Furtherrnore , a 
warning system that will have to respond to a real 
ernergency perhaps once a century rnay not be heeded 
when the disaster is irnpending. However , t h e 
possible impact of tsunamis rnay still be a design 
factor in planning of coastal facilities . 

For any coast , an assessrnent of a 
tsunami threat can be made frorn a study of past 
tidal records. The frequency with which tsunamis 
have been recorded , the regions frorn which t hey 
have propagated , and the probable maximum wave 
that rnay be expected in any tirne period can all 
be deterrnined . On this factual basis , decisions 
can then be made o n the need for warning systems, 
and for including t sunami impact as a design 
criterion for a ny aspect of coast al engineering . 

Canada is already taking a lead rol e in 
such an assessrnent, through the Historical Study 
of Tsunamis (Wigen, 1978). This is a project 
initi ated at the I n ternational Tsunami Infor mation 
Center , and being co - ordinat ed frorn the Inst itute 
of Ocean Sciences at Patrici a Bay. Researcher s 
and agencies are being supplied , on request , with 
a list of 1600 k nown or potentially tsunarnigenic 
events of the pas t century , and are being i nvited 
to rnake a detailed investigation of diagrarns 
frorn any one tida l station for evidence of these 
events. Standardi zed procedures have been set 
forth for data extraction. 

The Study will provide systernatized 
data of past tsunamis at that station . In a ddit­
ion, the coll.ected results frorn rnany stations will 
show directional ity of tsunami p r opagation frorn 
generating sources , and provide a body of know­
ledge for rnodelling of tsunamis in the ocean . 

SOCIOLOGICAL ASPECTS OF TSUNAMI S , AND CANADA ' S 
ROLE . 

At a conference in Manila in 1976 on 
the Survival of Hurnankind , Philippine parti c i­
pants pointed o ut that t he ir l asses frorn natu ral 
disaster s rnight in sorne years offset any g r owth in 
the econorny, and rnight exceed the total ben e fit s 
received frorn foreign aid . In the rnonths prior 
to the conference , they had experien ced typhoon, 
flood , volcano , earthquake and tsunami. Th e 
earthquak e of Augu st 17 , 1976 in Moro Gulf , and 
the s ubsequent tsunami had taken 8000 lives , 
l eft 90 , 000 horne l ess , a nd d i s rupted the l iyel i­
hood a nd econorny o f t he region. In a repor t on 
the Tsunami (Badillo 1 978) it i s noted: 

The Moro Gulf tsunami of 17 
August 1976 was the rnost d i sastrous 
tsunami experi enced by the Philippines . 
There have been more severe tsunamis , 
but areas hit were l ess popula t ed and 
had l ess rnanrnade structures . A natura l 
disaster i s not rnere l y a geophysica l 
event but a hurnan o n e as wel l . If a ny 
projection can be made i t is thi s. What 
is now barren will be densely popul ated . 
Ernpty beaches will be filled with res ­
i dences, tour i st facilities , ho t els , 
factories , power p lants, etc . Offshore , 
there will be not rnerely seaweed and 
oys t e r farrns and fish corra l s but also 

storage faci lities , tank farrns and the 
like. Thus a tsunami prone coast is 
potentially a great disaster area . Such 
is the Moro Gulf coastline . 
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And what is true f or Moro Gulf is val id for every 
country , developed or developing . 

Tsunamis cannot be prevented , but with 
research , planni ng , and education their effects 
can be rnitigated. 

Sy sternatic knowledge on the history of 
tsunamis provides a basis for forecasting their 
frequency, direction of propagation , and magni­
tude. Such studies provide input into planned 
l and use and protection in low lying coastal 
areas . 

Such a n approach to the tsunami problern 
has onl y recent l y been undertaken in Canada . In 
1976 the City of Port Alberni and the Province 
of British Columbia jointl y undertook to have a 
developrnent feasability study conducted for a 
l ow lying area within the City . The area , Lugr in 
Creek , had experienced flooding frorn runoff , and 
frorn the 1964 tsunami. Dyking had been carried 
out to protect against rivers a nd strearns over ­
topping their banks. In looking to the alterna­
tives for irnproving the area , the feasability 
study required an estirnate of levels of a 1 in 
200 year flood , and "an evaluation of tsunamis , 
and a n estimation of the damage to dykes , and 
the likely effects ... of overtopping ... by tsunamis, 
as well as an assessrnent of the impact of th i s 
factor on further developrnent in the Study Area. " 
A study carried out by consulting engineer s was 
able through a s tudy of the history of tsunami s 
in the Tofino - Al berni area to rnake sorne estirnate 
of possible sizes and frequency of tsunamis. 
This estirnate becarne a significant factor i n the 
recornrnended type of developrnent of the l and. 

The developrnent feasability study at 
Port Alberni has irnrnediate significance to the 
City . But looking beyond, the techniques a nd 
engineer ing used for the study are applicabl e to 
other coastal s ites in Canada and throughout the 
wor l d. Canadian engineering consul tants are 
ernpl oyed in rnany developing countries and tsunami 
hazard eva l uation shoul d be an integral part of 
planning wherever tsunamis rnay be a threat. 

The ITSU - V meeting in 1976 identified 
educati on as an essential factor in tsunami pre ­
paredness. UNESCO funding was sought for the 
preparation and p ubl ication of a variety of 
educati onal rnaterial s, tsunami catalogues , biblio­
graphy , serni -technical text books , a catalogue 
of tsunarnigrarns , brochures , films, and s lide 
tapes . Funding was also requested for trans l ati on 
of sorne of these rnaterials into the languages of 
the Pacifie . Because of financial limitations , 
funding was provided by UNESCO for only one of 
these publicati o n s , an atl as of t s u nami rnar i grarns . 

In the 1 978 meeting, ITSU-VI, rnost of 
the n ational representatives , including Canada' s , 
ide ntified the need in their own countries for 
educational rnater i als, and recognized tha t sorne 
o f this requirernent could be met through indivi­
dual production and exchange of publications . 
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Sorne participants provided materials that could be 
copied and disseminated . Both the U. S . and USSR 
made a tsunami movie available; the Philippines, a 
book entitled The Broadcaster ' s Manual on Emergen­
cy Preparedness; Canada , the newly published text­
book by Dr. Murty, Seismic Sea Waves, Tsunamis; 
and ITIC , a tsunami slide tape. A subcommittee 
addressed at length the needs to be filled by 
educational materials . Their conc l usions, form ­
ing part of the Summary Report of the session , are 
sufficiently wel l stated t o incl ude below in fu l l . 

Proposals for a tsunami educational 
programme 

The session , with the assis ­
tance of an ad hoc group set up by the 
Chairman , identified three groups with 
whom an educational programme on tsunamis 
must be concerned . One group is the 
scientific community , i . e . those research­
ers concerned with the technical aspects 
of tsunami s . Many i n t his group may 
never be directly invol ved in an actua l 
tsunami event but al l are necessary 
for the devel opment of appropriate 
input to t h e Tsunami Warning System . 
Their needs for educational material 
are fairly well defin ed - catalogues 
of historical events , observed data , 
bibliographies of current research , 
etc . 

The next g r oup has as its 
membership the co-ordinators and oper­
ators of the actual Tsunami warning 
System . These may be civil and/or 
military a uthorities who have the res­
ponsi bili t y for carrying ou t those 
actions required to save lives in the 
event of an actual tsunami. The needs 
for educational material here are less 
well defined and on a broader level 
than that for the scientific commun­
ity. These may include internal 
training programmes on effective 
evacuation procedures , relief centres , 
etc ., as we l l as the need to distribute 
educational material s i n the form of 
brochures , s l ide present ations , films , 
etc . to the l ast group , the general 
public - or at l east that portion at 
risk i n a n actual tsunami event. 

The educati onal requirements 
for the general publ ic are of a com­
pletely d i fferent character than those 
for the first two groups . Reduced to 
bare essentials, the first group must 
know WHEN (based on WHY) something is 
happening , the second group must know 
WHAT must be done and the third group 
must know HOW to carr y out these actions. 
This implies more of a sociological and 
psychological probl em t han a techno­
logical one , and this area of education 
appears re l atively open for further 
development . The needs of this group 
are also most heavily oriented towards 
individual Member States and even local ­
ities . The response of the general 
community to risk will be most divergent, 

depending on local custom , religious 
practices , relationship to a central 
authority from whom an evacuation order 
rnay corne , etc. 

To summarize this view , these 
three identifiable groups have mark­
edly different educational needs , some 
of which may not have been adequately 
dealt with in the past . 

Based on an analysis of 
recommendation ITSU - V. 13 , i t appears 
that the educational needs of the 
scientific community may be reasonably 
well met. The needs of the administra­
tive community are being met to some 
extent, but there does not appear to be 
any co - ordinated effort to systematical­
ly exchange information and experiences 
between the appropr i ate authorities of 
the Member States. Finally , the educ ­
at i onal needs of t he general public 
have no t been addr essed adequately . 

In view of the weakness of 
the general publ i c educational pro ­
gramme , the group emphasized that this 
element of the Commi ssion ' s tsunami 
programme should receive special atten­
tion immediately. The public education 
programme should be directed towards: 
coastal residents , their local officials, 
school teachers , mass media people , 
policy makers and should include: 
straight lectures , g r oup dynamics , live­
in seminars , audi o - visual aids, (slides 
with tape recordings , movies , still s -
cartoons) drawings , pictures to be 
displayed in publ ic places and on 
television , radio announcements, bro­
chures and pamphlets. 

Funding of these activities 
are primarily the responsibility of 
each Member State . Support should also 
be provided by the roc through its 
regular funds , Trus t Fund and its new 
Voluntary Assistance Programme (IOC/VAP). 
The Group therefore decided that t he 
Programme and Budget Forecast for 1981-
1982 (see Annex VI) , shoul d include as a 
h i gh priority item the preparation and 
publication of educational material . 
It was noted that the 1979-1980 
Regular Budget does not have adequate 
funds for tsunami education for the 
general public . Thus, other funds 
should be sought for this purpose , 
perhaps through the Trust Fund. 

The impact that a public 
education programme will have is not 
fu l ly understood . On e method to 
address this probl em would be to 
undertake one pilot educational pro­
gramme within each country and Member 
States are urged to do so. A report 
of these activities should be dissem­
inated to other Member States via the 
ITIC and an evaluation presented at 
the next session of ITSU. 



The need for tsunami education in Canada 
has been addressed since the ITSU-VI meeting by 
the newly formed , ad hoc Joint Tsunami Working 
Group . Recognizing that 14 years have elapsed 
since the last disastrous Pacific-wide tsunami ; 
that people have had time to forget its impact , 
and a new generation has net experienced it ; and 
that the days of grace until the next event are 
being reduced one by one ; there is an urgency to 
know bath here and abroad what to expect and how 
to respond. 

The foundation of effective response to 
a tsunami alert is a well-prepared Civil Defense 
organization . Such an agency requires a co - oper­
ative working relationship with support groups 
needed to respond to the warning. It also needs 
a central decision-making unit to receive warn­
ings when a tsunami has been generated . 

Civil Defense headquarters must be in­
formed on the practical aspects of tsunamis , the 
sources from which a threat exists , the areas of 
coastl ine most vulnerable, and the number of 
heurs after a wave arrival that the maximum waves 
may be expected. 

It needs the communication network to 
relay its decisions to threatened communities . 
The local bodies in these communities need to 
respond to the warnings , take action necessary 
to clear beaches , low-lying areas, and get boats 
away from harbours . Pre - planning in local areas, 
designation of threatened sites , and periodi c 
education programs to ensure elected civic offic­
ials and threatened populace are aware of the 
hazard are necessary . A balance is required, so 
that time spent on preparedness is kept to a 
minimum, and is efficientl y used. Disastrous 
tsunamis may occur infrequently , and if much time 
is spent in preparedness it may be begrudged . 

on the canadian west coast , the Pro­
vincial Emergency Programme of the B. C . Govern­
ment, is the co-ordinating agency. It holds 
planning meetings occasionally with officers of 
other agencies to review present state of know­
ledge, and to formulate plans and action items 
for tsunami preparedness . It also periodically 
brings to Victoria e l ected officials from B. C . 
communities for seminars on disaster preparedness , 
including tsunamis . 

Just as the Provincial Emergency Pro­
gramme has the responsibility after receiving 
the warnings from PTWC to decide on what action , 
if any, is warranted , so the elected officials 
in coastal communities , upon receiving a warning 
that a tsunami may be expected , have to make 
their own decisions of action to be taken . 

There is a continuing need to eva l uate 
what areas are threatened , and perhaps to desig­
nate zones for degree of hazard . Costs of evacu~ 
ation are high , and response to tsunami threats 
needs to be adequate , but net excess i ve . 

In the developing of preparedness 
procedures for other parts of the Pacifie, 
canada ' s local experience qualifies local indi­
viduals t o make an input at international work~ 
shops and seminars . Such workshops are being 
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planned and are part of the designated responsi­
bility of ITIC . Participation of Canadian experts 
would be welcomed, and it is recommended that 
requests for their participation be favourably 
received . 

RECOMMENDATIONS 

Several Canadian act i vities are of 
particul ar importance in bringing the Internation­
al Tsunami Warning System to astat e of prepared­
ness consistent with the threat of tsunamis. 

ITIC and ITSU need continuing financial 
support from Member States, to carry out the 
functions assigned to them. The Canadian contri­
bution through the IOC Trust Fund has strengthened 
their operations. It is recommended that this 
support for tsunami activities be specifically 
budgetted, so that it can continue to be made 
without sacrifice to the other activities depen­
dent on Canada ' s IOC Trust Fund contributions. 

The investigation of frequency and 
size of tsunamis in al l oceans , now being co- ordi­
nated at the Institute of Ocean Sciences , through 
the Historical Study of Tsunamis, needs to be 
brought to successful compl etion. The data to 
be collected can provide a realistic base for 
evaluating the need for tsunami preparedness in 
all i ts aspects. 

Investigation of the use of satellites 
i n the International Tsunami Warning System, as 
requested of Canada and the U.S . by the ITSU-VI 
meeting, should include in Canada a study of the 
u se of automated technology in various modes. 
The development of a system prot otype that could 
best meet Canadian and worldwide needs is 
recommended. 

Development of a regional tsunami 
warni ng system to serve the Canadi an west coast , 
and perhaps Washington and Oregon , wou l d be a 
direct benefit bath to Canada and to any partici­
pating country threatened by a tsunami from this 
coast . It is recommended this be investigated. 
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From Hand - Lead to Hydrosearch 
B.S. DYDE 
Hydrographie Departm ent 

Roy al Navy , U.K. 

ABSTRACT 

A con fer ence wi t h t he t heme "Cook -
Hydr ogr aphy 200 Years La t e r " of fers a sui tabl e 
opportuni t y t o r eview the pr ogr ess made by one 
na tional hydr ogr aphie ser vice since the days of 
Cook i n pr ovidi ng t he s urveyor wi t h the means of 
"look ing" a t t he seabed and discover ing the 
na tura l and man - made obs t ruc t ions which l ie upon 
i t - and which it is his pr imar y job t o chart 
accura t ely . Suc h a r eview is not t he mammo th 
ta s k the unini t i a t ed might expect as to all 
in t ents and pur poses t her e wer e no advances 
un t i l well in t o the pr esent century , and i t is 
only i n t he las t t hirty year s or so t ha t t he 
advent of sonar ha s given t he s urveyor t he 
abi l i t y t o ga t her i n formation abou t t he seabed 
no t onl y f r om directl y benea t h his ship but also 
f r om ahead and t o t he sides simul taneously. 
This paper t races ver y briefly t he pr ogress made 
in t hi s field by t he Royal Naval hydrogr aphie 
ser vice , and outli nes t he pr esent policy and 
f uture r equi r ements _ wi t h regard t o sonar 
equipment and operations. 

INTRODUCTION 

" It is diffi cul t to say that any one s tep 
in the constructi on of a char t is more 
important than another , as each is 
necessary for the completion of the whole , 
and an error anywhere may cause a di saster ; 
but if any particular i tem i s to be picked 
out , per haps the sounding should rank in 
the highest place ." 

These words coul d well have been writ t en by 
Capta.in Cook , but in fact they were written well 
over a hundred years after his death - by Captain 
Whart on , a Royal Naval surveyor of the l as t 
century , in his book " Hydrogr aphi cal Surveying", 
a f orerunner of the modern Admiralty Manual of 
Hydrographie Surveyi ng . Whar t on ' s manual went 
through four edi tions and the last of these , 
publi shed in 1920 , contains precisely the same 
description of sounding as was in the f i rs t 
edi tion of 1882 , and which could just as wel l 
have been written in 1782 : 

"The ordinar y main pl an of sounding i s thus . 
The boat proceeds in straight lines i n a 
direction , of a lengt h , and at a dis t ance 
previously deci ded on , with a man in the 
bow constant l y sounding ••• The pace at 
which the boat may go , and the necessi ty , 
or no t , for s t oppi ng at the casts , wi l l 
depend on t he depth of water and the 
capaci ty of the lea dsman . 11 
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For 150 years after the death of Cook , in 
order to measure the depth of water , it was 
necessary to lower a lead to the seabed by one 
means or another , and thr oughout this period the 
t raditional method of obta ining soundings by 
marked lea dline was used by surveying ships and 
boats . The l eadsmen became extremely skilful at 
operating while underway , but sound ing in over 
six fathoms in the boats , and twice that depth 
from the chains on board the ship , was beyond the 
capabi lity of even the most expert . Various 
devices were int roduced as the nineteent h century 
progressed in order to speed up or improve t he 
accuracy of sounding in deeper water , but all 
involved stopping the ship and , in the case of 
oceanic soundings , a considerabl e wait " on 
station" while one depth was obtained . In order 
to l ay the first transatlantic cable in 1858 the 
proposed route was surveyed using a lead and line 
to obtain one sounding every fifty miles - and 
each one needed about s ix hours to take in depths 
of from two to three thousand fathoms , 

The Lucas sounding machine was developed in 
order to speed up the surveys of cable routes and 
by t he mid- 1880s a steam- operated version , using 
5000 fathoms of piano wire , a measuring wheel and 
a sounding tube with self- releasing weights , was 
fitted in a number of ships . Although this 
machi ne improved both the speed and accuracy of 
sounding in deeper water the ship still had to 
stop , and soit was a development of some 
importance when in the early 19C0s another Royal 
Naval surveyor , Captain Somerville , invented a 
mechani cal apparatus for casting the lead ahead 
with the ship underway . By means of a wire 
operated from a steam winch in t he after par t of 
t he ship , through a l eading block on t he mainmast 
and to a boom below the l evel of t he bridge , the 
l ead could be repeatedly released from well 
forward , The l eadsman s t anding in chains well aft 
was then able t o " fee l " for the depth with the 
marked leadline as it came abreast of h im , the 
leadl ine being kept taut by a t rai ling we i ght , 
A somewhat compl icated and , at this distance in 
time , rather comi cal way of measuring depth , but 
one whi ch considerabl y speeded up the work of the 
ship and enabled sounding to be carried out down 
to about 35 fa t homs at a speed of five kno t s. 

The hand l ead , the Somerville sounding 
gear and the Lucas deep sea sounding machine 
remai ned in use until the outbreak of the Second 
Worl d War . The fi rst edition of the Admiral ty 
Manual of Hydrographie Surveying published in 1938 
gives detailed advi ce on t heir use and with regard 
to sounding in shallower water records only that 
"Sounding with the hand l ead is gradually givi ng 
way to Echo Sounding , •• " However the book does 
then go on to provi de a full description of the 
Admiralty echo - sounders then in us e , and it is 
to t he introduction of t his type of equipment -
which one distinguished ex- Hydrographer of t he 
Navy has referred to as " probabl y the most 
significant advance " in hydrography " throughout 
the whol e of the 200 years" s ince the days of 
Cook - that we must now turn our attention. 

ECHO- SOUNDING 

The introduction of echo- sounding into the 
Royal Navy stemmed directly f r om the knowl edge 
of acoustics in seawater gained by Admiralty 
scienti sts during the First Wor l d War and the 
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development of equipment for locating submarines . 
Trials of the first telephone audio- frequency 
system of echo- sounding ta measure depth were 
carried out in HMS KELLET in 1923 , the equipment 
consisting of an electro- magnetically operated 
hammer striking a steel diaphragm at regular 
intervals , causing it ta emit audio- frequency 
waves . The echoes returned from the seabed were 
received in a small hydrophone and the operator , 
wearing earphones , manipulated a calibrated dial 
until he could hear the echoes and -was then able 
to read off the depth . A variation of this later 
became the standard Admira lty Echo Sounding Gear 
which was fitted in a number of survey ships 
during the 1930s . It had a depth range of about 
200 fathoms , making it sui table for work in all 
continental shelf waters , but in depths of less 
than six fathoms it became ineffective due to 
excessive interference between the transmitter 
and the hydrophone . This interference also 
prevented the set being putto any use in 
surveying motor boats , and in turn led to the 
development of a high frequency set which used 
directional sound impul ses to prevent the need 
for screening between transmitter and receiver . 
Tri als with such a set , using a condenser 
discharge for the transmi ssion and a magneto­
striction receiver , were carried out in a survey 
motor boat in 1930 , and excellent results - with 
a continuous profile of the seabed being recorded 
on chemically- treated paper - were obtained at 
speeds up ta eight knots . Two years later 
further trials , with the equipment fitted in a 
ship , HMS FLIN DERS , were equally successful and 
depths down ta 440 fathoms were recorded . 

The subsequent devel opment and production 
of these echo - sounders was placed in the hands of 
Henry Hughes & Sons (now Kelvin Hughes) and it is 
equipment manufactured by this firm which has been 
used by the Royal Naval Surveying Service ever 
since . The latest model , the MS 48 , underwent 
extensive trials in HMS HECATE during 1975 and 
is now being fitted in all thirteen survey ships 
and their boats . 

With t he introduction of the ultrasonic 
echo- sounder and i ts automatic re cor der 
hydrography moved into a completely new dimension ; 
no longer was each sounding obtainable only by 
l aborious manua l labour , or latterly , from 
listening intently for distant echoes in a pair 
of earphones , but the surveyor was presented with 
a continuous profile of his track , available 
from the moment he entered the survey area until 
t he time he left it . His ability ta interpre t 
each line of soundings , and compare it with 
adjacent lines , all r epresented on continuous 
strips of paper , improved the quality of his 
work beyond all measure and comparison of charts 
compiled before and a fter the advent of echo­
sounding reflects this quite clearl y . 

THE INTRODUCTION OF SONAR 

In parallel with the development of the 
echo- sounder and closely related tait , stemming 
from the same First World War experiments in 
submarine detection , another type.of underwater 
equipment , sonar , was developed and fitted in 
ships during the 1930s , Survey ships were 
provided wi th sonar as a matter of course ta 
enable them ta assume a wartime ro l e as necessar~ 
but it was not unti l early 1939 , when Commander 
Southern of HMS GLEANER wrote a r eport on the 

new equipment , that it became apparent that 
hydrography now had the means ta enter a third 
dimension , with ships not onl y abl e ta coll ect 
information about the seabed continuously from 
directly beneath them but at the same t ime 
capable of gathering data from ahead and ta the 
sides as well. 

Prior to the introduction of sonar the only 
method of carrying out a clearance sweep of the 
survey area was by means of Oropesa gear , which 
had been developed for minesweeping . This was a 
time - consuming and cumbrous operation involving 
the use of wires , depressors and f l oats , with 
the a ttendant dangers of fouling obstructions , 
being hampered by other ships and leaving gaps 
or 11 hol idays11 in the searched area , and the 
Sou._thern report concentrated on the advantages 
enjoyed by sonar over this equipment . A copy of 
the report was issued ta all survey ships and , in 
one form or another , remai ned for many years the 
main source of guidance available ta surveyors 
with regard ta t he use of sonar for purely 
surveying purposes . The equipment ta which it 
referred was a basic hull- mounted "searchlight " 
sonar , operating on about 20 kHz with a maximum 
range of 3000 yards , and similar sort of equip­
ment - intended first and foremost for locating 
submarines (or later , midwater fish shoals) -
has been fitted in a ll Royal Naval surveying 
ships ever since . 

A new sonar , specifically designed for 
locating bottomed submarines , was developed 
immediately after the Second World War , and in 
1947 it was considered that this set, together 
with the 11 searchlight 11 sonar already fitted , 
would suffi ce ta meet the total sonar requirement 
of survey ships . The new set operated on a 
frequency of 50 kHz and worked by res t ricting 
the acoustic transmissions ta a fixed fan - shaped 
beam , very narrow in the horizontal pl ane , below 
a nd abeam of the ship ; and by switching between 
transducers it could be operated on either side 
of the ship as required . The returning echoes 
were used ta mark a paper trace in the recorder 
which produced " shadow" pictures of objects on 
the seabed out to a range of 300 yards , from 
which l ength and height could be estimated . 
Pr oblems were exper ienced in getting the set 
fitted and in 1949 the Hydrographie Department 
was told , in words which sound ver y familiar 
today , that " in view of the acute need for 
economy , approval must be sought i n each case 
for it ta be carried out , and a case stated". 
This set-back was overcome and the case made once 
and for all when HMS COOK, the first survey ship 
ta be fitted , was involved in the search for the 
submarine HMS AFFRAY which was l ost in the 
English Channel in 1951 . The new sonar was used 
extensively during thi s operation and the 
Commanding Officer ' s report on its effecti veness 
in classifying all types of seabed features 
provided ample justificat ion for fit t ing the set 
in other survey ships o 

Here t heh , in the early 1950s , we had 
survey ships fitted with two compl ementary sonars 
- one intended for sweeping ahead of the ship 
with a basic operating range of about a mile , 
and the other intended for invest i gating and 
classifying any obstruc t ion found by the firs to 
A doctrine for carrying out an effe ctive area 
search had been evolved and the compl etion of 



such a search became a standard requirement for 
mos t surveys . However , it was not until well 
into the next decade , and after the modern i zation 
of the survey fleet had been carri ed out , tha t 
sonar really came into its own. 

MODERN SONAR EQUIPMENT 

The re - s tructuring of the survey flee t into 
i ts present form , di v i ded more or less equally 
between Ocean Survey ships , Coastal Survey 
vessel s and Inshore Survey craft , began in 1958 
with t he introduc t ion of the first of the I nshore 
craft . These were too small to be fitted with 
any naval sonar and i t was necessary to look for 
a suitable commercial set . One was found in a 
fish- f i nder made by Kelvin Hughes - called 
appropriately the Fisherman ' s Sonar . This was 
f i t t ed in all five Inshore Craft and later in 
the four Coastal Survey vessels built in 1968 . 
The first three Ocean Survey ships , which were 
all i n service by 1966 , were f it ted with a 
standard naval s onar . These se t s did much the 
same j ob , providing the ships with a forward­
l ooking sonar wi t h which they coul d broadl y 
exami ne an area ; what they did not do was provi de 
any permanent record of the search or allow any 
detail ed i nvestigation of the seabed between the 
sounding l ines . 

The demand for a purpose - built sideways­
looking set to provi de this sort of information 
began in the mid- 1960s but it was not unt i l 1970 
that equipment was obtained which would meet 
this demand , In t he autumn of t hat year an 
E Gand G Dual Channe l side- scan sonar was bough~ 
issued to a shi p f or evaluation , and the entry 
of the Royal Naval Surveying Servi ce into t he 
true t h i rd dimension in hydrography can perhaps 
be da t ed from that time . The equipment was an 
instant success and further sets were ordered 
before the end of the year . By the spring of 
1973 t en sets were in use , and by the end of 1977 
the t otal had reached twentyfi ve , divided between 
equipment made by E Gand Gand the British f i rm 
Offshore Acoustics . It is intended to bri ng the 
total to at leas t t hirtyfive within the next two 
years . I t is now firm British policy that no 
survey on the Continental Shel f can be cons i dered 
compl ete unt i l a ful l search using towed s i de­
scanni ng sonar has been compl e t ed and a l l 
potent i a l seabed obstructions fully invest i gat ed . 
Every ship i s being suppl ied wi t h duplicat e 
equipment , toge t her with an ext ra set for use by 
her boa t s , to ensure that thi s policy can be 
impl emented . 

However , while the value of this type of 
sonar was immedi a t el y apparent the major dr awback 
associated with its use was no less appare~t , 
and f r om the f i rs t surveyors compl ained about 
the low speed , and consequent was t e of 
operational t ime , whi ch its constant use i nvol ved. 
Thi s , together with the rel ativel y short range , 
hi ghlighted the need for continui ng development 
of thi s type of equi pment and i n 1977 tri a l s 
were carried out i n HMS HECLA wi t h a pr_otot ype 
side- scanning sonar devel oped by the Department 
of Physics a t the Universi t y of Bath . Thi s 
sonar , which utilizes a heavy t owed body and a 
fa i red cable (whi ch i n turn allows the t r ansducer 
to be operat ed a t t he opt imum depth whi l e 
remaining reasor.ably c lose to t he ship) , produced 
excell ent r esul ts with ranges in excess of 700 
me t res at speeds up t o six knots while operating 

in depths of 100 to 150 metres . It is hoped as 
a result of the trials that i t wi ll be poss i bl e 
to obtain production equipment based on the 
prototype for use in the Ocean Survey ships 
within the next few years . 

But even a speed of 6 or 7 knots , whi ch i s 
probably the bes t that can be achieved using a 
towed transducer, is too l ow when used by ships 
designed to operate economically at ten knots or 
more . What is needed is a sonar which wil l 
provide complete coverage of the seabed , with a 
permanent record of the search and of any 
investigations carried out , and at the same time 
allow the ship to operate in the most economical 
manner . 
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The requïrement for such a sonar , envisaged 
as a hull - mounted system combining the attributes 
of the forward - looking set and the sideways­
scanning set with some form of automated data 
processing and displ ay facility , was first vo i ced 
in 1968 , At that time no Ministry of Defence 
resources could be made available to undertake 
such a project , and i t was necessary for the 
Hydrographer of t he Navy to stress the nati onal 
import ance of provi ding the type of sonar whi ch 
woul d allow his ships to carry out the detailed 
surveys required , to guarantee the safety of 
deep- draught vessels and submarines , in the 
relat i vely shallow waters surrounding the 
United Kingdom . This produced the necessary 
resul ts and responsibility for the development of 
a true hydrographie sonar was accepted by the 
Department of Industry at the end of 1969 . 

HYDROSEARCH SURVEY SON AR 

From the beginning it was decided to base 
the new sonar on the high definition 11 within 
pul se sector- scanning sonar" (the principl es of 
which are now wel l known and documented) whi ch 
had been developed during the previous dé cade 
at the Admiralty Research Laboratory , and the next 
three and a hal f years were spent in prepari ng 
a detailed techni cal specificat ion and in getting 
commercial organi sat ions interested in its 
devel opment , It became clear during this peri od 
that t he production of the ful l surveying sonar 
syst em as envisaged - with bot h the forward 
l ooking and side- scanning aspects combined -
coul d not be realized without a great deal of 
ver y protrac t ed and equally expens i ve development 
work , and so the dec i s i on was taken t o progr ess 
one aspect onl y and produce a sonar which coul d 
be used in either the horizontal or ver t ical 
mode . I n September 1973 a cont ract was pl aced 
wi t h Marconi Space & Defence Systems for t he 
production of a prototype sector - scanning s urvey 
sonar ; the firm proposed that t his be call ed 
"Hydrosearch" a nd i t i s by thi s name that the set 
has been knovm ever since . 

The prot otype se t was installed in 
HMS BULLDOG , one of the Coastal Survey vessels , 
at t he beginning of 1977 and trial s began in 
June , The probable operat ing procedure , whi ch , 
beca use of the l engt h of the trials programme 
(now delayed by an acc i dent to the transducer 
whi ch occured withi n a few days of the s t a r t ) , 
has ye t t o be proved in practice , is for the 
ship to carr y out the survey of an area in the 
normal manner by running parallel , equi di s t ant 
l i nes of soundi ng a t speeds up to ten kno t s , 
whi l e at t he same t i me operating Hydrosearch i n 
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the horizontal mode with the transducer depressed 
to an angle dependent on the general depth of 
water to provide the best coverage of the seabed 
ahead of the ship . Al l the informa t ion obtained 
will then be recorded automatically whi l e at 
the same time the operat or will be able to 
register the appropriate details of any target 
or obstruction which wi ll warrant further 
investigation. It will then be necessary for 
the ship to return to each recorded target to 
obtain further information by using the sonar 
either in the horizontal mode , to view from 
different aspects , or in the vertical mode to 
obtain height . At the end of the survey the 
surveyor will possess full pictor ial records 
of the whole of the survey area , together with 
the position and dimension of every obstruction 
and the depth of water over it . 

It i s hoped to have Hydrosearch fitted in 
all four Coastal Survey vessels by the early 
1980s , by which time the four Ocean Survey ships 
should be provided with a longer range version 
of the towed side- scanning sonar together with 
a hull- mounted Simrad SU survey sonar , These 
sets , together with the towed side-scanning sets 
now in general use , should provide sufficient 
f l exibility for the survey fleet to carry out 
comprehensive surveys , from wide - ranging area 
searches to detailed investigations of particul ar 
seabed features , in all depths of water out to 
the edge of the Continental Shelf , Such surveys 
will not only be carried out in a more cost­
effective manner than at present, but documentary 
evidence will be produced to demonstra e the 
thoroughness of their completion and which will 
be available for further research or closer 
analysis at a later date . In addition , in the 
case of t he Oc ean and Coastal ships , t hi s range 
of equipment should be sufficiently modern 
and versatile to provide their total sor.ar 
capability for the remainder of their lives in 
service . 

CONCLUSION 

All this having been said it is still 
necessary to remember that . the requirement for 
a survey sonar system , as first outlined at the 
end of the 1960s , remains unfulfilled . The 
Hydrosèarch sonar provides only one part of the 
total system envisaged , and the ship using it 
will still need to pass through the survey area 
more than once to obtain all the data needed to 
guarantee completion of the survey . A system 
which will permit the ship to pass only once 
thr ough an area , gathering all the data necessary 
both from beneath it and as f ar to either side 
of its track as t he adjacent sounding lines , 
must remain the ultimate aim. The provision of 
Hydrosearch is a very large step towards 
achieving this aim , and using the experience 
which will be gained from its operational use the 
Royal Naval Surveying Service can , with some 
confidence , look forward to seeing the next 
generation of survey ships , which will be 
required early in the 1990s , designed around the 
first total survey sonar system . 
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ABSTRACT 

National needs require impr ovement in present 
survey systems and techniques for acquiring and 
processing bathymetric data. The objectives of 
the National Ocean Survey's Bathymetric Swath 
Survey System (BS3 ) project are: (1) to improve 
the effectiveness of marine surveying, (2) to 
improve data quality, and (3) to provide useful 
engineering data for nautical charts and bathy­
metric maps. Instrumentation - a high-resolution 
multibeam swath sonar, heave- rol l - pitch sensor, 
tide tel emetry i nstrumentation, as well as navig­
ation sensor and a powerful minicomputer - has 
been developed to provide the hydrographer a total 
survey system. The system software will s ample 
al l the various sensors and provide for vessel 
navi gation, sonar beam v ertical depth and position 
determination, continuously zoned real-time tide 
correction, and real-time bathymetric contour 
graphies , as wel l as archi ved r aw sensor data . 
The BS3 surveying and processing techniques , aimed 
at improving the effectiveness of bottom ~apping , 
are now being demonstrated and refined on Puget 
Sound near Seattle, Washington , aboard the NOAA 
Ship DAVI DSON. 

INTRODUCTION 

Marine commerce is a n essential element of 
our na t ion ' s eco nomic life and contribu t es 
significantly t o the welfare and safety o f people 
and property. The production of accurate maps 
of the ocean floor as well as r e l ated environ­
mental da t ais reqÙired to sa tisfy naviga t ional 
needs and to contribute to national goa l s such 
as managing ocean resources, developing basic 
ocean sciences, and supporting national defense 
programs. 

The ar t of mapping the ocean floo r has 
evolved ve r y s l owly. Land areas can be mapped t o 
vi rtually any degree of accur acy and completeness 
using op tical t ec hniques provided by the well­
estab lished science of photogrammetry . Narrow­
beam vertical echo sounders - th e standard 
instrument used fo r ocean surveys - are f unction­
al l y l ittle more than efficient l eadlines. In 
us ing echo sounding t o produce naut ical charts, 
only 2- 5 per cent of the a r ea " surveyed" i s 
ac t ually seen or measured during the course of 
the survey . Even these measurements are 
frequent ly contaminated with gr oss , uncompensated 
er r ors caused by vessel heave, r oll and pitch , 
requiring a tedious and subjec tive interpre t ation 
of gr aphie records to generate the da t a base 
used for the compilation of the finished chart. 
Truly, ocean sur veying today is as much an art 
as i t is a sc i ence . 

Over the years the practitioners of this 
ar t have taken special care t o insure that the 
resulting chart s were adequate for use by all 
commercial vesse ls (with draf t s up to 30 feet) . 
Indeed, they have clone a uniformly remarkable 
job. The advent of the very large crude 
carriers (VLCC ' s) with drafts approaching 100 
feet , however, has raised some concernas to 
the adequacy of existing char t s and of survey 
techniques, especially in the near-shore waters 
along the U.S . west coast and Al aska . Although 
these waters are not ver y shallow, the under­
water features are of a very rugged character 
and are difficult to accuratel y delineate with 
conventional survey instruments. 

The solution to this problem has taken on 
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a very high priority within NOAA ' s Nationa l Ocean 
Survey (NOS). The development of the Bathymetric 
Swath Survey System (BS 3) by t he Nationa l Ocean 
Survey is intended to move the art of bathymetric 
and hydrographie surveying firmly into the realm 
of science. 

OBJECTIVES 

The objectives of the BS 3 project are: 
(1) to improve the effectiveness of marine 
sur veying, (2) to i mprove da t a quality, and 
(3 ) t o provide usefu l engineering da t a for 
nautical charts and bathymetric maps. 

The functional design of BS 3 was tailored 
to meet the following NOS program requirements : 

• 100-percent bottom coverage when required , 
• clear depth certificat ion of west coas t 

navigable areas , 
• reliable de t ec t ion, del ineation and 

least depths on shoals, 
• improvement in da t a quality as compar ed 

to present systems 
• useful r eal-time hard copy graphie 

displays, 
• reduction of overhead in survey 

verification and chart product i on . 

SYSTEM DESCRIPTION 

BS 3 merges three key elements to achieve 
these requirements . A high resolution multibeam 
swa th sonar a llows 100-per cent bottom cover age 
of a survey area . Recen tly- developed Heave­
Roll-Pitch (HRP) instrumentation provides vessel 
a tti tude data necessary to reduce the sonar 
beam data to accurate vertical depths and 
hori zontal positions. A power f ul minicomputer 
provides the computing ho r sepower needed t o 
perform this data r eduction and generate a 
bathymetric contour chart in real time . 

The sys t em provides fo r au t omated cont ro l 
of the various sensors . Comput er- genera t ed 
commands selec t the sonar depth scale and 
continuously adjus t the sonar ' s gates to track 
the bottom. Synchronization commands are issued 
t o t he Heave-Roll-Pitch subsystem and interro­
gation orders are sent when HRP data are 
required. Event and timing marks are gener ated 
to mark external recorders. Alarms are sounded 
a nd messages displayed wheneve r invalid data 
are detected or sys t em prob l ems occur . 



31 
The system design that evolved includes as 

major elements: 

• multibeam sonar t o provide wide area 
swath coverage , 

• Heave-Roll-Pitch instrumentation to 
provide vessel at titude data, 

• navigat i on and ship's heading sensors 
to provide position data, 

• tide t elemetry and logging instrumentation 
for tide corrections, 

• comput er subsystem to assimilate data 
from the sensor s and generate the 
required real-time displays a nd 
archive the raw data, 

• flexible sensor interface to provide a 
bidirectional data link between each 
of the sensors and the computer, 

• an el ectrostatic pr inter- plotter to 
generate bathymetric contour plots and 
data listings in real time, 

• a pen plotter to generate navigation and 
swath position plots in real time, 

• a steering display to depict computer­
generated helm o r ders, 

• a real-time software package to manage 
the data acquisition and generate the 
desired graphies and displays, and 
control orders to the various sensors . 

Figure 1 identifies the BS 3 hardwar e 
elements ; not included are the navigation, Heave­
Roll-Pitch a nd tide telemetry subsystems. 

Figur e 1. Bs3 Hardware Elements 

Figure 2 details the architecture of the 
system hardware. Paramount in the architecture 
is the capacity for an orderly expansion of 
the system t o include new sensors and computer 
peripherals as future requirements may dictate . 
Similarly, th e architecture of the sys t em soft­
ware design provides the flexibility needed to 
accommodate new tasks that may be required in 
the future . The system was developed to NOS 
specifications by the Harris ASW Division of 
General Instrument Corporation, which also 
manufactures the system ' s pr imary senso r - the 
Bo'Sun Sonar. 

Rlll lX.IAL 
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Figure 2. BS 3 Hardwar e Configuration 

COMPUTER SUBSYSTEM 

At the heart of BS 3 is the computer 
subsystem, s hown at the top and right half of 
Figure 2 . The Central Processing Unit i s a Digita l 
Equipment Corporation PDP 11/34 - a powerful 
16-bit machine whose design has been optimized 
for multitasked real-time operations . The DEC 
RT-11 operating system manages the execution of 
the BS 3 software which is resident in 64K words 
of computer memory. A dual floppy disk drive 
provides 512K bytes of mass storage for programs 
and system tables . Two TSOJ 9-t rack magnetic 
tape drives are used for recording raw sensor 
data. A dual QANTEX 3- M cartridge drive is 
used to log the Survey Summary file. Otner 
peripherals included in the computer subsystem 
are: a VT 52 CRT terminal where all operator 
entries, que ries and commands are entered ; a 
Gould 5005 e l ectrostatic printer-plotter for 
generation of the contour plot; and a Houston 
Instrument DP-3 pen plotter for the swath position 
and navigation plot . 

The computer subsystem by itself constitutes 
a very powerful and versatile data processing 
system. During actual survey operations, it 
is dedicated full time to executing the many 
tasks required to support r eal-time operation . 
When survey operations a r e not being conducted, 
the computer system is avai lable to pe rform 
post-time reduction of pr eviously- acquir ed 
survey data and to perfo r m the many utili t y 
tasks needed to support survey operations. 

INTERFACE SUBSYSTEM 

Until recently, the most difficult, costly 
a nd time-consuming part of designing a system 
such as BS 3 has been in interfacing the sensor 
instrumentation to the data processing subsystem. 
The interfacing of sensors to BS 3 has been 
painless and inexpensive. The BS 3 design uses 
the CAMAC standard for interfacing all sensor 



instrumentation and external data communications . 
CAMAC is an IEEE standard (IEEE 583) adopted in 
1975 that defines a digital interface bus and 
protocols for the transfer of data. The National 
Bureau of Standards actively supports CAMAC, and 
more than 50 companies worldwide manufacture 
CAMAC interface modules that will interface 
virtually any instrument to the CAMAC DATAWAY . 
Typically, interface modules are available off 
the shelf from several vendors and are priced 
competitively. BS 3 uses a variety of CAMAC 
modules - 24-bit parallel I/0, 110 Baud Serial 
I/0, 9600 Baud Serial I / 0, Up-Down Counters, D­
to-A Output, Relay Closure Output, PDP-11 Unibus 
Interface, and an Interrupt Vector Generator. 

From a software standpoint, the PDP-11/ 
CAMAC marriage has been a happy one. Sensors are 
addressed as though they are computer memory. 
When a sensor wants the computer ' s attention, 
a priority-vectored interrupt is generated. The 
left sicle of Figure 2 depicts the CAMAC DATAWAY, 
with the various sensor interface modules shown . 
The CAMAC CRATE in BS 3 has position for 24 plug­
in CAMAC interface modules. CAMAC crates can 
be cascaded to provide unlimited system 
expansion. The system lends itself to a rapid 
reconfiguration of sensor inputs should the 
ship's mission dictate . With the appropriate 
CAMAC interface modules and mission software, 
the system could be reconfigured in a matter 
of hours to support oceanographic experiments, 
magnetic surveys, gravity surveys , or any 
other data acquisition activity that might be 
required. 

SONAR SUBSYSTEM 

The principal sensor in BS 3 is, of course , 
the sonar . The Bo'Sun sonar, built by Harris 
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ASW Division of General Instrument, was selected 
for BS 3 because it was ideally suited for 
bathymetric swath surveying of near-shore west 
coast and Alaskan waters (depths of 10 to 300 
fathoms). The Bo'Sun Sonar operates at 36 KHz 
and has a transmitted pulse width that varies 
from 1 millisecond for the s hoalest r ange-scale, 
to 24 milliseconds for the deepest range-scale 
(2,500 feet) . The sonar has a ranging capabili t y 
of 4 , 000 feet and a resolution of 0.25 feet. 
Bo ' Sun employs a unique cross-fan beam forming 
technique that synthesizes 11-5° beams 
athwartshi ps on each sicle of the survey vessel, 
yielding a 21-beam swath that extends 50° ei th e r 
sicle of the ver t ical to provide a cross-track 
coverage 2.6 times the water depth. Referring to 
Figure 3, the transmitted pu l se insonifies a fan­
shaped volume that is narrow (5°) in the direction 
of the vessel cen t erl i ne . Return echo energy from 
the athwartships strip illuminated by the trans­
mitted pulse is received by each of 11 fan-
shaped receive beams. The fan-shaped receive 
beams are narrow (5°) in the arthwartships 
direction and long in the direction of the 
vessel centerline . The intersection of the trans­
mi t fan and a receive fan define a 5° x 5° square 
synthesized beam . The 11 receive fans are 
formed in 5° increments from the ver tical , to 50° 
above the ver tical . In this way , 11- 5° beams are 
formed on either sicle of the vessel. 

Figure 3. Bo ' Sun Bearn Pattern 



33 
The Bo'Sun receivers feature side lobe 

suppression circuits and "bottom match receiver 
filters" designed to optimize the performance of 
the sonar. The bottom match filters are 
selected by the transmitted pulse width and are 
designed to give near optimal receiver response 
to the expected bottom echo returns, taking into 
account the pulse stretching of nonvertical 
beams . 

The sonar also features gated bottom 
tracking circuitry to reduce the influence of 
spurious echo returns. These gates can be set 
either manually or by computer control . Normally 
in BS 3 these gates are continuously adjusted by 
automatic computer-generated commands . 

HEAVE-ROLL-PITCH SUBSYSTEM 

If not the principal sensor of BS 3 , the 
Heave-Roll-Pitch subsystem is the most important. 
For swath mapping, accurate vessel attitude 
information is an absolutely vital ingredient. 
In 100 fathoms of water, a 1° error in roll 
measurement will generate more than a 2-fathom 
error in the vertical depth determined from 
outer beam data. Vessel heave, if uncompensated, 
can add more than 6 feet of error to all depth 
measurements, depending on the sea state . NOS 
has been pursuing a solution to this problem for 
several years and has developed a design for a 
strap-down Heave-Roll-Pitch Correction Subsystem 
based on an engineering model developed by 
Arthur D. Little Corporation of Cambridge, 
Massachusetts. More recently, the DATAWELL 
Corporation of the Netherlands has developed 
a prototype system based on the designs of its 
WAVERIDER Buoy and its PIROG (Pitch-Roll) 
Sensor. The two systems use entirely different 
instrumentation techniques (although 
mathematically equivalent) to derive ro l l, 
pitch, and vertical (heave) acceleration. 

Exact vessel heave can be determined from 
vertical acceleration; however, it cannot be 
done accurately in real time. In practice, 
real-time heave determination introduces a phase 
shift, which in turn introduces an error in the 
heave measurement that increases as the period 
of the wave form increases. 

The result of this physical reality is that 
only approximate heave measu r ements can be made 
in real time, with errors increasing as the 
vessel heave period increases. BS 3 is designed 
to utilize these approximate real-time heave 
corrections for the real-time contour plot 
displays ; however, the vertical accelerations 
of the HRP sensor are recorded on magnetic tape 
for exact heave determination in the post pro­
cessing of the survey data. Bath instruments 
are capable of providing accurate roll and pitch 
data in real time. 

The DATAWELL Heave-Roll- Pitch Prototype 
instrument (HIPPY 120) has been integrated into 
BS 3 on board the NOAA Ship DAVIDSON and ls 
capable of resolving roll and pitch angles of 
0.1°, although its absolute accuracy is 
somewhat less . The bandwidth of heave motion 
the instrument is capable of measuring extends 
from 30 seconds to 0.6 seconds. The DATAWELL 
instrument incorporates its own onboard digital 

microprocessor which computes heave without 
phase errors after the fact. The microprocessor 
also manages the data communic'ation between it 
and the BS 3 CAMAC interface . 

HYDROGRAPHIC TIDE TELEMETRY AND LOGGING SUBSYSTEM 

The tide telemetry and logging subsystem 
provides real time tidal da t a for the 
correction of hydrographie soundings obtained by 
NOS survey ships. The tide telemetry and l ogging 
s ubsystem includes a number of shore s t ations , 
interfaced to NOS standard field bubbler gages, 
and a shipboard station whi ch controls the shore 
stations and accepts their data . The shore 
stations acquire tidal information from the field 
bubbler tide gage and, according to command from 
the shipboard station, transmit and/or store 
the information for future transmission. The 
shipboard station will receive the tidal data, 
record / display the data and/or pass the data on 
to the BS 3 CAMAC interface. The shipboard 
station communicates with the shore station to 
select a particular operating mode. 

This system provides real- time zoned tide 
corrections and verification that the tide gages 
are operating proper l y during survey operations . 
Hourly heights are stored for up to 30 days at 
each gage during periods in which the vessel is 
nonoperational or beyond telemetry range of the 
tide gages. 

NAVIGATION SUBSYSTEM 

The present positioning systems used by 
NOS for near-shore surveys include Raydist, 
Del Norte, and Mini Ranger, as well as sextant 
and theodolite cuts. 

BS 3 will accept four lines of position 
through the CAMAC interface Range- Range, 
Hyperbolic, or a combination of each . Addition­
ally, the ship ' s gyrocompa ss is interfaced to 
the computer to provide heading data accurate 
to + . 5°. 

The positioning data and ship heading 
provide the horizontal XY data used to plot the 
track of the ship and the sonar coverage on the 
XY plotter in real time . These data are also 
used to determine location of the vessel, 
relative to the tide gages, for computing 
continuously-zoned tidal correctors. The 
positioning data are also used in real time to 
navigate the vessel along specified survey 
lines . Helm orders are d isplayed on a log­
arithmic left-righ t steering meter on the bridge. 

OPERATIONAL TECHNIQUES 

Emphasis has been placed on providing 
detailed hard copy graphie displays to the 
hydrographer in real time so that he or she will 
be able to accurately evaluate the quality of 
t he data being obtained and the adequacy of the 
survey as it progresses . BS 3 generates two 
different hard copy graphie records in. real time -
a bathymetric contour plot and a swath position 
and navigation plot. 



BS 3 was installed on board the NOAA Launch 
LAIDLY, a SS- foot launch based at the NOS 
At l an t ic Marine Center in Norfo lk, Virgin i a . 
Operations were conducted from October through 
mid- December 1977, for acceptance testing and 
system grooming . All major e l ements were 
integrated into the system, wi t h t he exception 
of the Heave-Roll-Pitch subsys t em, which was not 
ava i lable in time . The system was exercised over 
a variety of bottoms in a wide range of sea 
sta t es . The bathymetric contour plots shown in 
Figures 4, 5, and 6 were obtained during this 
period . The LAIDLY sea trials demonstrated 
the integrity of t he equipment and the soundness 
of the system design. 
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Figure 6. Bathymetric Contour Plot 

Figure 4 i s an example of the bathymetric 
co ntour plot . Corrected vertical depths below 
the vessel are printed down t he center of the 
plot . Contours are generated athwartship for 
dep t hs shoaler than the vertical depths beneath 
the vessel . The con tour interval can be set 
ta any desired level . Ta improve the clari ty 
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of the plot, no contours are displayed for depths 
deeper than the vertical depth . At specified 
fix time interval s, a cross-track scale is drawn , 
and r aw data associated with that fix event are 
printed in the margin . A dashed line on either 
side of the con tour plot shows the limits of the 
swath coverage. Figure 5 shows a contour plot 
of a section in the Norfolk Canyon , 60 miles 
east of Chesapeake Bay . The vessel is traversing 
from the top toward the bottom. Contour interval 
is set at 50 feet . The cross-track coverage 
varies fr om 900 meters ta 700 meters as the vessel 
proceeds into shallower water . A change in the 
cross- track scale from 1,600 meters to 800 meters 
occurs automatically near the bottom of the plot . 
Sorne of the contou r s appear noisy because heave­
roll-pitch compensation was no t being applied 
ta the data . 

Figure 6 shows another contour plot of a 
shoal area in Chesapeake Bay . The contour interval 
is set at 1 foo t, wi th a cross-track scale of 50 
mete r s . Again, some noise in the contour i s 
evident, caused by uncompensated heave-roll-pitch. 

Figure 7 is an example of the swath position 
plot which graphically illustrates the swath 
coverage of a survey area. The continuous line 
represents the vessel track line, the numbers 
repr esenting fix event s , and the dashed lines 
represent the swath coverage , with the indexes 
pa inting toward t he associated track line . In 
addition to the graphie displays , the functional 
design provides for positioning and navigation 
of the vessel a l ong prescribed survey lines. 
Orders are sent ta a helm display ta aid the 
helmsman in keep i ng on line. 
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Figure 7. Swath Position Plot 

Two archival magnetic tape data files are 
created as the survey operation proceeds. The 
first file records all raw data obtained by the 
various system sensors. The second file - the 
Survey Surnrnary File - logs a running history 
of the survey operation and includes a record 
of the system configuration, parameters and 
correctors, system errors, and operator cornrnents. 
After the s urvey has been completed , the Survey 
Summary File is edited to update it with the 
most accurat e corrections and parameters . 
This file, along with the raw data tapes, are 
then used by a postprocessing progr arn to compute 
the true depth of each a r chi ved echo range. The 
depths are arranged by the program i n t o a file 
acco r ding to their XY posit i on on the bottom . 
This file is divided into plottable unit areas 
(PUA) which are a function of the survey scale 
and size of depth unit to be plotted. The 
minimum and maximum depths and the ir true position 
will be selected in each PUA . However , only 
the minimum dep th will be plotted. A sounding 
plot is then genera t ed , as well as a profile 
plot and selected depth listing. 

Figure 8 is an example of the profile plot 
and selec t ed depth listing. Tide corrections 
are listed above the mean lower low water datum 
line; below thi s line is the minimum , vertical 
and maximum profiles of the bottom annotated 
with time, depth scale and various remarks . 
Selected dep t hs are indicated, and the t rue 
depth and position information is printed below 
th e profiles. These graphi es r ecords provide 
for the visual verification fo r complet eness 
and quality prior to depar ting the survey area . 

The system has been install ed onboard t he 
NOAA Ship DAVIDSON , a modern 175-foot coastal 
survey ship . A field experiment is underway in 
Puget Sound near Seattle, Washington, to develop 
operational techniques to make the most 
effective use of the sys t em for NOS hydrographie 
survey opera t ions . 
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Figure 8 . Profile & Se l ec ted Depth 
Pr in tout 

Water depths vary from 8 t o 150 fathoms and 
are characteristic of the rugged west coast 
and Alaskan topography for which the system was 
designed. A comparison survey will be run by 
DAVIDSON, with BS 3 operated in paralle l with 
HYDROPLOT - NOS standard automated s urvey 
s ystem . 

Three dis tinct hydrographie smoo th sheets 
of th e survey ar ea wi ll be produced. The first 
sheet will be derived from HYDROPLOT data 
acquired us ing conventional survey techniques. 
The second sheet will be based on BS 3 data 
acquired in parallel with the HYDROPLOT data 
of the first sheet. The third hydrographie 
smooth shee t wi ll be based on data acquired by 
BS 3 (Figure 9). A cri ti cal comparative 
evaluation will be conduc ted to assess the 
effec tiveness of BS 3 and the newly-developed 
operationa l techniques . 

L .. .. 
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Figure 9. Su rveying Procedur es 

Dur ing this same per iod , DAVIDSON will also 
conduct a carefully- controlled experiment t o 
charac t erize the accura cy of each of the 21 sonar 
beams. Highly accurate data are expected from 
the ver tical and near-vertical bearns; however, 
the fur ther the beams progr ess from the vertical , 
the more sensitive the accuracy of the data 
becomes t o pulse stre t ching , as well as small 
error in the measurement of vessel roll. The 
LAIDLY sea trials have shown that all outer 
beam da t a are useful for the qualitative real-



time contour graphies . However, th e acc uracy 
of some of these outer beam data may not meet 
NOS ' accuracy standards for use in NOS char t 
compilation. 

CONCLUSION 

The Bathymetric Swath Survey System is 
intended to move bathymetric surveying firmly 
into the realm of science . The latest state- of­
the-art instrumentation and analytical 
techniques have been brought together ta provide 
the hydrographer the tools for more accurate and 
effective surveying. The operational and 
processing techniques which were proposed and now 
under development , will be evaluated and 
modified as necessary to provide the best quality 
and quantity of data for bathymetric and nautical 
charting . 
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Single Vessel Sweep System 
H. BOUDREAU 
'C.H. S. Atlantic R egion 

Abstract 

This paper describes the development and operation 
of a single vessel sonar sweep system int ended for 
use on a small vessel operating under precise posi ­
tional control . 

While ther e are currently in existence a number of 
commercially available operational systems, the 
frequency of application by the Canadian Hydro ­
graphie Service, Atlant ic Region, makes it diffi ­
cult to justify the purchase of a large automated 
system. A small, three t r ansducer system similar 
to the Raytheon "Channel - Sweep Survey System" was 
developed. 

The components of the syst em described herein are 
cur rently utilized by the Canadian Hydrogr aphie 
Service , Atlantic Region, on conventional charting 
surveys, thus are readily available with no capital 
expenditure . 

The primary fu nction is to provide sweeping 
capabilities i n order to ensur e complet e bottom 
coverage in areas of cr itical depth. The system 
provides 100% bottom coverage in depths of from 5 
to 30 metres when sounding at line spacings of up 
to 25 metres. 

Development and trials were conducted at Bedford 
Ins t itute in the spring of 1977. The syst em was 
operated successfully during a product ion survey 
later the same year. 

Introduction 

During the spring of 1977 the Revisory Surveys 
Establishment of the Ca~adian Hydrographie Service, 
Atlantic Region, was given the task of conducting 
a large scale survey at the port of Dalhousie, 
New Brunswick . Requirements for this survey were 
such that specialized hydrographie survey pro­
cedures were considered and developed . 

The area to be surveyed was approximately 800 
metres long and 500 metres wide (Figure 1). 
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F IG. I AREA TO BE SURVEYED 

Average depth in the channe l along the range line 
was approximately 10 to 15 metres . The purpose of 
t he survey was to determine t he exis t ence and 
loca t ion of any submerged hazard to navigation , as 
well as to delineate the ex t ent of the channel for 
navigation purposes . Because of the narr ow width 
of this channel, it was decided to use a sounding 
procedure which would give bottom coverage equiva­
lent to sweeping . 

System Concep t 

During recent years, various configurations of 
sonar sweeping systems have been developed and 
operated . One system which seemed quite suitable 
for this project would have been one similar to 
the Raytheon "Channel- Sweep Survey System", using 
a modified DE-719 Fathometer and four transducers 
(Figure 2). With this system, four advantageously 

MODIFIED 
DE-719 

FATHOMETER 

FOUR 
TRANSDUCERS 

FI G. 2 RAYTHEON CHANNEL SWEE P SURVEY SYSTEM 

spaced transducers produce four offset traces on 
the recorder graph. As this system was not readily 
available, it was decided to develop one along the 
same lines. The system to be developed would 
operate on three rather than four transducers . 
Figure 3 shows the system concept of a three trans­
ducer sweep system . An odd number was chosen in 
order to utilize the hull mounted transducer and 
mount a balanced array . 

PORT 
TRANSOUCER 

FIG.3 SCHEMATIC OF 3 TRANSOUCER SWEEP SYS TEM 



The ·major departure f r om the Ray theon "Channe l­
Sweep Survey Sys tem" was tha t it was decided to 
utilize a separate recording unit fo r each tra ns ­
ducer . This was designed to provide three dis­
tinc t advantages. First, it eliminated the need 
fo r modified hardwa r e thus e liminating possible 
t echnical or operator difficulties due to modif i­
cations. Secondl y, and perhaps more important, 
by using "off-the- shelf" components , i t allowed 
the assemblage of the system with a minimal input 
of time and effort. Thirdly , using this approach, 
a system could be developed with no capital 
inves t ment for sounding instrumentation , as the 
instruments were already available . 

Equipment 

a) Sounders 

The only sounder given prac tica l consider a tion 
was the Ray the on DE-719; it being the only light­
wei ght, easily portable instrument r eadil y 
avail able and in current use by the Canadian 
Hydrographie Service, Atlantic Region. Dep th 
measurements have proven t o be within accuracy 
standards as required by C.H.S. Survey Standing 
Ord ers. 

These sounders could be oper a t ed on ei the r 200 
KHz or 208 KHz . Where the three sounders on this 
system were no t slaved t o transmit at the same 
instant, it proved of some advantage in r edu cing 
interference (cross- t a lk) be tween units . The t wo 
outer recorders were operat ed at 200 KHz while the 
cen t r e one was operated a t 208 KHz. 

The r eco r ders were mounted side by side on a 
simple pl ywood rack inside th e cabin of t he launch, 
where th ey wo uld be easi l y accessible to t he 
oper a tor and visible to the hydrographer . 
Installation aboard a convent ional 25 f t . (7 . 6 
me tre ) survey launch is shown be l ow . 

3 SOUNDBRS I NSTALLED ONBOARD CSL DUNLIN 
t!AY 1977 
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As each r eco rde r/transdu cer pair was ma t ched, all 
connections were l abel ed to avoid confusion . 
Power was supplied by three 12-volt ba tteries 
which were s t owed under th e recorder r ack . A 
multiple " Fix" button was installed to r ecord 
events on the three i nstruments simultaneously. 

b) Tr ansduce r Mount i ng 

The centre transduce r was mounted on the hull of 
the launch , app roximately 3 metres from the stem. 
The ou tboard transducers were mounted on fibreglass 
floats . These floats were made of light plywood 
f raming covered with fibreglass and wer e one foot 
squa r e in section and five feet l ong (Fi gure 4) . 
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FIG4 . TRANSDUCER FLOATS 
The five foot l eng th p r oved ample to maintain the 
transducers ver tical in the fore and af t pl ane . 
The shape of these particular floa t s was not 
necessaril y i deal as they were salvaged from a 
previous exper iment; however, they proved adequa t e. 

The two ou tboard transducers wer e model 2445 AD 
(200 KHz) units supp l ied as standard equipment 
wi th the DE 719 r ecorder s . They were mounted t o 
the fibregla s s floats by means of an a luminum 
br acke t made of 3/ 8- i nch aluminum pla t e (Figure 5) . 
The tr ans du cers were at t ached to t he brackets 
using 1 /4 i nch "U" bolts. Depth of each unit was 
adjustab l e , as was at titude with respect to 
vertical in the athwartships plane. 
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FIG . 5 TRANSDUCER BRACKET 

The final step was t o a ttach the floats to the 
l aunch and secure fo r operat i on . This was done 
using lengths of 1 1/4 inch square alurninurn 
tubing (Figur e 6) as outriggers. 
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F:G. 6 OUTRIGGER MOUNTING ASSEMBLY 

These outriggers were bolted firrnly to t he floats . 
Connections t o the gunwa l e hinges were wi th a 
single 3/ 8 inch stainless s t ee l bolt. This 
allowed the entire float assernbly to pivot 
vertically t o cornpensate for launch or float 
rnovernent . The inboard ends of t he ou triggers 
were drilled a t 2 inch intervals so that the 
transdu cer spacing was adjustable . Towing strain 
was taken up by 3/8 inch po l ypropylene rope frorn 
t he front of each floa t to a forward c l ea t. 

FIG . 7 SWEEP SYSTEM ON CSL DUNLIN 

FIG . 8 SWEEP SYSTEM ON CSL PHEONIX 

Operation 

For ease i n stowage and transportation, the 
cornponent s were cornple t e l y disrnantled. At the 
survey area t he sys t em was as sernbled , transducer 
depth a nd spacing set, and tra nsducers s ecur ed i n 
a vertical position. This t ook approx i rna t ely 
t wo hours . While s t earning frorn dockside to survey 
site, the outriggers could be pi voted upwards to 
a vertical position a nd secured (Figure 9). To 
r esurne soundin g oper a tions , the ou trigger assernb l y 
had only to be given a push and it was r eady to go. 



FIG . 9 TRANSDUCER FLOAT SECURED FOR STEAMI NG 

Transducer spacing was determine d as a fun ction 
of the usab l e portion of the transducer bearnwidth 
and t he depth of wa t e r in the a r ea of oper ation . 
The DE- 719 Fa thome t e r wi th 2445 AD (20 0 KHz) 
transducer is specif ied by the manufactu r e r to 
gene r a t e a n 8° conical bearn to th e - 3 Db (ha lf 
power points. It was found, however, that 

TRANSDUCER 

F IG. 10 T RANSDUCER BEAM PATTERNS 

signif i cant echoes we r e r ecorded a t the -1 2 Db 
(o ne- quarter power) points in depths of up t o 30 
me tres . This meant that in this dep th range the 
ef f ec tive beam width was 16° . 
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The accuracy t o which this 16° bearnwid th would 
record bottom features could therefore be computed 
as shown in Figure 11. 

28 = TRANSDUCER BEAM WIDTH .,d "' d (sEc. 8- 1) 

d= DEPTH OF WATER FOR 28 = 16° 

.,d = 
_Q_ .,d 

MINIMUM DISCERNABLE 10 .1 
DIFFERENCE IN DEPTH 20 .2 

30 .3 

FIG. 11 DEPTH RESOLUTION FOR 16° BEAMWIDTH 

I t was thus deduced that an abject which pro truded 
gr eater than 0. 3 metres above the bot t om anywhe r e 
within t he 16° beam would be r eco rd ed within our 
stated accuracy requirements . 

Transducer separation was de t e r mined as a function 
of t his 16° bearnwid th and the dep t h in the area 
of operation . The r equired distance be t ween tr ans­
ducers was the maximum which would allow over­
lapping beams in the dep th of wa t er being surveyed . 

30 -- --------
S= TRA NSDUCER SPACING 

25 1 D= DEPTH 

~ 20 
1 28= BEAMWIDTH= 16° 

Q. 1 
w 
0 15 1 S = 2D TAN 8 

10 
1B.4 = .28 D 

1 
5 

0 
1 2 3 4 5 6 7 B 9 

SPACING 

r-- s s -----j 

G 28 

D 

l 
··•.·· .. ·.1··•··· 

3S 

FI G.12 TRANSDUCER SPACING V s . DEPTH 



4/ 

The required spacing to ensure 100% bottom 
coverage at various depths is shown in Figure 12. 
For an average depth between 10 and 15 metres, a 
spacing of between 2.8 and 4 . 2 metres was re­
quired. For t he 1977 project, a spacing of 3 
metres was chosen . 

Once the spac ing was determined for the appropri­
ate depth, the width of the insonified swath in 
those dep t hs was three times the transducer 
spacing (From Figure 12). This meant that in 
our operational area the insonified strips were 
9 metres wide. 

30 

0 

'? 15 
0 

" :,: 

~ 10 
L,J 
0 

5 

D= 12 5 

o ~ ----+-- - -+----~ ---+-----4---
5 10 15 20 25 

WIDTH OF ISONIFIED STRIP 

FIG . 13 WIDTH OF ISONIFIED STRIP 

VS. DEPTH 

The maximum allowable line spa cing was thus the 
width of the strip insonifie~ less twice the on­
line position accuracy. On-line position was 
monitored using shore based theodolite and port ­
able radios. It was found that, albeit difficult 
with a strong cross current, the vessel was kept 
on line to wi thin 1 metre . When the vessel went 
off line by more than this amount the line was 
r erun . The allowable line spacing was thus 
limited to 7 metres. Partly to simplify plotting 
and partly to provide some safety factor , lines 
were run at 6 metre intervals. 

Discussion 

The results of the produc tion survey using the 
system were quite encouraging. The only technical 
difficulty encountered was minor and consisted of 
a mechanical malfunction of one recorder which 
repeatedly broke styli. 

The maximum operating speed of the launch with 
the ou tboard units rigged was found to be 6 knots . 
At faster speeds the floats tended to submerge as 
well as visibly strain the outriggers. Optimum 
operating speed was approximately 5 knots . Vessel 
maneuverability and line- keeping ability were not 
impaired at these speeds . The outboard float did 
tend to submerge during a fast turn; however, this 
did not occur when trials were done using a vessel 
with l ess freeboard . 

The system was found to be operable only under 
optimum weather condi t ions; that is, with waves 
less than one foot, and during periods of light 
winds. 

Measurements were taken to de t ermine float planing 
when underway . No planing was detected at launch 
speeds of up to 6 kno ts . At 6 knots, a vertical 
displacement of 2 inches downward relative ta the 
launch was measured. Th is was thought ta be 
caused by t he launch planing . In any case it was 
considered insignificant . 

Ca l ibration of each recorder was carried out using 
s t andard bar check or cone check device. For the 
out board units the cone check was suspended from 
a snatch black on an aluminum pole (Figure 14). 

FIG. 14 CALIBRATION OF OUTBOARD SOUNDER 

Interference (cross-talk) between sounders 
operating at or near the same frequency and in 
close proximi t y proved ta be less troublesome than 
was expected . At a spacing of 3 metres between 
the centre (hull mounted) transducer and each out­
board unit, cr oss talk between the two outboard 
units was negligible. It could in fact be 
e liminated by slightly lowering the receiver gain 
con trols. Cross talk be t ween hull mount ed and 
outboard transducers cou ld not be eliminated. 
This proved troublesome only when recorder stylus 
drive mater speeds were almost identical. The 
result of this situation is shown on the gr aph 
following (Figure 15). This shows the t rans­
mission pulse from the starboard sounder being 
recorded on the graph of the centre recorder . The 
fluctuation of the graph of the cross talk was due 
ta variation in th e relative mater speeds . The 
large fluctua tions were caused by minute adjust ­
ments to the " speed- of-sound" central ta test the 
sensitivity. 
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For tunat el y , this pattern could be , and was, 
eliminated by adjustment of the stylus drive motor 
speed of the ou tboard recorder. This produced 
accep t able pa tterns of " c r oss-talk" (Fi gures 16 
and 17) which could be eas ily identi fied and were 
no t confused with the bottom echo. The adjust­
ments t o th e motor speeds necessar y t o gener ate 
t he acceptable " cross-talk" patterns resulted i n 
negligible differences in dep th measurements . 
When checked with the " cone check" device to 30 
me tres depth, no difference could be de t ec t ed on 
the r ecorder graphs. 

This survey showed the s ys t em capable of providing 
excellent bo ttom coverage at a survey scal e of 
1 :1200. In dep ths of from 5 to 20 met r es , minimum 
bo ttom coverage obtained was appr ox i ma t ely 87%. 
In the criti cal areas (depths from 10 to 20 me tres) 
bottom coverage was 100%. 

It should be not ed that on mo r e than one occasion 
isolated echoes were r eco r ded on one recorder and 
not on the others. These could quite possibly 
have been missed using conventiona l sounding 
techniques a nd instr umentat i on. 

Conclusions 

The co nc l usions drawn from this exer cise are 
neither startling nor r evolutionary. The concep t 
of sonar sweeping is hardly original. 

This project simply demonstra t ed tha t wi t h certain 
l i mita tions it is possible to sweep an ar ea us ing 
existi ng sonar equipment whi ch is usuall y r eadily 
availa ble to any hydrogr aphi e survey party. Any 
hydro gr apher could build a sonar sweep system in 
the field if or wh en the need arises . This also 
shows tha t survey pr ocedures can be developed to 
impl ement elec tronic sweeping on a large scale 
survey . 
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Measurement of Currents in Narrow 
Passages using IN SITU Pressure 
Gauges 
M. WOODWA RD 
C. H.S. Pacifie Region 

Abstract 

A program is presently underway to 
measure currents in Dodd Narrows and in Active, 
Porlier and Gabriola Passes (British Columbia) 
using in situ pressure gauges. No long term 
current measurements had ever been made in these 
four locations due to a combination of marine 
traffic , strong currents and related equipment 
limitations. An in situ pressure gauge is in­
stalled at each end of the narrows under study 
and the hydraulic head derived from the pressure 
difference is used to calculate the current from 
an empirical model of the relationship of hydrau­
lic head to current. This empirical model is 
calibrated from simultaneous measurements of the 
pressures and current . From measurements made 
in January 1978, results are presented of a pre­
liminary calibration of these relationships for 
Dodd Narrows, Active Pass, and Porlier Pass . 
The length of data record required to produce 
reliable predictions is discussed, along with 
problems involved in making current measurements 
in these areas and equipment used, past and 
present. 

The Area 

The Gulf Island passes, by which we 
mean Active, Perlier, and Gabriela Passes and 
Dodd Narrows (see Figure 1), are the major 
channels between the outer Gulf Islands. Most 
of the commercial traffic through these channels 
consists of fishing vessels, towboats and ferries, 
but these are easily outnumbered by p l easure 
craft, particularly in summer. 

Currents and Their Prediction 

The current through each of the Gulf 
Is l and passes is driven a l most entirely by the 
difference in the water levels between the two 
ends of the channel. Typical differences in the 
water levels of 20 cm . are attained due to diff­
erences in the range and phase of the tide trapped 
by the outer Gulf Islands and the tide propaga­
ting into the Strait of Georgia through t he 
larger channe l s to the east. Maximum currents 
in the narrowest parts of these passes of at 
least five knots can normally be expected at 
spring tides with nine knots being attained at 
times in Dodd Narrows. The flow is often violent­
ly turbulent and accompanied by severe rips. 

Predictions of the current at these 
places are of considerable importance to the 
mariner . For the p urposes of predicting the 
current it is necessary- - as a bare minimum- - to 
have hourly measurements of the current for one 
lunar month. Predictions of current based on 
harmoni e analys i s of this amount of data will be 
accurate for t he most part , but this accuracy 
wi l l vary inti me due to l ong ~erm changes that 

are net resolved by the short series of measure­
ments. Such i s the state of the present predict­
ions of the current in Dodd Narrows . In order to 
properly reso l ve the long term variations and to 
ensure that variations caused by storm surges , 
etcetera, do net affect the analysis , current 
observations for a period of one year are highly 
desirable. 

Previous Current Measurements 

In the early 1960's a program of current 
measurements was undertaken in the Gulf Island 
passes . The methods available at that time re­
quired the continuous attendance of a field party 
so that measurements were t aken for at most one 
month. 

That very tedious method of measuring 
currents, drogue track ing , has been employed at 
many sites in the Gulf Islands. The method pro­
duces perfectly satisfactory results in the passes, 
although in the employment of this method one 
must consider the requirement for personnel to 
deploy the drogues and to man the tracking station 
for one month, twenty-four heurs a day. Other 
difficulties with the drogue tracking method are 
the feasibility and safety of operations at 
night and spatial variations in the current which 
make the observations strongly dependent on 
the position of the drogue. The present pre­
dictions for Active Pass are based on current 
measurements made by drogue tracking, supplemen­
ted by one year of slack water time observations . 

I n places where the current runs at 
nearly full strength quite close to the shore, a 
current meter mounted to a small boat was held 
approximately thirty metres out in the channel 
by a large mast and boom. This method still re­
quired the attendance of a field party but the 
work was r educed to recording the readings 
(wi ring from the meter ran up the boom to the 
observer ' s hut ) and swinging the boom in to allow 
passage of marine traffic such as towboats with 
log booms. The present predictions for Dodd Nar­
rows are based on measurements made by this 
method . (see Figure 2) 

It may be seen that to obtain one year 
of continuous data, some unattended system of 
measurement is required. 

Use of Recording Current Meters 

Whi l e it might seem at first g l ance that 
the development of submersibl e recording current 
meters would selve the problem of current meas­
urements in the passes , such instruments are of 
little use . Certainly current meters are built 
that will withstand the strong currents, but 
holding them in position is extremely difficult . 
Mounting the unit close to the bottom is diffi­
cul t due to t he presence of the turbu l ent bound­
ary layer; conventional taut- l i ne moorings are 
soon eut by towing cables , even if one could be 
built to withstand the natural rigours of t he 
currents. A structure strong enough to wi thstand 
towing cables i s l ikely to pose a serious hazard 
to navigation . 



Currents from Measurements of Hydraulic Head 

The objective of the prograrn presently 
under way is to obtain current records f or a 
period of one year to better establish c urrent 
predictions for each of the four passes. The 
current in each pass is calculated from the hydrau­
lic head across it which is measured by two in 
situ { submersib l e, internally recording) press­
ure gauges installed at the ends of the channel. 

One would expect to be able to make 
accurate calculations of the current in a channe l 
from the two corresponding pressure records if 
the following hold: 

a) momenturn advected into the channel is 
small with respect to that devel oped 
in the main f low so that the current 
is almost ent irely driven by the 
hydraulic head; 

b) the head developed across the pass is 
large wi th respect to the accuracy of 
the pressure gauges. 
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In order to calculate the currents from 
the pressure differences, one must be abl e to 
define some suitable mathematical relationship 
between the two. The complexity of most passes 
makes a direct theoretical approach impractical, 
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Current in knots • Gurley current meter - mast & boom 

X Drift-pales 

Figure 2 Current Measurements in Dodd Narrows - 1960 

so current measurements must b e obtained simul­
taneously with the pressure measurements for a 
time sufficient to determine an empirical relation­
ship . A measure of the utility of this method is 
the number of current measurements necessary to 
cal ibrate the empirical models . The installation 
and servicing of the pressure gauges is a fairly 
simple matter (all eight being installed in one 
day); the bulk of the work is in the measuring 
of the currents . 

Pressure Gauges and Their Location 

The positions of the pressure gauges 
are shown in Figure 1. These positions were chO"' 
sen to satisfy the following requirements: 

a) out of the influence of the main 
flow, yet close enough to the chan­
ne l ends to g ive accurate results; 

b) accessible by ship for the insta­
llation of the instrument anchors ; 

c) protected enough to reduce the 
effect on the measurements of sur­
face waves and to allow the ser­
vicing of the instruments by divers 
from a small boat; 

d) having a solid bottom to minimize 
the settling of the instrument 
anchors; 

e) at a depth of approximately 15 
meters , deep enough to he l p reduce 
the effects of surface waves, yet 
shallow enough to keep the diving 
operations simple. 

Anchors for the pressure gauges con­
sisted of concrete blacks (700 kg in air ) fitted 
with plastic holders to carry the instruments. 
An acoustic beacon or "pinger" (Helle l.i watt, 
27KHz) was attached to each anchor to provide 
an easy method of relocating the instrument and 
a brightly coloured float was tethered three 
metres above the bottom to aid in visual loca­
tion . 

Pressure gauges of two companies, 
Aanderaa Instruments Ltd. (2-model TG2A, 2- model 
TG3A) and Applied Microsystems Ltd. (4-model 750A) 
are being emp l oyed . Al l are fitted with quartz 
pressure sensors {Paroscientific Inc.) with 
full sca l e pressure of 45 psia and an accuracy of 
0 . 01% of full scale (3mm of water) . Both makes 
of gauge average the pressure over a time inter­
val which wil l hereafter be called the integra­
tion time . 

The four Applied Microsystems units 
were chosen for the two most important passes, 
Active and Perlier. This choice was made on the 
basis of their superior reliability and endurance 
and upon their capability of being configured 
to an integration time of 4 50 sec. to average out 
a seiche which was known to exist atone of the 
locations and to average wave effects at the 
exposed outer locations. The Aanderaa TG3A 
units which have a fixed integration time of 28 
sec. were placed in the most she l tered l ocations, 
at Gabriela Pass. The two TG2A ' s were set for 
100 sec. integration time for the moderately 
sheltered locations at Dodd Narrows . Al l of the 
instruments were set to record the pressure every 
quarter hour and synchronized so that the integra­
tion times were centered on the quarter hour . 



Current Measurements 

As it was hoped t ha t relatively few 
current measurements would be necessary to cali­
brate the empirical models , a method of measuring 
the current involving the conti nuous attendance 
of a field party was considered satisfactory. A 
Dumas Neyrpic current sensor (small screw style 
rotor) was carried by a steel strut fastened to 
the side of a fast launch and projected two 
metres below the bottom of the hull. A d igital 
readout calibrated directly in knots was built 
for the project by Applied Microsystems Ltd. who 
also fitted the sensor with a solid state rota­
tion sensing device. This combination of l aunch 
and current meter worked very well in the field. 
Currents up to ten knots coul d be measured with 
an accuracy of approximately 0. 1 knots as l ong 
as the sea was relatively calm. The fie ld op­
erations consi s t ed of stemming the current in the 
pass at the p l ace where the curr ent was found to 
be strongest--usually slightly downstream of the 
narrowest part of the channel. Position was 
maintained by range marks established on the 
shore. 

Determination of the Empirical Models 

Condi ser steady fr i cti onless irrota­
tional flow through an open channel . From 
Bernoulli's equation: 

where u is the velocity of the current 
6h is the hydraulic head 

... 1 

The pressure gauges measure the sum of 
hydraulic pressure above the pressure port and 
atmospheric pressure . If mean sea level is the 
same at both ends of the channel, then the mean 
should be removed from the hydraulic pressure 
differences to obtain results proportiona l to 
the hydraulic head, neglecting effects due t o 
chang es i n the density of the water column. If 
there i s a difference in mean sea level between 
the ends of the channel then some constant must 
be added to the hydraulic pressure difference to 
obtain hydraulic head. ~quation 1 becomes : 

ulu l = k6p + c ••• 2 

where k is the constant of proportionality 
6p is the difference in total pressure 
c is some (smal l) constant 

The difference i n atmospheric pressure 
between the two pressure gauge sites is usually 
negligible, so that when the total pressure dif ­
ferences is ca l cu lated we are l eft with a result 
which is proportional to the hydrau l ic head. 
However, if the atmospher i c pressure difference 
was significant , it would drive the current in 
the same manner as does the hydraulic head and 
the use of the total pressure difference in 
Equati on 2 is still correct. The constant c will 
be affected by net transport through the passas 
well as by any difference in mean sea level. 
Note that the form of Equation 2 is not changed 
if a friction t erm proportional to the square of 
the velocity i s introduced. 

Results of the Preliminary Calibrations 

In January 1978 current observations 
were taken at Active and Porlier Passes and Dodd 
Narrows over the peri od of a week. The pressure 
gauges , which had been i nstalled in mid- December 
1977 , were serviced i n early February to verify 
their operati on before l eaving them in for six 
months and to recover the data for this pre­
liminary assessment of t he method. The current 
ve l ocity squared (positive taken for f l ood, neg­
ative for ebb ) was plotted against the pressure 
di fferential to discover how well the measure­
ment s obeyed Equation 2. When i nterpreting 
these plots it should be remembered that the 
absolute error in the square of the ve l ocity in­
creases with magnitude and that one mi llibar of 
pressure is approximate l y equal to that due to 
one centimeter of sea water. 
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It is seen in Figure 3 that for Dodd 
Narrows the relationship between current and 
pressure differential is very well defined by 
Equation 2. It might be expected that the const­
ant k would be different for t he two directions 
of flow, depending on the form the flow takes in 
each direction . This appears not to be the 
case at Dodd Narrows and may be due to the sim­
p licity of the channel. One would expect i nert­
ial effects to be re l ati vely unimportant as the 
vo lume of water involved is quite small--the 
channe l is appr oximately 50 metres wi de between 
the 2 . 5 fathom contours and quite short at the 
narrowest part--although as the pressure differ­
ence becomes small and s l ack water is approached , 
the inertial effects will predominate, i f only 
for a short time. As the current measurements 
were taken ever y 15 minutes and their progression 
corresponded well with that of the pressure diff­
erences, the error in the time of slack water 
introduced by determining the currents indirect l y 
from the p r es sure diff er ence might be estimated 
to be of the order of ten minutes. More measure­
ments are certainly necessary to confirm these 
results, for there are only five hours of current 
measurements defining the re l ationship. It is 
expected that observations for several tidal 
cycl es will be suffic i ent to confirm the results. 

The results for Porlier Pass are shown 
in Figure 4 . The mai n channel i s approximately 
1 km l ong and 300 metres wide between the 2.5 
fathom contours a lthough the wi dth is nearly 700 
metres if the shoal areas are included . Vortex 
shedding from the many shoal s causes the flow to 
be mostly turbulent. The plot of pressure 
differentia l ver sus the square of the velocity 
s hows that Equation 2 i s no l onger suffici ent to 
explain the results. The ef f ect of inertia due 
to the large mass of water involved necessitates 
the addition to Equati on 2 of an acceleration 
term proportional to the first derivative of the 
velocity with respect to time. The plot of the 
observations is separated into two branches by 
this term, the l ower corresponding to the positive 
der i vative and the upper corresponding to t he 
negati ve der i vative. Not onl y is the acce l erati on 
term i mportant , but there is a distinct change in 
the s l ope of the relationship when the pressure 
differential is l ess than -14 mb. Thi s may be 
attributed to the onset of some additional mech­
anism of energy dissi pation, perhaps the onset 
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of critical flow. It should be noted that this 
only occurs on the ebb , but whether this is 
caused by the effective shape of the channel in 
that direction or the lower water levels at that 
stage or some cornbination of both is unknown as 
yet. In addition to this sudden change in slope, 
it is possible that some form of variation in the 
friction term with water level can be identified 
when more data becomes available . 

The mass of water involved in the flow 
at Active Pass is considerably larger than at 
Perlier Pass and one would expect the acceler­
ation terrn to be correspondingly more important . 
As may be seen in Figure 5, the channel is approx­
imately 4 km. long with two narrow parts of 
approximately 400 metres width at each end, conn­
ected by a body of water having a mean width of 
roughly 1 km. The plot of the observations 
reveals the strong effect of the acceleration 
term. It is unfortunate that observations were 
not made from flood through to ebb so that a more 
complete assessment could be made of the feasibil­
ity of the method at this location. However, the 
measurements we do have are quite consistent and 
give every indication that a suitable empirical 
relationship can be established; further comment 
would be premature. 

Pl ans for Further Measurements 

This surnrner, when we expect conditions 
will be pleasant, more current measurements will 
be made in the Gulf Island Passes to properly 
define the empirical models of current versus 
pressure differential. In Active and Perlier 
Passes, where the importance of the acce l eration 
term makes the deterrnination of the models more 
complex, current measurements will be taken for 
several weeks. The pressure gauges are to be 
serviced after these current measurements have 
been made in order to obtain the data to make the 
final deterrnination of the empirical models, or 
to deterrnine that more current measurements are 
necessary. The pressure gauges will remain in 
position until January 1979 to provide data for 
an entire year. 

There are many locations on the Pacifie 
Coast where strong currents are generated in 
narrow passes or entrances due to a difference in 
water levels. Prediction of these currents is 
often limited to the time of slack water with 
respect to a tidal station and may be inadequate 
and/or unreliable. This method of calculating 
currents from the hydraulic head is an effective 
way of obtaining the data necessary to provide 
accurate current predictions in many of these 
locations as well as providing valuable water 
level information when an additional pressure 
gauge is installed as a barometer and the necess­
ary bench marks are established. It is expected 
that measurements will be undertaken using this 
method at several of these locations in the near 
future. 

Conclusion 

The calculation of currents in narrow 
passes from hydraulic head measurements obtained 
by in situ pressure gauges is an effective way of 
obtaining enough current data to make reliable 

current predictions. While some care must be 
taken in the employrnent of the method- -in the 
decision of whether or not the method is suitable 
at a given site--the relatively l ow cost of mount­
ing such a prograrn of measurement and the low 
risk of equipment loss makes the employment of 
this method quite attractive. 
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Cook and the Crumpled Echogram 
C. MAG EAU 
C. H. S. 0 11awa 

ABSTRACT 

Although navigation and surveying 
techniques have been refined since the eighteenth 
century , two aspects of contemporary surveys have 
undergone Little change: 1) the storage of 
documents collected at sea has not kept pace 
with technical developments; and, 2) hydrographie 
cruises are only slowly returning to the 
multi - disciplinary mentality which existed in 
ear lier times . 

Echograms and seismic records are 
essential tools in the interpretation of 
bathymetric data and the production of bathymetric 
and morphologie maps . Negligence in their care 
and preservation results in their deterioration 
and/or loss . It is proposed that these documents 
be copied onto 35 mm microfilm and the original 
documents granted archival status . The cost of 
this operation is minimal when compared to cruise 
costs . 

Pre - season briefings, a greater 
participation by scientists in cruises and an 
extension of the rotation systems for the 
hydrographer to include a familiarization period 
with the production of bathymetric and morphologie 
maps is suggested . This would result in a greater 
scientific r0turn and closer co-operation between 
scientists and hydrographers . 

INTRODUCTION 

The early explorers set out, no t to 
unr avel the mysteries of nature but rather to 
find the r iches of the world and claim them for 
t heir sovereigns. Their successes were measured 
more in terms of treasure- laden galleons and 
exotic spices than in scientific revelations. 

In August of 1768, James Cook set sail 
on H. M. Bark Endeavour on what was to be one of 
the first scientific voyages of the eigh t eenth 
century. The development of the reflecting 

quadrant , the sextant, the astronomical quadrant , 
azimuth compass , theodolite and chronome t er 
pr ovided the eighteenth cen t ur y explo r er with 
t he tools req uired to conduct accurate coastal 
surveys. These advances mar ked the beginning of 
a new era in hydrography and an age of i ntense 
activity in sea - borne commerce and , unfor t unately , 
warfare . 

Although Captain Cook's voyages have 
often been cited as examples of fine hyd r ogr aphie 
surveying they were also seminal in that his 
goals were not simply to survey the ocean. Much 
emphasis was placed on the scientific pur suit 
of knowledge and both crew and officers were 
involved in this quest according to their 
interests and abilities . I t is speculated that 
this was one of the reasons the crew enlisted 
time and again in spite of t he perilous nature 
of these voyages . In this respect, eigh t een t h 
century cruises were fo r e- runners of t he la t er 
natur alist cru ises of t he Chal lenger , Me t eor , 
Discovery and Galathea. 

Precise instrumentation and specialized 
techniques in chart cons tr uc t ion were developed 
as the art of navigation and ma r ine surveying 
evolyed. One of the most i mportant instr uments 
in marine surveying , the echo- sounder , was 
developed early in the twentieth century . 
Whereas previous surveys had , for the most part , 
restricted themselves to t he potentially 
dangerous coastal waters , offshore charting 
became possib l e with the advent of this new 
instrument . Over the years , t he con t i nuous use 
of the echo- sounder r esulted i n the acc umula t ion 
of much topogr aphical informa t ion about t he sea 
floor. This i ncrease in t he knowledge of the 
configuration of the ocean f l oor lead to the 
development of the bathymetric map which is 
different from the hydrogr aphie chart. The 
bathyme tric map seeks to represent the actual 
shape of the ocean floor as closely as possible , 
while the hyd r ographie cha r t instruc t s t he 
mariner as to the dangers to surface navigation, 
particular ly within coastal waters. To cons t ruct 
hydrographie char ts, the shallowest dep ths 
recorded on the echogr am a r e emphasized t o stress 
t he naviga t io nal hazards. Ba t hymet r ic maps , 
however , are based on the t o t a l ity of the data 
recorded on the echogram and seek to inter pret 
t hese values based on an under s t anding of 
geological processes which mould the topography 
of the ocean . Professeur Vanney (1976) surnmarizes 
this concept in his recen t book stating : 

' La car te bathymétr ique est la 
traduction explicative des sondages 
et diffère selon les au t eurs;elle 
constitute déja le prime jalon de 
l ' inter prétation mor phologique ' . 

In this respect , a bathymet r ic map is analogous 
to a scientif i c paper , the scientific da t a and 
its interpr etation pr esented pictorially rather 
than by the wr itten wor d . 



DISCUSSION 

1. Data Inter pretation 

As our knowledge of th e phys iography 
of the ocean floor has increased, so has th e 
realiza tion of the complexi ty of the forces 
which have moulded it and of the pr ocesses 
wh i ch modify its profile. Oceanographers , 
fishermen, marine geologists, engineers and 
legists need pa r ticular knowledge of the 
composition , structure and morphology of th e 
ocean floor and the processes which affect it. 
The development of thes e different disciplines 
in the marine sciences , their specific requir e­
ments and the limitations of th e contoured 
ba thymetric maps hav e resulted in the devel opment 
of several other methods of portraying the ocean 
floo r . Heezen and Tharpe (1959) ex trapolated 
from bathymetric con tours and echograms t o draw 
their physiographic diagrams of th e sea f loor 
(Fig . 1), while Baillot (1963) us ed sequences 
of bottom profiles (Fig. 2) and Monahan (1971) 
pr esented an oblique view of con t ours to 
illustrate the sea floor (Fig. 3). 

Block diagrams, co lour-coded 
bathymetric maps and sounding sheets are three 
of the most ex tensivel y used means of r e pres enting 
the s ea floo r. To comp l emen t the use of 
colour-coded bathyme tric maps , th e Geoscience 
Mapping Unit of the Canadian Hydrographie Service 
(C.H.S.) also employs medium scale morpho l ogy 
maps (Monahan and MacNab 1974) . These maps 
combine the physical outline of features, their 
spatial distribution and permit identifica t ion of 
feat ur es too small to be r ef lected by the contours . 

The t ypical procedure to gener a te a 
bathymetry/morphology map follows. The profil e 
of t he ocean bottom as actually measured by th e 
echo- sounder and displayed on the echogram is 
examined prior to contouring th e data poin t s 
numerically repr esent ed on the field sheets . In 
areas where the sea floor exhibits high relief, 
the echograms a r e transf e rred in their en tire t y 
on t o a c lear pl astic overlay (Fig . 4) . 

Figur e 1: Physiographic diagr am of sea floor 
after Heezen and Tha r pe . 

Figure 2 : Sequence of bottom profiles. 
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Figure 3 : Three dimensional r epr esentation of 
s ubmarine r elief . 

., 

Figure 4: Trace of bo tt om profiles a long the 
s hips tracks. 
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The echograms are adjusted for 

distortions induced by changes in ship speed, 
paper speed and phase changes to yield the true 
shape of the ocean floor. In areas where there 
are only occasional irregularities on the sea 
floor, bottom categories are established and 
colour- coded and individual features such as 
ridges, valleys and block faults are indicated . 
The r elative intensity and the frequency of the 
occurrence of certain features and general bottom 
conditions a re noted in order t o establish the 
morphologica l ca tegories on which the provinces 
will be based . As each echogram is examined, 
interpretations of the individual fea tures are 
made, regarding their mode of formation and their 
r el ationship to the geological history of the 
area . Adjoining echogr ams are compared to trace 
the progression of individual features, such as 
the lateral extent of a ridge, to determine if it 
bifurcates, broadens into a plateau or slowly 
slopes to the ocean floor . Continuous seismic 
prof iles , side scan sonar, gravity and magnetic 
data, as well as additional information obtained 
from the geo logical literature are used to assis t 
in the interpretation of the echograms . The 
location of suspected faults, trends of features, 
the composition of bo ttom samples collec t ed by 
the hydrographers and sedimentological data 
inferred from the echograms (King 1966) and 
seismic lines (Stoll 1977) are plotted on the 
overlay (Fig. 5) . 

Figure 5 : Plot of bottom profiles, location of 
CSP lines, key r eferences , suspected 
fault traces .. . 

The first step in the production of 
morphology and bathymetry maps, therefore, consists 
in pr oducing a working copy on which the locations 
of features, changes in slope and pertinent 
geological information are indicated . Areas 
exhibiting similar morphology are outlined , 
l a belled and described according to their dominant 
char acters . Th e relief provinces of the final 
morphology map are defined by these areas (Fig. 6) . 

r 

Figure 6: Outline of morphological provinces, 
categories and dominant features . 

The numerically coded provinces, the 
trend of features, variations in valley shap es , 
angularity of el evat i ons and degree of 
continuity of slope are depicted on the 
morphology map by the use of appropr iate 
symbols (Fig . 7). 

Figure 7 : Enlargement of morphology map, 
symbols r epresen t ing peaks, ridges , 
steps, breaks in slope . Numbers 
indicate morphological provinces . 

The field sheet and the overlay are 
then superimposed and the field sheet contoured. 
These contours, however, a r e based not only on 
the numerical values as selected on board ship, 
but also on the geo logical and geomorphological 
information derived from the echogram analysis . 
By outlining trends of valleys and ridges, and 
complementing th e ba thymet ric data with 
i nf ormation obtained from dif feren t sources, 
additional information is extracted from the 
depth values. It is obvio us that examinat ion of 
the echograms becomes more important as the 
distance between sounding lines incr eases. 
Figures 8, 9, 10, depict the configuration of 
th e preliminary contours based only on t he 
numerical values . Sorne of the features outlined 



Figure 8: Contours based on fi eld sheet data 
only. 

Figure 9: Disagreement between numerically 
generated contours and features, 
tr ends , delineated by th e echograms. 

Figure 10: Geologically unrealistic contours 
based on field sheet data only . 
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Figure 11: Contours interpreted from echograms, 
seismic and geological data 
(correc t ed contours of Figure 8) . 

Figure 12: Configuration and trend of valleys 
and ridges in t erpreted from echograms, 
seismic r ecords and geolog i cal data 
(correc ted con tours of Figure 9) 

Figure 13: Interpretation of contours be tween 
soundings and sounding lines 
(correc t ed contours of Figure 10) . 
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by the echograms are super imposed on the con t our s 
(Fi g. 9 & 10). It can be s een that the trend 
of some of the valleys and ridges d iffe r somewha t 
from the trend ou tlined by the numericall y based 
contours . Furthermore, by considering th e 
gener al trend of the topography , it is possible 
to modify the contou rs that fall between 
soundings and sounding lines t o present a mor e 
realistic solut ion . Figur es 11, 12, & 13 
illust r ate the corr ec t ed contours and demonstrate 
the importance of t he infor mation not normally 
includ ed in the data set r ecor ded on the field 
sheet but r evealed by the echogr am . 

RECOMMENDATIONS 

1. Archival I mportance of Echograms: 

The int er preter is greatly dependent of 
the quality of annotation and physical state of 
the echogr ams . In the view of the interpr e t er , 
the ideal echogram consis ts of a clearly and 
consist en tly annotated profile that indicates the 
times , dates, changes in ship speed, changes in 
paper speed, changes in phases , ships course, 
sea state and r easons for unusual a rtifac ts on 
th e records. These details are necessar y to 
accurately posi tion the echogram, correc t fo r 
distortions and enable a more r ea l istic 
int erpreta tion of the data . Omission to annotate 
changes in the operation of the echo- sounder may 
l ead to errors. For example , adjusting of the 
gain to give a strong first arrival wil l prevent 
subsurface geomor phological information from 
being r ecord ed digitally or on the echogram. 
This will give rise t o imcompl e t e information as 
to the nature of the bottom and per haps cause an 
er r oneous interpretation . 

Similar car e must be exercised when 
drafting the boat-boards, for it is essen t ial that 
the morphological symbols derived from the 
analysis of the echogram, be properly positioned 
to supplement informa t ion given by the soundings. 
Colour-coding of days on the boat-board should 
be consis t en t throughout the survey area and the 
fixes should be labelled with indelible markers. 
Annotations of the boat- boards must include th e 
location of the beginning and ending of sounding 
lines and co- ordination of reference marks 
between field sheets and boat- boards as well as 
between adjoining boat-boards. All of these 
criteria a r e outlined in field manuals for 
hydrographers, but it would seem that with the 
advent of automated systems of data coll ection , 
pl otting , stor age and (God forbid!) interpre tation, 
that t hese time consuming and laborious tasks 
might appear less important. There is a danger 
of relying too heavily on the computer gener ated 
records. In the eventuality of a computer 
malfunction discove r ed after a cruise, the 
hydrographer should be able to correct the 
dis c r epancies by r eferring to well annotated 
echograms. If th e echog r ams have not been well 
annotated during the fie ld season, the losses 
incurred in terms of finance and manpower are 
considerable . 

Given the important rol e played by 
echogr ams in t he production of bathymetric and 
morpho logi e maps and the fact that these 
echograms cons t itute the only tangible pr oduct 
of a hydrographie cr uise , why then are they not 
trea ted wi t h proper and du e care? In spite of 
the archival i mportance of echogr ams, the 
monetary cost (i . e . tax dol l a r s) and human costs 
(i . e . loss of interna l equilibrium), these 
records are of t en consider ed a nuisance by t he 
institutions who store them . Crumpled, dried 
out, rolled and unrolled, sent hither and yon, 
the echograms deterior ate to a point wher e they 
are illegible (Fig. 14) . 

Figure 14: Echogr ams co l lected in 1975 - br;_ttle , 
water stained and torn. 

The proposal whi ch follows represents 
the first step in the move to pr eserve these 
documents . Sever al scientific insti tutions in 
the Unit ed States and Canada have undertaken to 
systematically transfer t hei r seismic records 
and echogr ams onto continuous reels of 35 mm 
microfilm . These r eels can be examined by use 
of a mic rofilm reader which displays the 
information on a screen and from which photocopies 
of the documents can be ob t a ined. This 
microfilming me thod would present advantages in 
storing , hand l ing and shipping of the echograms . 
It would also r esult in an increas e in the ease of 
retrieval and reproduc tion which might in itself 
broaden the distribution of the se echograms and 
hence increase the value of t he survey . For 
archiving purposes it might also prove wise to 
pre s e r ve boat-boards and field sheets in negative 
form or inc lude them on th e microfilm as some 
institutions have done. These improvements in 
th e storage methods can be justified if the 
prospective users of these documents are 
considered: marine geologis ts, who produce 
bathyme tric, morphologi e and sediment distribution 
maps; ple i stocene geologists concerned with 
gl acial deposits: petroleum companies i nv olved in 
drilling and dredging ope rations; economic 
geo logists looking for mineral deposits; marin e 
engine ers: fisherm en and l egists. 



Custodians of microfilmed r ecords hav e 
commented that for a time , us ers of thes e 
documents a r e r e ticen t to adopt th e new data 
format. This is only a question of habit . The 
abil ity to photocopy r e l evant portions and ta 
rapidly scan t hrough the r eco rds surely outweighs 
the drawbacks caused by t he unusual display. The 
quality of th e microfi lm r ep roduction does not 
presen t a problem and t he echograms can be viewed 
at several magnifications by simply r ep lacing th e 
obj ec tive lens of the r eader-printer . It is 
proposed t ha t the original documents be placed 
in a r chival storage and made available on an open 
file basis only. 

The prac tice of sending perishable 
original documents halfway across the country could 
be costly, ba th financially and in terms of human 
effor t. Considering only the cost of operating 
a shi p and an average cos t of $7 , 000 per day fo r 
th e Parizeau, it cost the government mor e than 
$550 , 000 t a comple t e the 79 days of ba thymetry 
collected during the 1975 summer field season 
off the West Coast of Canada (Lusk 197 5) . Now 
consider the cos t of microfilming the material 
collected during this hydrographie sur vey . 
Thr ee and one half reels of 35 mm film , each 
100 f ee t in length would be required to reproduce 
the more t han 37, 000 kilometers surveyed . This 
process can cos t as little as $60 , if t he 
ec hogram is photographed as a continuous strip 
by us e of a flow camera, or as muchas $1,000 
if the echogram is photographed in over l apping 
sections (Appendix 1) . This r epresents a s 
little as one hundredth of one per cen t of the 
cruise cos t, or in the latter case , less than . 2% 
of the cruise cos t! 

Considering the period of time that will 
likely elapse before t his offshore ar ea i s 
r esurveyed and considering the cost of resurveying 
the area becaus e the computer tapes have been 
accidently er ased and t he echog r ams have deterio­
rated or are lost , it is not wise to try and 
pr eserve these data in a becter fashion? 

When r eading accounts of Cap t ain Cook's 
voyages it is difficult not t o admire his 
me ticulous nature and the accur acy and the care 
he gave his work . Would he have treated precious 
echogr ams with such disrespect and relegated them 
to some dark and damp section of the hull? 
lfould we hold this man up as a symbol of an accom­
plished explor er and hydr ographer if he had a llowed 
echogr ams , boat-boards and seismic records ta 
c rumbl e into oblivion? 

2 . Multi- disciplinary Surveys: 

As meptioned ear lier, it was t he quest 
fo r knowledge of the sea whi ch inspired his 
c r ew and himsel f ta roam the seas. Artifacts, 
sketches and observa t ions on the culture and 
char acter of the people and their lands wer e 
valued as highly as the charts of the waters 
which bound them. Only r ecently has this concept 
returned ta our ships in the form of multi­
disciplinary surveys. One aspect , however, is 
st ill missing ta make our identification with the 
pas t complet e, t hat is t otal co-operation t oward 
achieving the same goal . Unfortunately, all tao 
of t en scientis t s descend upon a ship like a 
dreaded disease and are considered, and perhaps, 
behave as an int erfer ence . In spite of many 
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seasons of co- op er a tion, some fi e ld hydrographers 
and crew do not r eally und erstand why anyone 
could be inter ested in echogr ams , or car e ta 
know the nature of th e sediments beyond the mud , 
sand and grave l ca t egor y . Could there not be an 
effort made ta stimulate the curiosity of chose 
on board to unders tand the full importance of 
the data they have collec t ed? Perhaps by 
giving t hem the satisfac tion of seeing the final 
produc t a nd explaining its us es , t hose r esponsible 
for the collec t ion of the raw dat a would have the 
tools, experience , and knowl edge t o fully 
understand the importance of tha t which they a r e 
monitoring . 

As a r esult of the need ta acquire and 
pr ocess incr eas ingly larger amounts of data, 
the r e has developed a necessary division of 
labour which has con tr ibuted to the deterioration 
of the co-oper a tive effort characteristi c of the 
eighteenth century cruises . Since he is 
r esponsible fo r the supervision of many 
discip l ines which cons t itute a hydrographie 
s urvey, the hydrographer-in-cha r ge needs to keep 
abreast of al l t he advances in these disciplines. 
Several year s aga, at the 12 th Hydrographie 
Conf e r ence , Crowther e t al. (197 3) sugges t ed the 
ex t ension of the rotation progr amme for 
hydrographers ta include par t icipation in Chart 
Pr oduction . Recent l y , Pelle ti er (1977) 
und erlined the need for instruction of 
hydrographers in the field of marine geology . 
Why not combi ne these proposals and encourage 
hydrographers ta spend some time familiarizing 
themselves wi th the interpret a t ion of 
bathymetric and morphologie maps during their 
rotation periods ? This could be done by a 
prolonged visi t or training period with the 
Geoscience Mapping unit . 

A more realistic proposition and one 
which may seem more acceptable ta mos t 
hydrographers, is ta encourage the involvement of 
scientists who gain by the col l ection of 
ba thymetry , in bath cruise preparation and 
participation . This closer co - operation between 
marine scientis ts and hydrographers would r esult 
in a gr eater scientific return bath from the 
hydrographie and geologic po int of view . Finally, 
may I sugges t that t here be a pre- season briefing, 
outl ining the general geology and oceanogr aphy of 
the survey a r ea , the problematic areas , the 
questions ta be answered and the type of 
information required to answer these queries. An 
und ers t anding of the geological problems of the 
survey area would enable the hydrographer to 
establish the location and orientation of the 
sounding grid and ta select a bottom sampling 
interval ta help resolve some of these questions . 
This could only result in a gr eater return of 
geo logically valuab l e data in addition ta 
obtaining the required hydrographie data. It 
would also r epresent a financial saving by 
e liminating the ne~essity to r eturn to this a rea . 

Furthermore, close co- oper ation between 
these related disciplines might initiate the 
r etur n of that spirit of adventure and quest for 
knowl edge which prevailed in Captain Cook ' s days , 
for it is s t ated in the hyd r ogr apher ' s bible, 
The Admiralty Manual of Hyd rographie Surveying : 

' The Surveyor should endeavour to collect 
any information likely to be of va lue ta 
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the advancement of scientific knowledge 
gener a lly ; e.g . a r ecord of 
metereological conditions in the survey 
a r ea, a ll types of oceanographical 
observa t ions ..... He also has unique 
opportunities of studying and collecting 
fish, bir ds , mammals and insec t s , and 
will always receive advice and 
encouragemen t from the various mus eums 
on the subjects .' 

Cook himself cons idered the tas k of 
marine surveying and exp l ora t ion as ins eparable: 
'The world will hardly admit of an excus e for a 
man leaving a coast unexplor ed he has once 
discover ' d' (Skelton 1954). 
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APPENDIX 1 

Case study : Parizeau cruise, April to 
0ctobe r 197 5 . 

1. days of bathyme try collec tion assumed 
to be 79 

2 . tota l of 37,128 km of sounding l i nes 
or 469 km per day 

3. cos t of ship time $7 ,000 /day , 
Cruise cost = $553 ,000 

Microfilming r educt ion of echograms collec t ed 
during this survey : 

- echogram r ecord ed at a paper speed of 
3 ft . / hr. wil l accumula t e 72 ft. of 
r ecord / day 

- 1 day is r ep r esented by 4. 5 f t . of 35 mm 
film 

th er efor e 4 . 5 ft . of film = 72 ft. of echogram 
= 469 km and 1 r eel of microfilm holds 100 ft. 
nf film, wh i ch repr es ents 22 days of bathyrne try . 
Therefore, approximately 3½ r eel s of 35 mm 
microfilm would be r equir ed to store the entire 
ba thymet r ic data fo r this cruise. 

Cost: 

a) ec hogr am record ed as one continuous strip 
on 35 mm fi lm 

- material and handling costs for 1 r eel 
r a nge from $14.50 to $20/100 ft. r eel 
which r epres en ts an expenditure of 
$50 to $70 for the en tire cruise or 
1/100 of 1% of the tot a l cruise cos t . 

b) echogr am r eco rd ed in overlapping sections 
3 ft. in l ength on 35 mm film 

- r ed uc tion fr om 3 ft. section t o 
1 frame l ½ x 1~ 

cost of 1 frame varies from . 35ç to .45ç 

- 1 day = 4.5 ft . of film= approximately 
30 fr ames 

- 79 days of bathymetry = 2,347 frames at 
a cos t of .35ç = $821 

.45ç = $1,056 

Cost of microfilming the bathyme tric 
data r epresents .2% of the t o t al 
c ruis e cost . 
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ABSTRACT 

The National Ocean Survey ( NOS ) recent ­
ly instituted a Chart Evalua t ion Survey (CES) 
program designed to expeditiously provide hydro­
graphie da t a in response t o a recognized need for 
t i mely maintenance of published charts . This 
survey program is designed to address several 
primary ar eas of concern. Ch ief among these con­
cerns are t he investiga t ion of all discrepan cies 
which result from the necessar y chart ing of re ­
ported data pri o r to field ver ification an d the 
resolution of deficienci es repor t ed o r d i scovered 
subsequent t o t he most recent chart prod uc t ion . 
Fi eld units a s signed to the program also evaluate 
the adequacy of e xisting hydr ographie information 
charted by empl oying a sys t em of reconnaissance 
sounding lines and actively pursue the verifi ca ­
t i on or revision of the information publ ished in 
the appropria t e Coast Pilot. Finally , a public 
relations effor t is emphasized t o inform t he 
boating communi ty and other nautical da t a users 
of the product s and services of the Nation a l 
Ocean Survey an d to obtain from them feedback per­
tinent to impr oving these products and ser vices . 
Expanding use of the CES progr am provides the 
National Ocean Survey with flexibility i n survey 
operations necessary to satisfy chart require­
men ts in an e x peditious manner within time con ­
s t raints manda t ed by the cyclic chart printing 
schedule wi t hou t being restri cted to the r elative­
ly slow and e x pensive procedures of complet e hy ­
d r ographie sur veys . I n t hose areas discover ed to 
be inadequa t e l y chart ed or in need of e xtensive 
updating h ydr ography , t h i s pr ogram serves t he ad­
d itional p urpos e of documenting deficien cies and 
j us t ifying a basic sur vey effort. 

INTRODUCTION 

Although the Chart Evaluation Survey 
program involves recently adopted terminol ogy and 
documentation by the Nat ional Ocean Survey, many 
of its major concepts have been previous ly empl oy­
ed in other programs. These programs--Chart 
Revisory Surveys, Chart Defic i ency Surveys, and 
Chart Adequacy Surveys--had evo l ved through the 
years and were the basis of the CES. 

As ear ly as 1937, the Lake Survey Dis­
trict of the U.S. Army Corps of Engineers employed 
a Chart Revisory Survey program to update the 
Un i ted States charts of the Great Lakes and their 
major tributary waterways. A trienn i al investiga­
tive survey coverage program ass ured contemporary 
coverage and chart mai ntena nce of these waters. 
This program cont in ued after respons i bi lity for 
Great Lakes cha rt in g was transferred to the 
National Oceanic and Atmospheric Admini stration 

in October 1970 . Key aspects of the revi sory sur­
vey program included recon nai ssance sound ings in 
the approaches to each harbour, along the i mpor­
tant waterfront areas , and in al l other water 
areas privately maintained for commercia l and rec­
reational boatin g; verification of promi nent land­
marks and aids to navigation; surveys to include 
both natural and manmade changes to the nearshore 
or waterfront topography; and the updat ing of the 
Great Lakes Pilot. 

The Nati ona l Ocean Survey has identified 
and inves ti gated spec i fic items for many years. 
These "items of opportunity " were kept in active 
fil es at the Marine Centres and assigned to ves­
se l s operating near a particu l ar item. Frequentl y 
these items would be maintained in files for years 
await i ng as s ignment . In more recent years, a mo­
bil e fie ld party has been assigned full time to 
the investigation and resol ut i on of these "defi­
ci ency items ." Chart Defi ci ency Surveys th us were 
oriented towards the i nvestigation and resolution 
of items of recognized concern. 

Having a somewhat different pu rpose, NOS 
ini tiated a Chart Adequacy Survey program in 1973 . 
For the first time, a major hydrographie vessel 
was as s igned to a proj ect specifi cal ly dedicated 
to inves tigate t he adequacy of existing charts. 
Sh i p ti me was al l ocated and a specific area of in­
vestigation was defined for these projects. Thi s 
program included the more important aspects of the 
chart revisory and chart def i ciency prog rams; how­
ever, the additional manpower involved enabled the 
survey to caver a much l arger chart i ng area with a 
corresponding ly greater pub li c awa r eness of and 
participation in the effort. 

The similar i ties of these three programs 
made it apparent that a s ingl e, al l-encompassing 
program would be des i rab l e and wou l d be eas i er to 
admin i strate. This resu lted in the Chart Evalua­
tion Survey program being developed i n the spring 
of 1978. This program retains the flexibility of 
its predecessors by utilizing al l or any part of 
the basic objectives. Perhaps the most important 
aspect of the CES, however , i s the comprehensive 
outline of desired reporting procedures . 

There are t hree factors that ha ve been 
positively eff ected by the evolution of the CES. 
Although the total requests for surveys and the 
acknowl edged defi cient areas have not changed ap­
preciably, the portion of t he NOAA fleet dedicated 
so l ely to the hydrographie mission has di minished 
to six vesse l s and five field units. As recentl y 
as 1971, the hydrographie fleet consisted of ni ne 
ships and three field un its . To he lp cape with 
this decline in avai l ab l e units, it has been de­
termined that some survey requests and many def i ­
cient areas can be addressed and brought to a 
contemporary status wi thout implementing a basic 
hydrographie effort. Considerab l e time and ex­
pense can be saved by us ing a CES program. The 
field unit moves i nto the cha rted area, resolves 
the identified problem items, invest igates the 
associated chart waters, and makes its recommen­
dations re l at i ve to the chart depict ion. If it 
recommends no further su rveying act ion and office 
in spection co nfi rms this recommendat ion, the ap­
propriate charting changes are made and no further 
surveying effort i s assigned. 



Diver Examination of a Located 
Hazard t o Navigation 

Reconnaissance hydrography is the pri­
mary basis for recommending either the acceptance 
of the chart as produced, for making minor revi­
sional changes to the chart, or for the ass i gn­
ment of a basic hydrograph i e survey effort i n the 
future. The density of reconnaissance sou ndings 
will vary depending on bottom characteristics, 
history of the area. known dynamic processes af­
fecting the area, and traffic density. Wh enever 
reconnaissance lines indicate a need for basic 
hydrography, immediate coordination is effected 
between the field and office to evaluate t hi s in­
dication of need. The extent of the need, whether 
the need should or can be addressed immediately or 
whether it must be assigned to a future hydro­
graphie survey of the area, is determined. 
Changes to the original instructions are pr ovided 
as necessary to the CES field unit shou ld addi­
tional basic survey efforts be required in the in­
vestigated area prior to continuing the investiga­
tion of other assigned tasks. To minimize prob­
lems associated with comparing the reconnaissance 
soundings to the charted soundings, these surveys 
are surveyed at the sca le of the existing charts 
and are plotted as overlays. Although this dif­
fers from standard NOS practices, it enables rapid 
and direct field comparison. If it is apparent 
that additional development is necessary i n a par­
ticu l ar area, a larger scale survey can then be 
addressed. 

Within harbours, reconnai ssance is made 
along all active slips and pier faces to verify 
charted depths and contours. The orientation and 
density of the sounding lines are determined by 
thé general size of the vessels using the facili­
ties and the compl exity of the charted depiction. 
One sounding line i s always run along the approxi­
mate track of the keel of vessels approaching and 
mooring to the pier. Additional reconnaissance 
work is carried out in the remaining areas of the 
harbours concentrating on water areas outside the 
maintained channels. Tabulated channel depths are 
verif ied by runn ing existing ranges or confirming 
charted control li ng depths. 

The charted waterfront topography i s 
visually compared to the existing topography in 
sufficient detail to assure that the charts accu­
rate ly portray t he area . Cartographie factors 
such as scale of the chart must be given consider­
ation. When di screpancies are discovered which 
are within the field unit's capabilities, they are 
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resolved. Frequently U.S. Army Corps of Engi­
neers surveys, construction drawings, private 
surveys, and c ity or county maps are ut il i zed by 
the field unit to expedite their field operations. 
Of course, such documents must be confirmed by 
the field party to assure that they meet NOS sur­
veying or charting standards before they are used 
as a data source. If the discrepancies are be­
yond the scope of the unit, recommendations must 
sti ll be made for resolution, such as scheduling 
chart updating photography or more extensive sur­
veyi ng effort. 

Chart ed Wa t erfront Topography 
Compared to Existing Topography 

All charted landmarks or other fi xed 
aids to navigation are evaluated for existence, 
accuracy of position, and usefulness to naviga­
tion. Accompanying recommendations suggest the 
addition or de l etion of landmarks. During the 
course of the survey, floating aids to navigation 
are also checked for charted accuracy. At the 
same time, the appropriate Coast Pilotis evalu­
ated for the accuracy and completeness of the in­
formation describing the area of operations. Re­
visions or changes to the current edition of the 
Coast Pilot resulting from the CES efforts are 
submitted to NOS Headquarters in accordance with 
prescribed reporting standards. 

The field unit makes random checks 
throughout the survey area to verify the accuracy 
of the predicted tides or water levels which are 
available to the mariner. 

Every opportunity is taken to obtain 
user evaluations of the NOS products. This in­
cludes comments and suggestions concerning exist­
ing chart layout, scale, format, colour, availa­
bil ity, accuracy, etc. Users also may suggest 
new products for NOS to address or changes which 
may be applied to existing products. The evalu­
ations were originally addressed in a question­
naire which was distributed in a variety of meth­
ods; however, an extremely poor return rate dis­
couraged fhis format. Recent ly, person-to-person 
interviews with a wide range of the boating public 
has proven a far more effect ive method of gather­
ing input. 

The field unit also makes a concen­
trated effort to reach the public describing its 
particular current effort and the services and 
products of NOAA in general. The news media is 
encouraged to feature the unit in programs de­
scribing the NOS mission and the specific project 
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If, on the other hand, the field unit 
recommends that a basic survey is justifi ed and 
office review confirms this recommendation, a pri­
ority is assigned ta the project for future sur­
veying . The CES recommendations provide excellent 
justification for the project and identify spec­
ific difficulties which can be expected . 

Another pos itive effect of Chart Evalu­
ation Surveys is in the realm of pub li c coopera­
tion and relations. Since basic hydrographie 
operations are frequently conducted along open 
coastal areas and in relatively unpopulated re­
gions, much of the boating public has no contact 
with the work of NOS . Most of the CES work ta 
date has been in more congested harbours, water­
ways, and population centres; therefore, consider­
ab l e contact with the publ ic user has been 
possible with the associated benefits of user 
recommendations and publicity. 

PREPARATION 

Although the identification of a project 
area may occur years before the field work is ini­
tiated, actual preparation for the project usually 
commences approximately 6 months prior ta field 
operations. Far and away the most time-consuming 
portion of the preparation i s the selection and 
documentation of the deficiency items. Each chart 
ta be addressed by the field unit is researched by 
an office cartographer ~nd the source of each 
sounding and feature ascertained . Any soundings 
or charted features that are questionab l e in any 
way are identified for investigation. Included 
are wrecks, ruins, submerged obstructions, re­
ported shoalings, and charted channel depths. 
Files are checked for all pertinent background in­
formation which cons i sts of prior surveys, cooper­
ative charting l etters, Notices ta Mariners, Local 
Notices ta Mariners, private letters, etc. Charts 
are annotated ta identify all items needing in­
vestigation, the recommended method of investiga­
tion is stated in a cross-referenced description, 
and all appropriate background information is as •­
sembled for reference. When all background re­
search has been completed for a particular chart, 
it is not uncommon ta have as many as 40 separate 
items identified for specific investigation on a 
harbour chart and 10 items assigned a long a coast­
al chart. 

Nautical Chart Indicating 
It ems for Investi gation 

The charts are al so marked with recom­
mended vesse l tracks for reconnaissance purposes 
as required by the particular project. These 
tracks are generally positioned ta obta i n sound­
ings over noted bottom features and important 
channels with the rationale being that these 
areas would be more suscept i ble ta change; there­
fore, investigative soundings obtained along 
these tracks would be apt ta illustrate any pos­
sibl e bottom change. • 

During this preparation period and at 
l east 3 mon ths prior ta beginning field opera­
tions, spec ific project instructions are written 
by NOS Headquarters. The instructions caver spe­
cific objectives of the total Chart Evaluation 
Survey program which are applicable ta the par­
ticular project, amp l ifying appropriate sections 
as necessary. Anticipated special support needs 
are identified and references made ta unusual 
surveying or data processing techniques required. 
The instructions, compl ete with marked charts and 
supporting information, are then sent by ~ead­
quarters ta the field unit . 

It is freq uently advantageous ta the 
field party ta send an advance party ta the proj­
ect area, particularly if the project involves 
user evaluation or public relations work. These 
individuals can set up meetings and presentations 
and initiate the publicity effort . The inherent 
mobi lity of a CES field party often demands hori ­
zontal control over a broader area than required 
ta support conventiona l hyd rographie surveys. 
The advance party can al so respond ta this need. 

SURVEYING 

A Chart Evaluation Survey is usua ll y 
composed of several types of survey or data col­
lection operations . These operations are dis­
crepancy investigations, reconnaissance hydrog­
raphy,harbour reconnaissance, waterfront topog­
raphy verif i cation, landma rk verification, aids 
ta navigation verification, Coast Pilot inspec­
tion and update, tides/water levels observations, 
user eva lu ation, and public relations efforts. 
The speci fying of these operations is made in the 
project instructions and i s generally dependent 
on the area ta be investigated and the capabil­
ities of the field unit. 

Discrepancy investigations consist pri­
marily of those items wh i ch have been identified 
for examinati on by t he office reviewer prior ta 
the field work. However, the field unit is en­
couraged ta investigate additional questionable 
i tems uncovered during their own surveys or 
through contacts with local persans. Sorne of the 
items ca n be resolved by vi sual examination and 
others by standard hydrographie techniques. How ­
ever, a l arge number of the items require modi­
fied wire sweep or drag techniques with subse­
quent diver examinat i on ta assure abso lu te reso­
lution . It is hoped that the future wi l l see the 
use of side scan sonar ta help resolve questions 
on subsurface items inv·estigated by the CES . 



being addressed. Open houses are held whenever 
and wherever poss i ble. Perhaps most importa nt 
are meet i ngs with t he l oca l U.S . Army Co rps of 
Eng ineers , U.S . Coast Guard , U.S . Coast Guard 
Auxi li ary, U.S . Power Squadrons, sea grant marine 
advisors, port authorities, pi l ot's associations, 
and commercial fishing organizations. 

PROCESSING 

Because of the spec i al nature of th ese 
surveys and the need to reduce the time between 
field data acquis i tion and chart application, 
special modifications are made to the data proc­
essing routine established for conventiona l sur­
veys. Whereas norma l surveys un dergo met i cul ous 
ver ifi cation at ba th the NOS Marin e Centres and 
Headquarters, t he CES are shipped direct ly f rom 
the field unit to Headquarters. The fie ld unit 
therefore is responsible for processing al l revi­
sion data to a point where it can be app l ied di­
rectly to a cha r t with a mi nimum of additional 
data reduction or evaluation req ui red by Head ­
quarters personnel . Extreme ca re must be exer­
cised to assure that the pl ott ing of data on chart 
overlays or pl ott i ng sheets is done neat ly and 
accurately. All sounding data are reduced using 
appropriate vesse l corrections and correctors de ­
termi ned from predicted or real-time tides/water 
levels observat i ons. Many rev i s ions or comments 
concern i ng land and water features are made di ­
rect ly on chart copies empl oy i ng colour keyed 
notat ions. A conc i se yet comprehensive Descrip­
tive Report is included for each chart addressed 
so that the office cartographers can readi ly de­
termine and eva l uate the mer i ts of procedures em­
ployed by the f i el d hydrographer . It is par ticu­
larly important t hat the techniq ues employed in 
invest i gating discrepancy items be carefu l ly and 
comp l etely described. 

Upon receipt of the survey data i n NOS 
Headq uarters, the i nformation and recommendations 
are carefully rev i ewed at two di fferent l eve l s 
and the final comments and recommendations assim­
ilated. This f inalized product i s forwarded to 
the appropriate cartographers ~,ho apply the new 
i nformation to th e manuscript f rom which t he re­
vised chart wi ll be publ i shed. 
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SUMMARY 

The Nati onal Ocean Survey has accepted 
the Chart Eva luation Survey program as a val uab l e 
addit i on to i ts charting program. Whereas basic 
hydrographie surveys presently require an average 
elapsed time of ll months (the NOS goal is 12 
months) from the compl etion of data acqu i sition 
to t hei r avai l ab il ity for chart applicat i on, the 
CES surveys are ready for cha r t ing with in an av­
erage of 8 mo nths after data acq uisition . Fur­
thermore, it shoul d be recogn i zed that the spe­
cia l data from CES caver a much broader coastal 
area and are concentrated on items of more crit­
ica l i nterest to the mariner than convent ional 
surveys would norma ll y provide. For this reason, 
CES are becom i ng increas i ngly important to NOS as 
the Agency st ri ves to keep their charts as current 
as possible. 

The current rate of discrepancy item 
reso l ution is nearing 100 percent as opposed to 
only 60 percent as recently as 1976. A number of 
fac t ors have cont r ibuted to th i s increase in res ­
olu ti on rate. The i ncreasing familiarity among 
fie ld personnel of the unique surveying tec hniques 
and information reporting procedures coupled with 
closer coordination of operations between Head ­
quarters and the field unit has had a pos i tive in­
fluence on effectiveness. More judicious office 
selection of items for investigation has al so con­
tributed . It i s anticipated t hat further reso­
lution may resu l t from the recent publishi ng of 
definitive survey guidelines and reporting 
procedures. 

Fina l ly, the CES has served to resolve 
the possible need for more comprehensive surveys 
in many areas and to provide justification for 
more comprehens i ve surveys in the remaining areas. 
Info rmation thus derived increases the tota l ef­
fectiveness of the NOS hydrographie program and 
further assures the best use of the survey 
resou rces. 
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ABSTRACT 

The hydrographie results of a major 
Canadian Hydrographie Service and Atlantic Ceo­
science Centre multi-disciplinary survey using 
CSS BAFFIN off Sénégal and The Cambia are presen­
ted. 

A compil e d bathymetry map of the shelf 
and continental margin of Sénégal and The Cambia 
has been produced for the area from 11°N to 18°N 
and 15.5°W to 22.5°w. The continental shelf north 
of Dakar is relatively narrow and is highly in­
cised by active canyons that pass across the 
continental slope and rise to feed two channel 
systems that drain south to the Cambia Abyssal 
Plain. Immediately south of the Cayar Canyon, 
which has incised the shelf almost to the shore­
line, there appears to be a lack of active 
canyons, and there are only two canyons west and 
southwest of Dakar; both are probably inactive 
features that ceased to operate when the Cayar 
Canyon captured their sediment supply. The Cayar 
and Mauritania/Nouakchott Canyon systems flow into 
the Cayar and Mauritania deep-ocean channel 
systems respectively and both drain south onto the 
Cambia Abyssal Plain. 

Various Seamounts are mapped offshore. 
Slumping is mapped on the continental slope 
including the major Cayar Slide complex which has 
moved from north of Cayar Seamount and flowed 
west over 400 km to collide with the Bafoulabé 
Rise. The density and possibly the initiation of 
canyons along the shelf edge and slope is 
believed to be realted to the amount of slumping. 

Additional salt domes are mapped off the 
Casamance . Minor variations in depth on the shelf 
are caused by salt dome intrusion, exposed volcan­
ic rocks, sediment piled into ridges by longshore 
drift or wave conditions and by relict beaches. 
Aeolian-laid sediment deposition may be respons­
ible for flattening of the shelf and prograding 
of the shoreline just north of Sénégal off south­
ern Mauritania. 

I NTRODUCTI ON 

When th e Canad i en Int erna tional Develop­
ment Agency r equ es t ed t he Canadien Hydr ographie 
Ser vice (CHS) t o carry out a mult i - disc ipli na r y 
offsho r e sur vey off Sénéga l in 1976 the ini t ial 
response of CHS was t o s ugges t adequa t e pre­
cruise pl anning t i me and a deferr a l of the actual 
sur vey til l 197 7 . As i t turned ou t CHS in con­
j unc t ion wi t h the Atlantic Geoséience Centre 
(AGC) of Bedf ord Ins titute of Oceanography mobi ­
lized C. S . S . Ba f f i n on l e s s than a year's notice 
and carr ied ou t a sur vey fr om Ja nua r y t o Apr i l of 

1976 , beg inning and ending i n Ha l ifax with 3 po r t 
calls i n Dakar, Sénégal. 

CHS r an t he c rui se and hand led the on­
boa r d collect i on of bathymetric da t a us ing a 
Raytheon Deep Sea dep t h- d i git izer wi th a hul l­
moun t ed 12 Kh z transducer with a fu l l beam wi dth 
of 34 degrees ; positioning was pr ovided by a 
sa t elli t e navi gat i on system inter faced with a 
Lor an-C Accufix r ecei ver (Mar s ha ll, 1977). A 
chemica l oceanogr ap hi c sampl ing pr ogr am 
(Pockling t on, 1977 ) and a continuous bi rd and sea­
life obser va tion pr ogram (Br own , 19 77) along with 
oi l and surface t ows wer e i ntegra t ed wi th the 
prog r am . CHS a l so set up an offsho r e curr ent and 
t idal sta t ion (Mar sha l l, 1977) . 

The geophys i cal /geolog i cal progr am con­
s i sted of conti nuous meas ur ement s of t he earth' s 
t o t a l magne tic f i e l d and gravi t y fie ld. Shallow 
seismic da t a wer e obtained in t he second pha s e , 
us i ng a 40 eu. in . ai r gu n over t he slope and a 
Hun tec deep -towed boomer sys t em on t he shelf 
(Meagher e t al, 1977) . 

CHS was r esponsible f or pub l ication of 
the i nitial r esults of the c ru ise and und ertook 
t o have the bathymet r y of the a r ea compi l ed while 
A.G . C. undertook t he responsib ility of producing 
t he gravi t y , magnetic and seismic r eport. Fr om 
t he beginning , CHS was concerned t ha t th e 30km 
l i ne spacing (14 km on slope and shelf edge ) 
would no t provide suf f ic i ent da t a on a s l ope t ha t 
was i n al l prob ability d i sec t ed by a numb er of 
s helf-edge canyons; Caya r Canyon was a lready known 
t o t r aver se the who l e shelf and slope north o f 
Dakar (Die t z e t a l , 1968) . Dakar is the major 
port between the Gulf of Guinea and Mo r occo and 
it was well - known wi t hin CHS tha t a number of 
Amer ican cru i ses such as t he I.D. O. E. cru ises of 
Woods Hal e Oceanogr ap hic Ins titu tion, and those 
of Lamont-Doherty Geo l og i cal Obser va t or y as well 
as Br i tish and Wes t German cru i s es had ent er ed 
Dakar f or port ca l ls . I t was ther e f or e CHS 's con­
ce rn t o amplify Baffin ' s grid of eas t-west lines 
with wha t ever o t her da t a could be gained f r om the 
oceanographic communi t y. A contrac t was l e t t o 
Geomarine Assoc i a t es Ltd., of Ha li fax t o c ompi le 
the ba thyme try and wr i t e an inte r pr e t a tive r eport 
(Ruffman e t a l, 1977 ). Th e same fi r m had pr ovi­
ded technica l suppor t fo r th e c ru ise a nd a chie f 
geoscient is t fo r Phase I and l a t er Geomari ne 
Associa t es was a l so t o pr oduce t he geop hys i cs / 
geo l ogy r eport (Meagher e t a l, 19 77 ). 

No one r ea l ized how s uccessful the pro­
cess of assembling o t her da ta would be. This was 
only done fo r ba t hymet r y ; th e gr avi t y and magne t ic 
ma ps we r e construc t ed a l mos t ent i r el y f r om Baffin 
da t a with only mi nor i npu t f r om 2 o th er so urces . 
Baff in coll ec t ed abo ut 16000 km (8600 n. mi . ) o f 
ba t hymet r ic da t a i n the s ur vey a r ea on her r egular 
and systema tic patt ern of lin es. Geoma rine 
As soc i a t es was abl e t o assemble the digit i zed 
da t a of over 33 o t her vessels of a t l east 8 
na t ions th r ough th e co - oper a tion of a t l eas t 17 
agencies . Th i s pr ocess permitted appr oxima t ely 
a n additional 37000 km (19 , 950 n. mi. ) of r aw 
deep- ocean da ta t o be comp iled and i nt egr a t ed with 
Ba f f in' s da t a . 

The a s sembly pr ocess is no t s traight­
f orward. Ther e was no i nd ex ma p and no da ta 
centr e could pr ovid e s uch an index . Much of t he 



process depended upon personal knowledge of 
cruises and a series of phone calls and letters 
to draw out the data . In most cases the data were 
r eleased through a desire for interagency co­
operation or through the fellowship that exists 
in the scientîfic community; CHS's obligation in 
return was to produce a final map and circulate 
it . Cost to the CHS was limited to the cos t of 
compu t er printouts or in some cases duplication. 

The data assembly was not limited to 
gathering deep-ocean data . The French Hydrogra­
phie Service, the British Admiralty and two oil 
companies had done a large number of surveys on 
the Sénégal shelf itself and 65 nearshore field 
sheets were assembled (Fig. 1) . 

0 

Fig . 1 Index map of Senegal-Gambia area. Boxes 
are outlines of detailed surveys by other 
areas. 

No estimate has been made of the number of kilo­
metres of data in the nearshore sheets bu t we 
suspect that it represents a further 25-3500 km. 
In total it is estimated that over 125 documents 
beyond the basic seven field sheets of CHS were 
used in the compilation of the final map. In 
addition the data or interpre tation of 18 authors 
were incorporated from the open literature or from 
preprints of unpublished manuscripts. The CHS 
report concains a full listing of all the data 
sour ces, field sheets, authors and vessels 
(Ruffman et al, 1977). Suffice t o say here that 
we recognize and welcome the tremendous contribu­
tion of other hydrographers and researchers to our 
final map produced in the CHS report. 

With such a data base available before 
the cruise the question then must be asked , "had 
there been time available prior to the cr uise to 
do this data assembly and preliminary compilation 
would we have run the same cruise? " or perhaps 
"Would we have run it at all?" considering only 
the scientific questions. Of course the question 
is academic for the Sénégal cruise but is by no 
means academic when we next consider such a large 
expensive offshore venture. None of us would ever 
dream of running a field program in the Arctic 
without pulling our previous field sheets and 
judging the coverage, spacing and quality of data . 
For overseas projects one must be prepared to 
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launch a much wider search, spend longer a t it and 
deal with a myriad of scales, data in f~thoms or 
metres, measured at assumed velocities of 1463 or 
1500 m/s, with and without Matthews' Tables 
velocity corrections and with a variety of posi­
tioning systems ranging from sextant to sophisti­
ca ted systems such as Baffin . A full year should 
be allowed for this data assembly and preliminary 
compilation . 

In the case of the Sénégal survey a 
glance at Figure 1 and the final map will indicate 
where Baffin's track might have been altered . The 
shelf edge is disected by a tremendous number of 
canyons and few of the accurately fixed data run 
north-south a long the shelf edge to permit 
recovery of a lot of this detail. The confluence 
of the Mauritania, Nouakchott and Cayar Canyon 
systems is a very complicated area with subtle 
changes in depth that requires more detail. The 
possible reefal structures west of Cap Vert at 500 
m. still remain a puzzle as does the lower end of 
the Dakar Canyon and the exact density of seamountn 
along the 13°N fracture zone. 

One must hasten to add that in a multi­
disciplinary survey such as this other features 
must be added such as density of previous gravity, 
magnetic and seismic data. There are significant 
other geophysical data but by no means the same 
amount as seen in the bathymetry . However in the 
case of potential field measurements often one 
does not need the same density especially in the 
deep ocean in the magnetic quiet zone. The need 
for overall synoptic measurements of temperature, 
oil tows or bird observations might again alter 
the pattern of a c ruise; the point is that it is 
ex tr emely valuable to know the existing data base 
before a multi-d isciplinary cruise is planned . 

RELATIONSHIP OF BATHYMETRY TO GEOLOGY 

Seamounts 

As in all parts of the ocean, off 
Sénégal and The Gambia ther e is an intimate rela­
tionship between the shape of the bottom and the 
underlying geology . 
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The bathymetry profile AA- EE shown in Plate 1 
illustrates this problem . The small high on the 
bottom could be contour ed as simply a s mall circu-
lar " bump" on the bo t tom or might be a l inear fea­
ture with a number of or ientations . The interpre­
ter often will not have adjacent lines of data 
sufficiently close to resolve the question, nor 
will the hydrographer planning subsequent cruises 
desired to fill in areas or to delineate bottom 
fea tur es . Thus an understanding of t he under­
lying geology is of par amount impor t ance i n both 
cases and indeed it could be argued tha t in both 
cases the interpreter and hydrographer cannot 
really do their jobs properly unless they under­
stand the geology . 

In the example of Plate 1 the high may 
result from a number of sources ranging from an 
outcr op of a resistant bed, an outcrop of the top 
of a seamount, topogr aphy related to slumping, 
dr owned beaches, glacial moraines or reefs. 
Obviously the depth of water eliminates certain 
possibilities as does the feature's location . In 
thè absence of other information the above example 
is j udged to be a smal l vol canic ou t cr op of a 
solitary buried seamoun t . Plate 2 , a profil e 
across Bissau Seamount and Plate 3 , a profile 
over Senghor Seamount illustrate two other sea­
mounts in various stages of burial . Bissau Sea­
mount is almost buried and is in the very south 
of the survey area near The Cambia Abyssal Plain . 
It may be related to east- west fractur e zones 
detected by the magne t ic surveys. Senghor Sea­
mount, on the other hand , is only par t ially 
buried and rises clos e enough to the ocean surface 
to serve as an anchor ing area for fishing buoys; 
it clearly is related to the same volcànism that 
created the Cape Verde I slands and is simply an 
island that did not break surface. The tiny 
high to the northwes t of Senghor Seamount may also 
be a buried vol canic peak but because of adjacent 
datais believed to be a low ridge pr obably 
rela t ed to the same volcanism. 

Plate 2. BathYJ!letry profi l e from 11°39.5 ' N, 
20°25.3 ' W to 11°41 . 5 ' N, 19°40 . 5 'W across buried 
Bissau Seamount that stands about 600 m above the 
surrounding area (full scal e 10 sec, 
375 m/ division) . 

Plate 3. Bathymetry profi l e from 17°49 . 7 ' N, 
22°24 . 5 ' W to 16°55 . 6'N , 21 48.0 ' W across a minor 
ridge of basaltic outcr6p on the Cape Verde Rise 
(cv) and across Senghor Seamount that rises to 
302 m. (fu ll scale 5 sec , 187 . 5 m/division ). 

Clearly one would like to be able to see 
into the masking sediments to discover the rela­
tionship of bathymetry to geology. This can be 
done with t he seismic method using airguns or 
sparkers or , to a lesser degree, a low frequency 
echo sounder or pr ofiler such as a hull- mounted 
3.5 Khz sys t em . Plate 4 shows a 40 eu . in . 
airgun profi l e over a sec tion of the Labrador Sea 
of similar depth. The vessel was moving at regu­
lar survey speeds of 10- 12 kts and in addi t ion to 
t he regular high frequency echo sounding data a 
whole weal th of sub - bottom geological data has 
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Plate 4. Portion of 40 eu . in . airgun recor d of 
Glomar Challenger obtained at 10- 12 kts in the 
Southern Labr ador Sea . Various seamounts pro­
trude through the sedimen t s and the burried base­
ment joining t heir bases can be seen . 

been gather ed that allows l ess ambiguous i n ter pr e­
t ation of various highs . Baffin carried an a i rgun 
sys t em but its use was r es tric t ed in genera l t o 
t he shel f edge and cont i nenta l slope ; only 5 l i nes 
r an in t o t he deep ocean and none c r ossed t he 
volcanic occurr ences of Pl ates 1 , 2 and 3. 



DROWNED BEACHES 

Pr ofile P- Q west from Cap Vert c rosses 
a probable drowned beach (br on Plate 5) i n about 

Plate 5. Bathymetry profi l e from 14°40 .0 ' N, 
17°33 . l 'W to 14°47. 2 ' N, 17°41 . 4 ' W across a slight 
rise near the she l f edge (br) and two sharp peaks 
(bv), (full scale 2 sec , 75 m/division). 

70 m. of water . Masse (1968) interpreted this 
ri se to be a linear r elic t beach and CROT (19 75) 
and Domain (19 77) interpreted the rises t o be a 
seri es of "bancs· r ocheaux" l ying along the 50 m 
and 70 m contour south of Dakar (Fig. 2) . These 
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Fig. 2 . ~~~t~f "les bancs rocheaux" discussed in 
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features are too small to be recorded on t he 
bathymetry map of Masse or of CROT and indeed are 
too small to appear on our 1:1,000,000 map . In 
certain ins tances the highs may r epresen t outcrops 
of the Cap Vert volcanics, (e.g . Banc du Séminale) 
but these a reas ar e clearly indicated by very high 
frequency, high amplitude anomalies in the mag­
netic field. 

These breaks or ridg es on the shelf at 
50 mand at 70 mare almost certainly the r eco rd 
of stillstands of sea l evel and r elated relic t 
beaches. McMaster e t al (197 0) found that a num­
ber of submerged lithified beaches off the 
Bijagos Delta were lithified at their cr es ts. We 
sugges t t ha t the "bancs r ocheaux" ar e ver y 
similar .espec i a lly since they ar e parallel to the 
r egional slope of the shelf (Fig . 2) . The beaches 
wer e probably lithified prior to their submergence 
and th er e may hav e been selective algal growth or 
breaching in certa i n locations a long their 
l eng ths since submergence . 

REEFAL STRUCTURES 

On Plate 5 a t a depth of 400 m ther e are 
two peaks standing 20-30 m high and marked "bv" . 
These peaks and their origins are subjec t to con­
siderable speculat ion . Initially the authors 
assumed that they wer e simply more outcrops of Cap 
Vert volcanics because of their proximity to the 
Cap . However G. Wissmann of th e Ger man Federal 
Institute fo r Geoscience and Na tural Resources who 
was working on the METEOR da ta brought thes e fea­
tures t o our a ttention. (Personal communication, 
1976). We re-examined our data in this area and 
recontoured the data between 300 and 700 mat the 
head of Sarakoll e Canyon t o show a series of north­
south r idges outcroping on the continental slope 
(Fig . 3). 

Figure 3 . Portion o f bathymetry map 839A showing 
even west o f Cap Vert. 

l.fuen we wrote the bathymetry r eport we 
tended to dismiss Wissmann's suggestion that these 
ridges may have been r eefal in nature. However 
the zone of high intensity magnetics mapped by 
Meagher ~ a l (1977) does not ex t end as far west 
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as these features and they show no anomalous mag-
netic signatur e. We now believe these ridges may 
r epr esent old reefs that gr ew near the shelf edge 
atone time and have been further submer ged 
through a combination of pos t Pleistocene rising 
sea levels and subsidence of ocean f l oor . They do 
r emain as one of the "bumps" on the bottom that are 
still a puzzl e . 

CANYONS, CHANNELS AND CHANNEL SYSTEMS 

Cayar Canyon (Fig . 4) was reported in 
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Figure 4. Bathymetric cross -sections of the Cayar 

and Dakar Canyons at 500 m depth inter­
val s . 

the liter a tur e as early as 19 68 (Dietz e t al) and 
was documented by P . Bonnin in 1934 on his field 
sheets ent itled Rég ion de Cayar (1934). Almost 
certainly the fishermen of Cayar knew of the can­
yon fo r many year s previously and indeed one may 
hypothesize that Cayar, a famous Sénégal ese 
fishing village, was no t located by accident in 
the coas t al r eentrant at the head of the canyon . 
Th er e a r e a lmost certainly associated physical 
oceanographic effec ts of deep water appr oaching 
almost to the shoreline and these eff ec t s would 
have been observed by early fi shermen. 

Cayar Canyon is as striking as Scripps 
Canyon in Ca lifornia and is l acking only the on­
shore gult ch to be tota lly compa r ab l e. The canyon 
disects the shelf to within a few hund r ed metres 
of the beach and is r esponsib le fo r the marked 
inflection of the shoreline ; there may even be a 
r elict onshor e portion indicated by the low of Lac 
Tomna. 

Most of the Sénégal/The Cambia shelf 
edge and slope is eu t by a series of canyons that 
generally originate at the shelf edges , al though 
north of Dakar several incise th e shelf with Cayar 
and Mauritania Canyons be ing the most prominent. 
The canyons are highl y dendriti c and we found even 
atour 1: 300,000 wor king scale we cou ld not àocu­
men t al l the detail . In contourin g the shelf edge 
and the heads of the canyons the s l igh t es t posi ­
tioning errors became cr itical and when combin ing 
the data of s everal sources extreme car e had to be 
taken. Constant r efer ence back t o the r aw ana­
logue data r a the r than mer e l y digitized values 
was absolutel y necessary. 

The concen tra tion of canyons a l ong the 
continental margin seems about constan t. There 
are two excep t ions; one is r eal and one simply 
fortuitous. There appears t o be few canyons in 
the north be tween the Mauri tania and Nouakchat t 
Canyons; this is not r eal and reflects only the 
absence of recent data with good positioni ng which 
i s contained in two French Field Sheets which were 
not availabl e to the proj ec t. However the short 
s t re t ch of s helf edge without canyons southwest of 
Cayar Canyon a nd agai n south of Dakar Canyon 
appears t o be real. The reason fo r the paucity of 
canyons may r ef l ect particular (and unknown) bed­
rock conditions poss i b l y r e l ated to the presence 
of the Cap Vert volcanics. A more likel y r eason, 
t hat will be detailed in the next section on 
geologic processes , i s tha t t he major canyons draw 
off so mu ch of the sediment that is normally mov­
ing along the shelf from north to south that there 
is no erosive ma t erial immediately available to 
eut new canyons. 

The major canyons pass across the slope 
and wi th the except ion of the Daka r Canyon finger 
into two ma jor deep-sea channel systems. We use 
the term channel system introduced by Laughton 
(1 960) to recognize t he fact that the channel 
sys t ems have a somewhat dendr itic nature . Thus 
the Cayar Channel System is linked to Cayar Canyon 
and the Mauritania Channel System to the Mauritania 
a nd Nouakchat t Canyons. The two channe l systems 
appear quit e distinct throughout the area and are 
found in the deepest par t of the basin. They may 
join at abou t 11°N, we do not have sufficient data 
in these a r eas to do any more than speculate. 

Deep sea channels are missed by hydrogra­
phers who de pend upon onl y digitized data. Their 
signa tur e on an echo sounder is sub tle , especiall y 
i f one opera t es an echo sounder a t full scale and 
slow paper speeds , and does not have a prog r am­
mable sound er following the bottom on an expanded 
scale . We show a tradi tional channel in our a r ea 
on Plate 6 and ano ther c r ossing Plate 7. Leeves 
were not common in t he map a r ea. The smaller 
between 073 0 and 0800 is significant and one must 
make constan t r eference t o the r aw sounding rolls 
t o delineate and follow these features when com­
piling deep-sea data . 

The s tudy of the channels and feeder can­
yons l eads us from the inter-r elationship of ba thy­
met r y and geology to the re l a tionship of bathyme try 
to geologic processes i n the nex t section . 
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Plate 6 . Bathyrnetry profile from 13°41.0 ' N, 
21°57 . 9 °W te 13°41.0 "N, 20°51.7 °W across the 
Mauritania Channel System (M) . This crossing of 
the 60 m deep channel shows the typical shape of 
a de ep-ocean channel . There is no indication of 
levees (full scale 10 sec , 375 m/ division) . 
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Plate 7 . Bathymetry profile from 12°59 .3 ' N, 
22°13.6°W te 12°59 . 9°N , 21°o7 . 4 ' W across a poorly 
defined portion of the Mauritania Channel System . 
The small shoulder at 0747/059 marks the western 
margin of one arm of the channel, and the very 
slight low (m) marks the axis of the main channel . 
(full scale 10 sec, 375 m/division). 

RELATIONSHIP OF GEOLOGY TO GEOLOGIC PROCESSES 

It is .important to realize that t he shape 
of the ocean floo r is not only a response t o the 
underlying geology but also to t he processes that 
are actively affecting the bottom . Nature is con­
stant l y transferring material f r om the con t inent 
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to the shelf and via the canyons and other pro ­
cesses moving it on down onto the abyssal plains. 
Erosion and deposition are relentless processes 
which may not make their presence felt during any 
one hydrographer's lifetime but the bathymetry 
measured during any survey and that published 
after a compilation such as ours is the result of 
a long dynamic process that we freeze but for an 
instant on our maps. Indeed our map is an average 
instant because we have used data from 1934 to 
1976. 

LONGSHORE DRIFT AND CANYON CAPTURE 

The coastline north of Cayar through to 
Mauritania is one long continuous smooth beach 
with dunes developed in a number of areas. There 
is virtually no opening save for the mouth of the 
Sénégal River near St. Louis. All of this coast­
line is subject to wave-induced longshore drift of 
sediment from north to south . 

Considerable work has been clone on the 
area just north ( or upstream in the longshore 
current) from Cayar Canyon in looking for offshore 
placer deposits (B . R.G.M . , 1974 ; . Horn et al, 1975; 
Circa 1975). An ocean swell is documented of 
wavelength 300 m, period 14s and a velocity of 
21 m/s . This suggests that during storm surges 
sand at depths to at least 30 mare reworked . 
Demoulin (1967), Masse (1968) and Dietz et al, 
(1968) have documented a swell from the northwest 
that impinges on the Cayar Coast and on Cap Vert 
and a swell from the southwest that strikes the 
coas tl ine immediately south of Dakar in Baie de 
Gorée . The resultant longshore movement of sedi­
ment is from north to south along almost all of 
Senegal's coastline, with some reversal south of 
Thiaroye and M' bao just east of Dakar . The pre­
dominant north to south movement of sediment is 
reflected in the southward extensions of river 
mouth bars at the mouth of the Sénégal, Saloum and 
par t s of the Casamance Rivers. The longshore 
drift and wave action also affects the offshore 
bathymetry. 

/ 
Figur e 5 . Portion of bathyrnetry map 839A off the 
Casamance River . S marks the location of known 
salt domes. 
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This influence is probably seen in the 

wavel ike form of the 10 m contour a t 12°50' N, 
(Fig . 5) • It may show up aga in in microtopography, 
off M'bour (14020'N, 17°07'W) and poss ibly off­
shore in the same ar ea (13°45 ' N, 17°13 "' ) 
Rlthough it is di ff i cult ta differentiate 
between bathyme try affected by earlier stillstands 
and r eli ct beaches without more geo logica l data . 

The con touring of the ver y de t ai l ed 
data on the shelf from the Fr ench fiel d sheets 
r evealed considerable detail, despite some 
problems with the posi t ion ing of the earlier 
surveys . In the north from 16°45 ' N ta 17°N on 
th e con tinental shelf a series of north-south 
ridges l es s than fiv e me tres high are inte rpr e t ed 
nearshore (Fig . 6). These appear to be grouped 
up- curr ent from t he head of a major canyon sys t em 
- the Mauritania Canyon. An even more pronounced 
series of ridges are observed up-stream of th e 
head of Cayar Canyon (Fig . 3). Bath s eries of low 
ridges a r e sub-parallel ta the shoreline and t a 
th e regional slope of the shelf. We suspect that 
this appar ent r el at ionship be t ween the ridges and 
the head of a major canyon is not fortuitous but 
rathe r r ef lects a mor e intimate relationship . 

One might con tinue Di e t z ~ al ' s (1968) 
arguments with r espec t ta th e Cayar Canyon and 
sugges t tha t not onl y is th er e a marked north ta 
south movement of sediment und er the influence of 
th e steady northwest swell but ales that there is 
an " overload ing" of the "longshore curren t " . Thus 
in an analogy with river currents when th e l ong­
shore " current" ov erloads there is deposition. 
The overloading and deposit ion of the ridges seen 
on the bathymetry map then may be hypothesized t a 
be a seasonally related phenomenon or mor e likel y 
rela t ed ta the particular geometry (and depth) of 
the shelf and coas tline . Thus in the a r eas of 
overloading the observed ridge system devel ops and 
it may even be that the overloading and build up 
of sediment in certain s helf areas can be r espon­
s ible for the initiation of the formation of 

Figure 6 . Portion of bathymetry map 839A off the 
Senegal River and Marais de Toumbos . 

certain canyons . 

Ther e is a consid er abl e differ ence 
be tween Dakar Canyon and Cayar Canyon when con­
sidered in profile a t their distal or downstr eam 
ends . (Fig . ~). Cayar Canyon cuts across the 
shelf and s t arts at t he coastline ; it continues 
as a wel l developedchannel sys t em into the 
abyssa l depths . On the other hand, Dakar Canyon 
starts a t the she lf edge and terminates at 4100 m 
and does not continue as a channel system. This 
suggests that Dakar Canyon is inactive and repre ­
sents a rel i ct featur e. However, both Dakar and 
Cayar Canyons are erosional features and both 
show truncated beds in section . The lower end of 
the Dakar Canyon appear s t o be marked by turbidity. 

The question then arises as t o the 
r ela tive ages of Dakar and Cayar Canyons . The 
Dakar Canyon cuts a seismic discontinuity , D2, 
that has been mapped as Oligo- Miocene in age by 
Uchupi and Emery (1974) and hence is younger than 
about 25 million years . Ruffman e t al (1977) and 
Meagher e t a l (1977) suggest a two step process 
for the formation and stagna tion of Dakar Canyon 
related t o the two ages of volcanism seen on Cap 
Vert . The intensive even t s on Cap Ver t are 
mapped as Oligo-Miocene and Plio-Pleistocene . 
Possibly prior t o these intrusions the r e was no 
major wes tward pro trusion of the shoreline at Cap 
Vert. Initially t he i ntrusion of th e volcanics a t 
Cap Manuel , du e eas t of the head of Dakar Canyon 
in the Oligo-Miocene may have formed islands of f 
t he coas t and caus ed the initial in t erruption of 
longshor e drift and the f ormation of a l ar ge 
tombola . Baie de Gor ée was then sou th-eas t of the 
new tombola and a long continuous beach stretched 
north f rom Cap Manuel through the Lak Tamna a r ea 
near th e town of Cayar and on north towards 
St . Louis . The formation of the Canyon sometime 
after the Oligo-Mi ocene vo lcanic activi t y . Thus, 
the sediment moving south along the coastline 
via longshore drift would hav e accumulat ed and 
periodicall y passed down the Dakar Canyon 
(assuming that t he Cayar Canyon did exist at this 
time) . 

When the younge r Plio- Pleis to cene vol­
canics that form Pointe des Almadi es and Les 
Mammels e rrupted 0 .9 to 1 .2 million years ago, 
north of Cap Manu e l t he curvature of the beach 
would have been again inte rrup t ed and a new beach 
developed be t ween the Lac Tamna area and Cap Vert 
wi th an inf l ection poin t developed at about the 
town of Cayar . It appears that the s ediment load 
feeding the Dakar Canyon was eut off for a period 
of time whi l e the new coastline developed and 
during this time an "overloading" occurred in the 
shelf west of the town of Cayar with the subse­
qu ent initiation of Cayar Canyon (Ruffman e t a l, 
1977) . Cayar Canyon then would have pirated the 
sediments feeding Dakar Canyon . If t he above 
s equence is corr ec t t hen Dakar Canyon has been 
r ela tivel y inac tive since the initiation of 
Cayar Canyon 0.8 to 1. 2 million year s ago . The 
Sarakolle Canyon directly west of Cap Vert also 
dies out at 3200 m and may too have been r e la­
tivel y inac tive for th e same period of t ime . 

As sea levels ros e after the Pleis to­
cene , Cayar Canyon er osion has kept pace with the 
transgressing sea and the head of the canyon still 
lies ve r y close to the sho r eline and still cap­
tures mos t of the longshore dr ift. The stagnation 
of Dakar Canyon is analogous to stream capture on 
shore and could be dubbed " canyon cap ture". The 



near complete draining off of longshor e drift 
sediment can be seen in a number of ways. Dietz 
~ al , (1968) recorded that the beach for one 
kilometre south of the head of Cayar Canyon was 
almos t devoid of sand and very narrow and irregu­
lar beyond that for a significant distance. Horn 
~ al (1974, 1975a, b) noted that characteristi c 
heavy minerals pr esent in samples north of Cayar 
Canyon did not occur in samples south of the 
Canyon. The shelf also noticeably narrows and 
steepens sou th of Cayar Canyon . (Fig . 3) . The 
lack of sediment south of Cayar is also reflected 
in the inactivity of Dakar and Sarakolle Canyons 
and in the reduced number of shelf edge canyons 
immediately south of Dakar Canyon. 

SLUMPING ON THE CONTINENTAL SLOPE 

To this point in the paper we have been 
talking about features that are related to either 
highs or lows on the ocean floor as seen on the 
echogram. Plate 8 shows a profi l e G-H running 
east-west north of Cayar Seamount down the 
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Plate 8 . Bathymetry profile G-H from 16D00.3'N, 
17°23.5 'W to 16°00 . 5 ' N, 18°55 .7'W across the 
continental slope and rise north and northwest of 
Cayar Seamount. This is one of the few records 
of BAFFIN on which deductions as to the na t ure of 
the seafloor can be made despite the compr essed 
nature of the record resulting fr om a very slow 
paper speed . 'The change in slope at (ss) marks a 
slump scar, and downslope a series of hyper bola or 
flow material from slide- generated turbidi t y flow 
deposits and there is no cane of sediment f orming 
at its lower end. The head of the Dakar Canyon 
is presently in 100 m of water and the canyon can­
not tap the active par alic zone of sand transpor­
ted by longshore drift. 

continental slope across the Cayar Slide Complex 
(Jacobi, 1976) . The record shows a textural 
variation which would have been seen much more 
clearly had the r ecorder been operated wi t h a one­
second sweep and faster paper speed to avoid the 
severe compression of data seen on records 
recorded at a 10- second sweep. Jacobi has corre­
lated the textura! variation seen on G-H with 
evidence of a massive slump complex that has moved 
downslope leaving a pronounced " slide scarp" 
(SS on Plate 8) that can be traced over almost 200 
km in an elongate horseshoe-shaped pattern north 
of Cayar and Little Cayar Seamounts (Jacobi, 197 6 ; 
Meagher e t al, 1977). Jacobi had a n added inter­
pre tative tool in that the Lamont-Doherty Geologi­
cal Observatory survey vessel had a low f requency 
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(3.5 Khz) echo sounder that gave a certain amount 
of penetr ation into the upper sedimentary layers 
and allowed one to see the con tort ed and disturbed 
bedding in the lower parts of the slide complex . 
In addition VEMA ' s lower frequency continuous 
seismic profiles gave even more definition of 
deeper internal st ructure . Baffin 's programs 
gener ally restricted the use of the airgun to the 
shelf and shelf edge areas and few lines ran down 
the slope into the deep ocean . However two of 
Baffin' s deep wa t er airgun lines did cross the 
Cayar Slide Comp l ex and thi s da ta in combina tion 
with Jacobi's (1976) low fr equency 3.5 Khz 
profiler and our compressed bathymetry ~ecords_ 
did allow us to define the extent of this massive 
downslope movement of material . The Cayar Slide 
Complex stretches as a tongue from its cuspate 
slide scar on the slope between about 100 m and 
200 m westward over 400 km into depths of 4000 m. 

Plate 9 shows a portion of a similar but 
much smaller complex in the marine clay deposits 

Plate 9 . View of slump in Pleistocene age marine 
sediments now exposed on the South Nation River 
near Ottawa. The main slump seen appears from the 
right middle ground to the background. Subsiduary 
fault planes which have given the slump its rough 
upper surface are visible in centre of photograph. 
Compare with Plate 8 and Figure 7. 

of the Champlain Sea. The only difference is that 
the Champlain Sea was a Pleistocene sea in the 
Ottawa region and now stands well above sea level. 
The slope of the original field seen along the 
top of the pho to is similar to the true. slope of 
the ocean floor along profile G-H (Plate 8) and 
the downslope sliding of the marine clays at 
South Nation is similar in na tur e toits modern 
analogue with a major upslope slide scarp and a 
se r ies of subsidiary a_rcuate shallow slide scarps 
downslope. Figure 7 shows a line drawing of an 

ai r gun profile ol-D ac r oss the southern slope off 
Casamance . This section displays only 3 seconds 
vertically and has much more vertical exaggeration 
than the bathymetry profile G-H . Here a series 
of small slump scars are in evidence along with 
associated faults and contortion of bedding . The 
ana logy should be drawn to the South Nation photo 
of Plate 9; Profil e Dl-D consists of a number of 
slumps each of which is of a similar size to that 
shown at South Nation. 

Ther e may well be a r e lat ionship between 
con tinental slope slumping and t he initiation of 
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canyons. Off Senegal and The Cambia, especially 
in the south of our map area, there appears ta be 
a direct relationship between the density of 
canyons and even their existence and the amount of 
slumping seen. On Fig . 6 a nwnber of the notches 
which mark slide scarps and slide scars have been 
interpreted ta be mine r arms of the dendritic 
canyon system found on the continental slope. The 
suggestion may be made that the topographie lows 
developed at slide scars and the associated faults 
serve as eros ional foci for downslope movement of 
turbidity currents and evlove into eroded canyons . 

D' D 

Figure 7. Line diagram of slumps on continental 
slope of profile D'-D across slope a t 12°s4'N. A 
series of upslope vertical or inclined fault planes 
become asymptotic to the bedding planes downslope. 
The slump mass pr obab l y slid downslope on a bedding 
plane fault, and there may be comp r ession of beds 
in the foo t of the slump (c) . Trunca t ed beds (t) 
can be seen at the upslope end of the undeformed 
slump strata (b), with the respective slump scars 

and r ela t ed scarps (a) forming depressions that 
may later develop i nto part of a canyon system. 
There may als o be underthrusting of slump slabs 
in this area as well . 

Immediatel y south of Dakar Canyon we earlier noted 
a near absence of canyons ; this area alsd shows an 
absence of slwnping. Work done by Ceomarine 
Associates on the continental slope of Nova Scotia 
for a commer cial cus tomer shows 3 slump blacks 
separated by two miner canyons and l ends strength 
to our interpretation off Sénégal and The Cambia. 

Certainly one puzzle r emains when one 
examines the ba thymetry map of Sénégal-Cambia -
"what is the source of all the sediment that makes 
the shelf south of Cap Vert so much wider than 
that north of Cap Vert and which gives rise to the 
large r amount of slumping in the south? " In 
addition the continental slope south of Cap Vert 
is steeper than that north of the cap which is 
another indication of outbuilding through sedimen­
tation. Most of the sediment moved south by long­
shore drift is captured by Cayar Canyon and the 

shelf to the south, including Dakar Canyon, is 
starved of sediment. The slow moving rivers such 
as the Saloum, Cambia , Casamance and Ceba do not 
appear to have any great erosive power and the 
sediment source is uncertain. While the southern 
rivers do not appear ta be great sedimen t sources 
we know of no actual measurements of their sedi­
ment load or of the seasonal variation . The 
Archipel dos Bijagos represents a c l assic example 
of a drowned delta and implies that the Ceba River 
at least in the recent past was a major source of 
sediment. 

AEOLIAN INFLUENCE 

On a number of occasions during the 
Baffin's cruise the ship was coated with a layer 
of fine sand carried seaward by the steady north­
east Harmattan that blows off the Sahara . Rona 
(1971) has suggested that aeolian transport of 
such fine desert material may have operated over 
a long enough time ta shape th e Cape Verde Rise 
and gener ally prograde the continental rise . We 
may see one local example of this north of 
St. Louis where there is a slight westward bulge 
in the shoreline and offshore there is a seaward 
migration of the con tours to delineate a broad 
flat area of the shelf off Marais de Toumbos 
(Fig. 6) . In this same area onshore in the south 
of Mauritania and extending right into the out­
skirts of St . Louis there are extensive longitu ­
dinal sand dunes oriented northeast-southwest ta 
reflect the persistent Harmattan. The shoreline 
bulge and flattened area offshore may represent 
an a r ea of increased aeolian sedimentation. The 
area on Fig . 6 could also r epresent a r ecent 
delta of the Sénégal River with Marais de Townbos 
as part of an old channel which ex isted prier ta 
the exit being eut off by longshore drift and 
flow being direc t ed southwards in a nearly 90° 
turn to the present exi t near Gandiole. 

SALT TECTONISM 

Another geologic process that may be 
influencing the shape of the bathymetry is that 
of ac tive salt intrusion. Aymé (1965) reported 
on the sald dames off the Casamance and our 
bathyme try map recor ds 11 such features tho.ugh 
Aymé's somewhat ambiguous paper can be interpre­
ted ta show up ta 14. Aymé's contoured bathymetry 
map (Aymé, Fig . 4) showed the 30 m contour wrap­
ping around a dame; our data show a similar 
disruption of the 30 m contour around a dome's 
rim syncline in what may be the old Casamance 
River embayment (12°17.S ' N, 17°06 'W.(Fig . 5) .. The 
COPETAO and French field sheet data can be inter­
preted ta give rise ta another circular bathy­
metric feature at 12°21 1 N, 17°13 1 1-/ (Fig . s ). 
There is no seismic data available over this 
fea ture and we can only assume that it tao has 
r esul t ed from salt diapirism. 

We suspect that active salt tectonics 
may have had some influence on maintaining the 
shallowness of the area north of the major embay­
ment including Banc du Large. This area of the 
continental shelf has the same dimensions as 
Sable Island Bank on the Scotian Shelf or as the 
Magdalen Islands high in the Gulf of St . Lawrence. 
All three areas are the f ocus of near-surface 
salt tectonics and drowning and all three areas 
may owe their relatively high relief ta the 
influence of salt. 



At 12°35 ' N the shelf is marked by a 
broad ridge seen i n the 25 to 40 m contours ; this 
ridge is probab l y not related to salt tectonics 
but rather may r eflect the outbuilding process of 
the "Casamance Del ta" in this ar ea . Similarly 
the broad sinusoidal waves seen in the 100 m con­
tour at 12°o5 ' N, 17°20 ' W are probably not related 
to salt tectonics but rather depict broad l ow 
ridges (sand waves) on the sea floor . These 
broad ridges do not represent poor positioning 
during the original survey since they are crossed 
by a number of t racks of data and only the one 
contour is affec t ed. 

CONCLUSIONS 

As we move more and more into multi­
disciplinary surveys, it is important for hydro­
graphers ta realize that underneath all their 
bathyrnetry there is a fascinating geological story 
reflecting either rock and sediment type or a 
geological process that has shaped the bottom . 
The hydrographer who understands this intima t e 
relat i onship will plan and execu te a much be t ter 
survey . Sa tao will the hydrographer enjoy and 
understand the results more. As the CHS moves 
into multiparameter surveys, the mandate of the 
Service is changing from one of making charts for 
navigation to one of mapping the ocean floor for 
a whole hast of uses including that of making 
charts . In this light we would advocate running 
recorders specific to the geological user with an 
expanded scale and faster paperspeed. In addition 
when low frequency echo sounders are opera t ed the 
total value of the survey will be greatly enhanced. 

It is very important that before 
embarking on a foreign survey such as that off 
Sénégal and The Gambia, one does a complete 
assembly of e~i?ting data and if possible a 
preliminary· compi l ation. With this basic frame­
work complete the hydrographer can plan a survey 
to highlight geological questions on areas with 
uncertain or thin coverage. With the prelirninary 
compilations decisions as ta priority areas can 
be made with more certainty and the hydrographer 
in charge can better balance the demands of the 
various parallel surveys (bathyrnetry, gravity 
magnetics, geology, biology, etc). We were 
surprised how much data was available off Senegal 
and The Gambia and the same sort of density may 
wel l exist off t he coasts of many developing 
countries if the t ime is taken ta assemble it. 
The data will be made available, in our experienc~ 
if the time is taken ta establish personal con­
tact and if the agency approached can be a ssured 
that the completed map or report will be returned 
in exchange. 

Finally all cruises whether domes t ic or 
foreign will be much more rewarding in a 
scientific sense if the full range of users are 
kept in mind . This will require hydrographe r s 
with an interes t in these other uses of their 
data and with a willingness to add certain 
equipment ta i ncr ease the line kilometer cost 
effec t iveness of their vessels . 
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Abstract 

One of the traditional roles of the 
hydrographer, as established by Cook and others, 
was to decide what topographical information was 
of value to the mariner and sh::Juld be shown on 
charts. Since the advent of modern topographical 
mapping , Canadian hydrographers have left that 
task to the cartographer. The paper will illu­
strate this evolution and then analyse the needs 
of the navigator and assess whether they are best 
met by providing him with an exact copy of the 
topographical map . The convergence of recent 
Canadian thinking with that of the philosophy 
developed by the North Sea International Char t 
Commission wil l be described. The paper will 
conclude with a s uggestion on how the hydrogra­
pher should once again become responsible for 
r ecommending what topographical and cultural 
information should be shown on charts. 

Introduction 

The concept s fo r this paper wer e 
forrnula t ed during the period April 1975 to 
Mar ch 1976 when I was a rnernber of the Chart 
Presentation Steering Committee of the Canadian 
Hydr ographie Ser vice (CRS) . This Commi ttee , under 
the chairrnanship of the l a t e Ells Walsh, was 
charged wi th the task of developing a new presen­
tation for Canadian chart s to rnee t the needs of 
rnetric conver sion and bilingual isrn. A third 
requirernent was to ensure that where practicab l e , 
the presentation would agree wi th the inter­
national chart specifications then under develop­
rnent through the North Sea Interna tional Chart 
Commission (NSI CC). 

The ini t ial work of the Cornrnittee 
focus sed on rne t hods of showing bathyrne try and 
chart scherning as described i n papers given at the 
15th Conference in 1976 1

'
2

• Subs equently a 
decision in principl e was r eache d on the basic 
concep t s t o be followe d in showing t opography and 
culture on Canadiah charts. Thi s paper reviews 
the historical evolu tion of how land fea tures 
have been shown ; cornrnen t s on the inadequaci es of 
the curren t presentation , then exp l ores the new 
philosophy and compares i t wi th that developed by 
the NSICC. 

De finitions 

The features shown on the land areas of 
charts are of two t ypes : 

Topogr aphy 

- the contours, peaks , saddles between peaks, 
gull ies , c l iffs, nature of the shore l i ne, 
r ivers, lakes, gl acie r s, e tc., r eq uired t o 
permi t the marine r to visualize the s hape of 
the land and nature of the coast he can see 
frorn seaward and t o identify pr orninent 

summits, r i dges, etc ., which he canuse to 
position his vessel ei t he r by visual 
bearings or by radar bearings and ranges, 
or by a cornbina t ion thereof, or by 
es t ablish ing clear ing lines and transits . 

Culture 
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- t he man-made additions to t he landscape 
such as roads, railways, and conspicuous 
buildings such as churches, t owers , darnes or 
o the r buildings, e t c . 

His torical Developrnent 

A direct line in the developrnent of 
Canadian hydrography can be traced back t o 
Jul y 27, 1758, the day after the surrender of 
Louisburg , when James Cook, 

" . .. the rnaster of the Pernbroke was 
ashore a t Kennington Cove . .. His curiousity 
was rnuch aroused by the behaviour of a 
man carr ying a srnall squar e t able, 
supported by a tripod; the man would set 
hi s t ab l e down so that he could squint 
along t he top in various directions, 
after which he would rnake notes in a 
pocket- book ... He was a rnilitary 
engineer; he was rnaking a plan of the 
place and its encarnprnents, his narne was 
Samuel Holland" . 3 

Tha t meeting laid the foundation for Cook ' s 
career as a hydro grapher and exp l orer. Cook 
expressed an a rdent desire to be instructed in the 
use of the instrument and Rolland agreed . Cook 
produced his first chart of Gaspé Harbour that 
fa ll but it does not show any l and features . 
During the fo llowing winter Rolland worked with 
Cook cornpiling the charts to be used when the 
fleet sailed t o beseige Quebec . He also assisted 
Cook to rnaster the intricities of spherical 
trigonornetry and astronorny so this really was 
Cook ' s apprenticeship as a hydrographer. In 1759 
Cook played a major role in surveying the 
appi:oaches to Quebec , especially the Traverse 
below Ile d ' Orleans frorn which the French had 
rernoved all the navigation marks . 

After the war was over Cook was chosen 
t o s tart the f irst regular surveys of Newfoundland . 
In Beaglehole ' s judgernent, 

" Cook was to carry out rnany accornplished 
pieces of surveying, in one part of the 
world or ano ther , but nothing he ever 
did la t er exceeded in accornplishrnen t 
his surveys of the southern and wes t e rn 
sides of Newfoundland frorn 1763 to 1767 ... 
He was so successful because he could 
deploy all the technique he had acquired 
frorn the rnilita r y ' engineer s ' ; because 
he could work a t t irnes on l and as well 
as frorn the sea.¼ 

The l a r ge charts a r e indeed trernendous 
productions: the ' exact tr igonorne trical 
survey' of the wes t coas t is about t en 
fee t long, on an inch to the mile scal e , 
and includes rnuch inland topographica l 
drawing , •.. This was raising Bri t ish 
hydrographie sur veying to a new power . 
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.. . the distinctive charac t eris t ic of 
Cook ' s manuscripts, i t has been said, 
is the car e and fullness wi th which 
topographical detai l on l and is drawn, 
a good deal of brown and green brush­
work marking relief and landcover, in 
t he manner of mili t a r y mapping . Clif fs 
appear in semiprofile, an old 
convention . 5 " 

A portion of the chart of the west coas t of 
Newfoundland is shown as figure 1 . It will be 
seen that Cook besides showing the areas of high 
land also made consider able use of views of the 
coast . 

Ove r the next century t he depiction of 
topography became an art form in its own right as 
shown in figure 2. This is a por tion of 
Chart 4669, Red Bay in the Strait of Belle Isle, 
surveyed by the Admir alty in 1890 . In fact, as 
can be judged from the obl ique air photo on page 
317 of the Sailing Dir ec t ions, Newfound land , 
fifth edi t ion, 1977, the topography is pr obably 
exagerated s ince the highest hill is onl y 497 feet. 

Figure 3 taken f r om Canadian Chart 1204 
surveyed by Lt . Miles, R. N., and Mr . Savory in 
1907-9, showing a portion of the Lower 
St. Lawrence , is in my opinion an a lmos t ideal 
representation. It is economical in effect but 
pr esents the mariner with the critical information 
he needs. Figure 4 from chart 4714 sur veyed in 
1951 probably cornes close to the nadir of the 
hydrographers contribution with its use of 
"pimples " to show a ser ies of isola t ed high 
points. How fa r this is from a good presentation 
can best be judged f r om t he inset showing the 
de t ailed t opogr aphy t ha t became available shortly 
after . 

From the earl y 1950's onwards topo­
gr aphical maps at scal es of 1 : 50 , 000 and 1: 250 ,000 
became increasingly available and the hydrographer 
rapidly stopped showing land information on his 
field sheets and the compil er added it to charts 
usua lly to their ful l limits, f r om the 
topogr aphical maps . 

I think it can be shown that this has 
lead to a degradation in the information available 
to th e mariner and a t th e same time has inc r eased 
the drafting wor k , to the point wher e on some 
charts the land information accounts fo r up to 
75% of the time spen t drawing a chart. 

Figure 5 is taken from char t 3450 as it 
existed befor e 1968 when the topography was drawn 
by the hydrogr apher and Figur e 6 shows the current 
edition compil ed from Topo maps . I think _that it 
has to be agreed t ha t the ear l ier chart , with i t s 
use of the clif f and s t eep s l ope symbols pr esents 
a far more accurate pic ture of t he terrain than 
t he bland, rather rounded appearance of the later 
chart . 

Similarly figure 7 shows t he plan of 
Porlier Pass as surveyed in 1905 . The carto­
gr apher omi tted all t opography from the pl an on 
chart 3473 probably because he felt tha t it would 
be bad practice t o enla r ge the 1: 50 ,000 topo map 
four times to the 1 :1 2 ,000 scal e of the plan. 
He therefore preferred not to show any t opography 
a t all ! Surely this was a bad e r ror of judgemen t. 

It also ignor es a ve r y significant fac t - the 
mariner is r ar e l y inter es t ed in the absolu t e 
accur acy of topogr aphy, he is interested in 
gener al shape. The on l y t ime that a mariner wan ts 
an accurate height is when he is judging a t what 
dis t an ce off he can expec t to see a feature, 
either visually or by radar . I t also overlooks 
the ironie fact t ha t , a lthough maps are prepared 
in photogrammetric plotters, whe r e the photo ­
grammetrist has a comple t e birds- eye view of the 
ground , topographie con tour s are only specified 
to have an accur acy of plus minus 50% of the 
contour interval! The hydrographer even though 
he is working through the opaque medi um of water 
str i ves, and in critical dep t hs cer t ainly has to 
do better than that! 

One experimental pr esenta t ion was used 
on our first t hree smal l craft char t s 6301, 
At habasca Rive r, 6302 , Sl ave River , 2303 . Parry 
Sound to Byng Inlet , and one standard chart 2042, 
the Welland Canal. This was the use of a mosaic 
of air photogr aphs to show l and detail. These 
char t s ar oused little comment when they were 
issued and no complaint s when the mosaic was 
abandoned a t the next edition. From the users 
point of view the bigges t weakness of a mosaic 
is that it only shows cul ture and vege tation and 
not topography. Also pr obably even fewer char t 
users are used t o inter pr e t ing an air photo than 
a map. Fr om the producers point of view the majo r 
objection is that the onl y way to upda te the 
mosaic is to ob t ain new aerial pho to graphy . 

Role of t he Hydrographe r i n Determining what 
Topogr aphy and Relief Should be Shown 

In view of these imperfec t ions, and 
o t hers to be il l ustr ated l ater, it is appar en t 
that t he hydrographer mus t once again be much 
more involved in deciding what land informa t ion 
shoul d be shown on charts. I t i s t here f or e pr o­
posed that field par ties will be s upplied with a 
mosaic showing t he bes t avai l ab le topographi e 
information for t he l imi t s of each chart which 
they are surveying or revising . This should be 
annota t ed i n red to show t he i nformation that 
should be emphas ized and in yellow t o show the 
info r ma tion that should be de l e t e d on the fini shed 
chart. In making this assessment, the hydrographer 
sho uld seek t he assistance of the ships officers 
and others. 

Before leaving for the field a r evi ew 
of existing and cancelled charts of the area 
sho uld be made t o see if any exist where the 
t opography was compil ed by a hydro grapher. These 
wil l usually pr ovide a good guide as to what 
topography sho ul d be shown . The hydrographe r 
should also discuss wi th the Chart Production Chief 
and consul t t he Chart Fil e to de t e rmine the source 
of the shoreline on exis ting cha rt s of th e a r ea . 
Especially in northern waters it will only 
occasionally be found tha t t he shoreline on 
exis ting chart s originally published be fore 1960 
i s derived from mapping t ied to the No rth American 
1927 da tum . Northern Canada was only cover ed by 
tr imetrogon photography in .t he period 1944- 1950 
and t he r esulting pl anime tri c plots unde rwent a 
series of adjustmen t s as the control networks were 
ext ended s lowly northwards . The 1 : 250,000 mapping 
was only completed in 1967 and small changes can 
be expec t ed as t he 1 : 50 ,000 coverage is ext ended. 
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Figure l , "A Chart of the West Coast of Newtoundland , ,,, By James Cook , Surveyor , 1769. 
Scal e 1: 72 , 000 approx. 

Figure 2. Chart 4669, Red Bay , Surveyed 1890 . 
Scal e 1:12 , 000 . 

Figure 3. Chart 1204, Ile du Bic to Ile Vert. 
Surveyed 1907 - 8. Scale 1:77,800 . 



77 
23 

22 

0 
o.t;, 

132 

Benjy'& 
Cove 

-~=:· ·:.71.~> 
Figure 4. Chart 

37 

37 

3 4 
JI 

Figure 5. Chart 3450 . East Point to Sand Heads, 
First published 1937, 1:80 . 000 . 

Figure 8 . Adrniralty Chart 576 , Strait of Georgia, 
Alden Bank to Nanaimo. 1952. 1:76,500. 
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· Figure 6. Chart 3450, East Point to Sand Heads, 
1968 edition , 1:80,000. 

Figure 9 . Chart 3450 , East Point to Sand Heads. 
1968 , Scale 1:80 , 000 . 
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Figure 10. Coastal land forms 7 

Where no previous char t s exist , and for 
the cultural information ta be shown, the hy dro­
grapher should be guided by the guidelines ta be 
described. 

The Mariners Requirement 

In their discussions, the Chart 
Presentation Steering Committee agreed that the 
only topographie and cultural feature s ta be 
shown on a Chart should be limited ta those which 
the mariner needs ta: 

1. Using visual and/or r adar fixes, make a safe 
landfall upon unknown coas t s t a avoid all 
dangers, and ta safely enter a harbour . In 
an emergency , the mariner may have ta decide 
very rapidly where he could most safel y 
beach his sh i p or the best direc tion in 
which ta seek help . Medium scale char ts are 
usually used for these purposes . 

2 . Manoeuvring and docking within a harbo ur by 
reference ta conspicuous feature s using 
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large scale harbour plans ta conduct harbour 
business as efficiently as possible by having 
a knowledge of dock areas and the location of 
various offices and facilities . 

Any information which is not needed for one of 
these purposes is redundant and should not be 
shown. However, it must be remembered that the 
char t has ta serve the needs of a wide variety of 
us ers ranging from large commercial ships ta 
fishermen and yachtmen. It is important that the 
topographical information shown meets the needs 
of all these users, be it the navigator of a bulk 
carrie r or warship, equipped with a variety of 
sophisticated e lectr onic positioning devices, or 
the r ecreational yachtsmen relying solely upon 
basic visual observations . In fact it is the 
navigator of a yacht or fishing vessel who will 
make the most use of transits of headlands, islands 
and topo graphie features. It is he who , under 
adverse conditions, such as seeing a coast for the 
firs t t ime or intermittently through a fog, will 
need ta use all the clues given by studying the 
topography carefully ta locate his position . 
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Information Required at Different Scales 

1) Large Scale Charts 

It is fel t t ha t it would be enough to 
show the limits of built-up areas plus the 
buildings back to the fi r st s treet line, together 
wi th the customs house, office of the medical 
officer of health , the post office , nearest 
hospital, the harbour masters or o the r port 
authorities office, e tc . , and eno ugh of a stree t 
pl an to enable them t o be located . 

The conspicuous abjects that may be used 
by the mariner in accur ately positioning his ship 
while manoeuvring t o anchor or ber th must all be 
shown on the chart, r emembering that the mariner 
will prefer to use those closes t to him rather 
than those far off. However, this may not a lways 
be possib l e , for on misty mornings abj ec t s c l ose 
to the wa t er front may be obscured while those at 
a higher elevation may be visible . Features of 
navigatio nal interest such as permanent tide and 
wa t er level gauges will be shown even t hough th ey 
a r e not vis ually significant. In major harbours 
there are usually sufficient conspicuous cultur a l 
features to enable the mariner to position himse lf 
so t he amount of t opography to be shown by contours 
can be held to a minimum . 

This is very close to the NSICC 
preferred r epresentation which is : 

" r easonably full details of roads and 
buildings in dock areas and adjacent to 
the coastline generally , to the extent 
that a mariner unfamiliar wi t h the port 
gets an indication of the layout of the 
port and access t o shor e facili ties of 
gene ral maritime interest . Full 
depiction of landmarks is required but 
s urroundi ng built-up a r eas need not 
necessarily be shown" 6 (Para . 320) 

2) Largest Scale Con tinuous Coastal Series 

The NSICC states the r equir ement fo r 
cultural information well, 

"Insho r e navigation r equi r es the 
naviga tor to pay constant a ttention t o 
his pr ecise position often by vi sua l 
means, because of the danger of 
running agro und. Na tura l features 
c lose to the coas t are most important 
on t his scale . " (Pa r a . 350 . 2) 

" . . . Roads, railways and even minor 
tracks runn ing down to, or along, the 
coas t, buildings near the coas t, and 
all tall s truc tures which may be 
visible should be charted t o assist 
identification of posi tion, usually 
by visual means . At ni gh t the limits 
of the built-up areas are particularly 
important because , at such times, the 
lights of navigational aids be 
difficult t o identify in the vicinity 
of a well-lit urban area." (Para . 360 . 2) 

"Ai rfields within a few miles of the 
coast shall be charted on large and 
medium scales ; they are significant 
to coas t a l navigation because of the 

many visual and aural features 
assoc i a t ed wi th them and the r elated 
air traffic . " (Para . 366) 

On charts providing the largest scale 
continuous caver, sufficient formlines shall be 
shown to enabl e the mariner t o posi t ive l y identify 
the topographical fea t ures and also the con­
spicuous abjects visual l y or by radar . On these 
charts a ll possible i nfo rma tion should be shown 
on the nature of the coas t - does it have high or 
low cliffs , is it marshy, is there a r ocky 
foresho r e or a sand or shingl e beach? The mouths 
of a ll rivers and s treams should also be shown as 
they have some in f luence on t he wate r s into which 
they empty . 

Topography 

The char t must show the mariner by the 
use of con tours , or the cliff symbol, the t opo­
graphie fea tures which he canuse fo r rada r or 
visual fixing, without conf us ing them by showing 
features which he cannot see and therefore cannot 
use . As a general rule no topography, excep t for 
the courses of major r ivers , should be shown on 
charts unless it shows an a r ea which can defi­
nitely be s een f r om somewhere t o seaward on that 
part icular chart . The to pography to be shown is 
that of most use to a mariner navigating the 
coast for the first time . Therefore the first 
impressions of the coas t may be more va luab l e than 
those obtained after considerab l e familiarity 
when minor inconsp i cuous f ea tures assume an 
importance for a par t icular purpose . 

It is proposed in future that all 
contour lines derived from topogr aphica l maps be 
treated as form lines and no t be l a be led . This 
is partly due t o the fact tha t it will be many 
years befor e t opographie maps showing metric 
contours a r e available for all of Canada. The re­
fo r e we will be using contours whLch a re not at 
s t andard metri c i nte rva ls . More important the re 
is a consensus that far fewer contours are 
r equired than we are now using to s how the shape 
o f the topogr aphy . The NSICC specifica t ions , 
s tate tha t , 

" Ideally the contour interval should be 
chosen so tha t fewer than 10 con tours 
are needed for the full r a nge of height 
on a single char t or particul a r series 
of charts (for clarity and economy) . " 
(Para . 351.4) 

The r e is one point on which our thinking 
diverges from that of the NS I CC . The preceeding 
quota tion states: 

"The contour i nt erva l shall be uniform 
fo r any char t, or series of overlapping 
char t s on the same scale, excep t that 
the l owest contour may be a s upplementary 
one . . . " 

Figures 8 and 9 show two examples of this 
charting of Point Roberts . This is on the same 
chart as figures 4 and 5 . This is a case where 
on one side of the Str ai t of Georgia t he re l ief 
is of t he or der of 5000 feet while on the other 
side i t is only 250 . Anyone who has stood on the 
ferry as i t leaves Ac tive Pass and heads for 
Tsawwassen would have t o agree that English Bluff 



behind the ferry terminal is a significant 
feature even though it is a mole hill compared 
with the mountains and hills behind you on 
Vancouver Island . This is another good 
illustration where the old chart , figure 8 in this 
case Admiralty Chart 576 is far superior in its 
depiction of topography than the modern Canadian 
chart , figure 9 , which relies on one 250 ' contour 
taken from topo maps. 

Spot Heights 

Spot heights of summits , and the top of 
cliffs, are important as they enable a mariner to 
predict the distance at which he may see the 
object visually or on radar . Therefore many more 
spot heights are to be shown than has been our 
practice . Many features, such as tapering 
mountain summits, can be seen a long way to 
seaward, yet will not be visib l e on radar due t o 
the land formation . As extreme accuracy is not 
important, where no height is given on either the 
field sheet or topo map, it should be estima t ed 
by adding half the contour interval to the height 
of the nearest contour. Where a spot height 
is derived in this way, no dot will be shown . 
More preferably the hydrographer should obtain an 
accurate height by survey. The Hydrographie Data 
Centre at H.Q. has on file many of the compi lation 
drawings for the 1:250,000 maps of the Arct i c . 
These were drawn at a scale of 1:125,000 and the 
sheets of the outer coast have 100' contours . 
This would enable more accurate spot heights t o be 
derived than from the published maps which only 
show 500 ' contours . 

Cliffs 

One of the topographie features on 
which the CHS has allowed itself to be too heavily 
influenced by topo graphie maps is the use of the 
cliff symbol. In Europe, hill shading and rock 
drawing is regarded as the highest expression of 
the cartographers art . In Canada , probably under 
the influence of engineers , the cliff symbol 
rarely appears . Figure 10 shows a general 
analysis of the coastal landforms of Canada , 
excluding the Queen Elizabeth Islands. This 
clearly shows that cliffs are the predominant 
landform yet these are not shown on our main 
source document. Another odd point is that no 
technical definition of a cliff appears to exist. 

The NSICC specifications are extremely 
lucid on this subject, 

"A Steep Coast, i.e ., a coast backed by 
rock or ear th cliffs, gives a good 
radar return and is useful for visual 
identification from a considerable 
distance off , where cliffs alternate 
with low lying coast along the shore­
line. Where cliffs are prominent 
features they should be char t ed on 
scales larger than 1 : 500,000 generally 
as an exception, wher e cliffs pre­
dominate over extensive stretches of 
coastline , it may be neither feasible 
nor particularly useful t o insert a 
cliff symbol throughout. Cliff-top 
heights are useful for calculating or 
es timat ing distance off, (for clearing 
inshore dangers) and should be shown 
where possible. 

A steep coas t shall be represented by 
the accompanying symbol , with the 
c l iff crest in its true position of 
the largest scales . On medium scales 
the crest may have to be displaced 
inland slightly for the symbol to be 
drawn clearly . 

Where it is considered desirable to 
distinguish between different types 
of steep coast the above symbol 
should be used t o represent a coast 
with rocky cliffs and, where the 
rocky symbol is not appropriate, 
hachures should be used thus: 

(Para 312 .1) 

Figure 11 shows North Kent Island, 
between Hell Gate and Cardigan Strait as it 
appears on 1 : 500 ,000 Chart 7950. Figure 12 which 
shows the north and south coas ts of the island 
taken from 1:75,000 chart 7930. I think the 
larger extract shows the economies that could be 
achieved on this type of coast , which is so 
typical, by using the cliff symbol rather than 
drawing large numbers of contours close together. 
It wo uld also give the mariner a more immediate 
appreciation of the nature of this inhospitable 
coast . The 1:500,000 chart with its reliance on 
a 300m (originally 1000 ' ) contour interval is a 
complete disaster in this respect as can be seen 
by looking at the photograph on page 406 of the 
Pilot of Arctic Canada , Vol. II . The northern 
part of the 1:75,000 chart shows a rather more 
subtle point . At the west end at ' A' there are 
probably cliffs 120m high and at ' B' probably 
cliffs which reach 150m at the highest point . 
These would be good radar targets and sho uld 
certainly appear on the 1 : 500 ,000 chart but 
unfortunately no attempt was made to interprete 
this information from the larger scale chart . 
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Figure 13 shows the better appreciation 
that existed one hundred and fifty years ago when 
Cap t . Bayfield surveyed Lake Huron. His practice 
of using roman numerals to show the height of the 
cliffs is not recommended for modern usage , in 
fact I wonder how many Victorian navigators were 
ins tantly able to convert " CCXXX to CLXXX" into 
"230 to 180 feet " ? 

Glaciers and Ice-caps 

Ice- caps and glaciers should always be 
shown on medium and small scale charts, if it is 
physically possib l e to see them from seaward 
because of their conspicuous appearance . 
Extensive icefields may also be useful even if 
they are not directly visible as they lighten the 
sky above them . Glaciers that reach the shore­
line must always be shown to warn the navigator 
of t he risk of calving icebergs . 



81 

-73---------------------1----

51 

79 

01 
123 

154 

_1_ - 126 
117 

CAB O TS HEAD 

Limuh1ni!dirl . 

• ,fl,,,n/ rt'port,d by 
• Lidl.t.J.-,,,J..vo n . • 

159 

104 ~? 
'\-.\ 

128 

(=t4 3 

126 

/ 
/ 

JJA ,,., ,./ 

.lÎU7>ri .u: ,f/to«J , IJ I 
! l~.rt wnbr , wy,. ,..... 

0 .s•• 

110 

13C 

132 

Figure 11 . Chart 7950 Jones Sound, ... 1974 
Scale 1:500 , 000 

150 

~ 
166 

Figure 12 . Chart 7930 Hell Gate and Cardigan Strait. 
1974. 1:75 , 000. 

Figure 13. Lake Huron Sheet III , Surveyed by 
Capt. W. H. Bayfield, 1822. 



Figure 14 . 

Admiral ty Chart 1:48 
Gibraltar Bay 196 
1 : 25,000. 

" i 

) 

82 
Sll : 

81 



83 
Conspicuous Objects 

The hydrographer will con tinue t o show 
the l oca tion and description of conspicuous 
features on hi s fie ld sheets , as r equired by 
exis ting Standing Orders. The fie ld sheet wi ll 
continue t o be the pr imar y source fo r th is 
information for t he cartographer . The hydro­
grapher should r emember that i n surveying the a r ea 
he had the benefit of numerous sounding marks 
established f or the pur pose . These will la r gely 
have disappeared when f uture revisory s ur veys a r e 
carried out and only those which wer e permanently 
marked will be shown on the chart . The hydro ­
gr apher should the r efore consider the needs of 
the hydrographer making r evisory su r veys and show 
on his fiel d sheets points which could serve this 
purpose. 

Small Craft Charts 

As one of t he pr imary pur poses of small 
cr af t charts is to s t imul a te tourism, as well as 
to serve the needs of recrea tional boaters, these 
charts s hould serve t he needs of a combined map 
and char t. This is necessar y as topographical 
maps are not so readily availab l e and thei r sheet 
limi t s would often r equire a boater to carr y an 
inordinate numbe r to cover his cruise . The 
amount of topo gr aphie and cultural informat ion 
tha t can be eliminated wil l the r efo r e be less than 
on a s t andard chart . The hydrographer should also 
be a l ert t o other informa t io n such as histori e 
sites, e t c. , which should be identified . 

The Task of the Cartogr aphe r 

The main t ask of the car t ographe r in the 
future will be t o compil e a mosaic of the best 
available topographie maps which the hydro graphe r 
wil l then a nno t a t e in the field . These will 
usually be the Nationa l Topographie Services fo r 
medium a nd small scale charts . Fo r large scale 
charts, especially major ha rb our s , the carto­
grapher should check to see if the municipality 
or province has had their own large scal e pl o t s 
prepared. 

If a guide t o the t opographie infor­
mation to be s hown, selected in acco rdance t o the 
criteria described, is no t available the Regional 
Hydrographer is t o be asked t o name a hydrogr apher 
familiar wi th the a r ea to assist the cartogr apher 
in making his selection. A r eview of exis t ing an d 
cancelled charts of the area should a lso be made 
to see if any exist where the topogr aphy was 
compi led by a hydrographer. These wil l usually 
provide a goo d guide as to what should be shown . 
For northern and Arctic wa t e rs the oblique tr i ­
metrogon pho to gr aphs may also be useful, 
especially in determin i ng whe r e the clif f symbol 
should be used . 

Conclusion 

The obvious question i s what will a 
chart prepared using these criteria look like . 
Figures 14 and 15 are taken from Admiralty Chart 
1448, Gibraltar Bay, published in 1968, amongst 
t he earliest of thei r new metri c format . In its 
depiction of topo graphy it is in fac t close t o the 
NSICC specifica t ions excep t that these sta t e that, 

" Formlines shal l be shown as continuous 
lines, preferab l y made bolder in the 
SE quadrant to r ep r esen t li gh t coming 
from the NW . " (Secti on 351. 6) 

This is going back to a r a the r similar method 
used in fig ur e 3 . 

It wi ll be noted that these charts have 
a clean unclutte r ed appearance but a ll of th e 
essential information needed by the mariner is 
the r e . 

It has taken ove r two hundred years for 
the pend ulum to swing from the days of James Cook, 
when he pr obably put as much time i nto s urveying 
topography as he did hydrography, through the 
days when the Canadian Hydro grapher left it to 
the compile r t o copy the topo maps, back to the 
present wher e we a r e again putting the onus back 
on the hydrographer. I only hope tha t they wi ll 
r espond to t ha t challenge as wel l as Cook did . 
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Automated Hydrography and its 
Impact on the Working Hydrographer 
W orkshop Session 1 
Chairman's Summary 
J. LARKIN 
C.H.S. Pacifie Region 

Both Workshop presentations followed the 
sarne format. Each speaker was allowed five min­
utes for his presentation , and a brief rebuttal 
period followed the third speaker . The chair 
then opened the workshop to the floor , and the 
panel responded to a variety o f questions and 
challenges . In both sessions response was excel­
lent, and , lirnited by tirne , the chair was forced 
to close both sessions before recognizing all who 
wished to participate . The following is a brief 
surnrnary of each presentation . 

The first speaker, Rob Trip e , indicated a 
new role for the hydrographer . This would have 
the hydrographer present a digital field sheet, 
and also have hirn actively involved in the chart 
production process. 

Several factors rnake this an ideal tirne to 
irnplernent this proposal . Decentralization of 
chart constructi on to the regions is now a reality. 
This fact lends itself to a coordi nated approach 
to chart compilation . A second factor is the 
advance made in data acquisition in the last 
decade . Logging and processing of bathyrnetry is 
now well in hand. Present techniques do not 
require the full resources of a field party to 
process , edit and plot the bathyrnetry . This frees 
the rernainder of the party to proceed with 
assernbl ing and digitizing all other data which 
appear on the fie l d sheet. Eventually, the con­
ventional field sheet coula be presented in 
digital forrn on a suitable computer compatible 
medium . 

In order to achieve full benefit frorn the 
plan the hydrographer should be encouragea to 
think in terrns of the chart rather than the 
field sheet . One rnethod of achieving this would 
be to assigna field party to a block of charts 
over a period of several years. Normal field 
work would be performed during the surnrners , and 
the winters could be spent working alongside the 
cartographie group in compilation of the data to 
chart format. 

Advantages inc~ude rnaking rnost efficient use 
of rnanpower being made available through irnproved 
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acquisition techniques , at the sarne tirne providing 
more responsibil i ty i n the chart compilation pro ­
cess , thereby re l ieving sorne of the tediurn of 
autornated data collection . By being involved 
with a block of charts over an extended period 
the party could rnake more efficient use of field 
survey tirne. 

The coordinated effort of the hydrographer 
and cartographer could be rnutual l y beneficial , 
and would allow concurrent survey and compi l ation 
processes, thereby speeding up the production of , 
and irnproving the quality of the final product, 
the chart. 

Tirn Evangelatos briefly described the present 
status of computer assisted chart construction and 
outl i n ed how autornated rnethods rnight affect chart 
production. 

Although rnuch has been said and written of 
autornated cartography , at the moment chart compi ­
lation is still a rnanua l process which requires 
speci a lized skills. At headquarters , for new 
charts , the automation cornes later . The rnanually 
prepar ed compilation sheet is being digitized 
rnanually and drawn autornatically. A logical 
extension would be to now automate the compilation 
stage . Is this feasible? 

Anyone who becornes farniliar with the power 
and limitations of the computer quickly discards 
the s i mple view of an autornated system where the 
field data goes in atone end and the chart cornes 
out the other . The computer will only satisfact­
orily perform the more straightforward rnechanical 
functions . The hydrographer and cartographer will 
still have to rnake the important decisions . 
Another major hurdle is that rnost of the data 
required is in graphie forrn. The compiler must 
study all availabl e documents pertaining to the 
chart area . Collecting and sifting through all 
the information frorn this rnyriad of field sheets , 
charts , engineering plans and drawings , etc . , 
etc., rnost at different scales and projections, is 
a very tirne - consuming task. To automate this task 
would be very desirable, but would require all of 
these source documents to be in digital forrn . At 
the present tirne we do not have the resources to 
do this . 

Frorn all of th i s it seerns clear that until 
all source documents are in digital form we cannot 
think of autornated compilation . We should , how­
ever , consider computer assisted compilation . To 
demonstrate the feasibility of this , chart 8015 is 
being done this way. The over one dozen field 
sheets involved were photographical l y reduced to 
chart scale, contoured , and then the contours and 
selected soundings were digitized . These data 
were mosaiced by the computer and the digital out­
put was edited where necessary using GOMADS , our 
interactive graphies system . For the foreseeable 
future , the sounding selection will remain a 
manual process , but could be done through a display 
terminal if working from digital field sheets . 

Once the chart is published the problem 
remains to rnaintain it . Sorne regions keep a 
maintenance copy where all new and significant 
data for the area are noted, and readily available 
when a new edition is to be prepared. Formaliza ­
tion of this approach has been suggested by Neil 
Anderson, which he calls the qualified data base. 
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It provides an orderly approach to the main ­
tenance of hydrographie data in the graphie form, 
but also coul d significantly reduce the volume of 
data to the extent that we could consider digi­
tizing it. 

The third panelist , Milton Hemphi l l , 
expressed a concern that automated hydrography 
may not yet be at astate where results can be 
complete l y trusted . Because of thi s the hydro ­
graphers workload has been increased . As well 
as maintain the automated equipment he must record 
and log manually as well . All of the data checks , 
scrutinizing of sounding rolls , manual data 
recovery and editing required after processing are 
all extremely time consuming . 

The hydrographer , however , has persevered 
through this period of adversity, and major break­
throughs are being made . As we are continually 
taxing our resources almost to the breaking point 
because of austerity and the ever-increasing 
demands for surveys , automation is a viable 
avenue to increased producti on within existing 
resources . It is time to push harder t ha n in 
the past for a foolproof system. 

Last fall I had the opportunity to evaluate 
an integrated navigation and processing package . 
Although it requires improvement in a number of 
areas , I was more than impr essed with i t s ease of 
operation and the continuous checks provided for 
all data col lected and recorded on tape. 

I can envisage the day in the very near 
future when using a similar system , one hydro­
graphie technician and one seaman wil l be all the 
bodies required on board a launch for t he system­
atic coll ection of data in l ess complex and open­
ended areas . Note the term hydrographie techni­
cian, not necessarily a full - fledged , highly 
trained hydrographer. The role of the hydro­
grapher will change very l ittle , but two of his 
most important tasks wil l be the necessary con ­
stant mon i toring , and comp ilation of resul ts 
obtained us i ng automated equipment . 

During the process of rescheming Atlantic 
coast charts as a prelude to metric conversion it 
became c l ear tome that not only some charts, but 
a large number of f i e l d surveys were overscaled . 
When automated hydrography becomes an absol ute 
reality , scal e of survey could have a tremendous 
impact . For example , using a system samp l ing at 
once a second, bath survey and compilation time 
could be considerably reduced if the base , pro­
jection and sca l e of the s u rvey and chart were 
i denti cal. The scale of t he s u rvey or the survey 
plot make l i t tle difference as l ong as all shoal s , 
hazards and contours can be delineated with 
suffic i ent accuracy and clarity for the final pro­
duct - the chart . 



Contract Surveys 
W orkshop Session 2 
Chairman's Summary 
T.D .W . McCULLOCH 
Ocean and Aquatic Sciences 
Central Region 

The Chairrnan opened the session by brief l y 
describing the Canadian context and background 
regarding contracting out . He quoted the Gl assco 
Commission 1963 Report which underlined the need 
for goverrunent sides to encourage and allow 
industry to take a bigger role in research and 
development and the Stewart-Dickie Report, 1971 
which emphasizes that growth in hydrographie 
surveying activities should be handled by t he 
private sector; the influence of the "Make or 
Buy" Phase I and Phase II documents, the thrust 
into contracting i n Georgian Bay in 1972 terrnin­
ated by lack of funding in 1976. 

The Chairrnan briefly touched on the exper­
ience of other countries such as the U.K. with a 
huge survey industry stimulated by North Sea act­
ivities, the hope that something similiar even if 
srnaller might develop in Canada and that with 
hydrocarbons in short supply there would be a 
frantic search in the nearshore over the next 
quarter century and that that requirement and the 
law of the sea and its implications made it in­
curnbent on Canada to es tablish and maintain a 
viable worldwide off~hore survey industry . 

The first panelist , S. MacPhee spoke on what 
could and should be accomplished by contract. He 
pointed out that contracting is not new to hydro­
graphy in Canada , that ships have been chartered 
for hydrographie operations for more than 25 years. 
In addi t ion, positioning systems have been provid­
ed , helicopters have been chartered, equipment has 
been repai.red just to mention a few of the parts 
of the hydrographie programme that have been carr­
ied out by the pri vate sector. Mr. MacPhee then 
discussed the Glassco Commission , the Senate 
Special Committee on Science Policy , the Science 
Council of Canada "Ad Mare: Canada l ooks at the 
Sea", and our reaction to these documents by con­
tracting out surveys during the years 1972 to 1975 . 

These surveys were terrninated due to lack of 
funding. However the C. H.S . l earned a l ot about 
contract surveying and some companies learned a 
lot about hydrography. Four points were partic­
ularly noted at the terrnination of this learning 
period: 
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1) without adequate resources and a long­
range p l an neither goverrunent nor industry 
will benefit; 

2) the conduct of even a straight-forward 
hydrographie survey is a unique activity 
requiring a high level of specialized 
expertize; 

3) the idea of automatically selecting the 
lowest bidder is out of the question; 

4) constant on-the-job monitoring is essen­
tial. 

In April, 1977 the T.B . directive on policy 
and guidelines on contracting out the goverrunent 's 
requirements i n science and technology was publish­
ed and supported the requirement for a continuing 
hydrographie capability in the private sector . 
That sarne year as part of a Zero A Base Review, a 
special report on contracting out of hydrography 
was completed for the Deputy Minister . Two addit­
ional points surfaced from that report: 

1) Is it of optimum benefit to the taxpayer 
to deve l op an i ndustrial capability if it 
is to remain soley dependent upon govern­
ment funding? 

2) The area of liability . 

Mr. MacPhee indicated that as a result of 
these concerns, the C.H. S. has recommended that al l 
surveys in the intricate inshore and all chart 
production for navigation charts should be done by 
goverrunent , at l east until a nurnber of Canadian 
compani es have become sufficiently proficient in 
offshore surveys and in surveys for pleasure boat­
ing to warrant further consideration . He indicated 
also that C. H.S. have recornrnended that the follow­
ing functions are immediately arnenable to contract­
ing out: 

1. Offshore surveys and the production of 
natural resource maps; 

2. Hand arnendrnents t o charts in stock; 

3. Aerial hydrographie devel opment; 

4. Software development beyond and "in­
house" experise; 

5. Pleasure craft charts ; 

6. Engineering surveys; 

7. Associated aerial photography, reprograp­
hie funct i ons and the preparation of type . 

He surnrnarized as follows : 

1. Recornrnendations have been made on what 
should be contracted and what should be 
maintained in-house . 

2. A set of rating factors has been set up 
for evaluating industry submissions. 

3. A set of Standing Orders t o be followed 
by industry has been prepared. 
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In conclusion he noted that the one remaining 

requirernent that is to be met is the availability 
of a stable source for contracting activities. 

He was followed by G. Henderson whose talk 
was entitled "A Regional Viewpoint" . He noted 
that past experience has shown that although the 
private sector in Canada noes not fully appreci­
ate all the cornplexity of hydrographie surveying 
it has a dernonstrated cornpetence in hydrographie 
activities. The critical factor in hydrographie 
surveying is an appreciation of the inter-relat­
ionships between the various disciplines and the 
implications of each towards all the others. The 
rnerging of relevant aspects of each discipline to­
wards the compilation of a unique hydrographie 
data structure for any particular area has histor­
ically been the role of the professional hydro­
grapher. Although =rnpetence in each of various 
disciplines rnentioned unquestionably exists, the 
private sector has had, until fairly recently, no 
incentive to develop expertise in the field of 
hydrography or, more sirnply , to "put it together" . 

The necessary installation of this expertise 
will best be accornplished, initially, by foster­
ing a co- worker environrnent under the terms of 
reference of a contract . Two options are avail­
able under this arrangement - either hydrographers 
go to work with private industry or private indus­
try cornes to work with the governrnent . In rnost 
respects, the latter appears to be the more real­
istic and workable approach. 

As the contracter develops a dernonstrated 
cornpetence in more cornplex areas of hydrography, 
the hydrographer's involvernent will decrease to­
wards the eventual position of a monitoring and 
inspecting agent only . During the course of this 
training and developrnent period, the contracter 
should have access to a ll existing hydrographie 
training prograrns within the Service. 

Finàl batter at the plate was R. Brocklebank, 
President of McElhanney Surveying & Engineering 
Ltd ., Vancouver . He ernphasized how pleased he was 
to be given the opportunity to discuss contracting 
out hydrographie surveys as his Company is one of 
the few in Canada that has sorne capability and 
experience in certain types of hydrographie survey­
ing including offshore positioning. He also rnent­
ioned Phase II "Make or Buy" and indicated that 
although this document has been in circulation 
throughout the public sector for sorne tirne it is 
disconcerting to find that the rnajority of govern­
rnent agencies rnost aff_ected by the policy appear 
to be resisting the contracting out strenuously. 
It is nota question of whether the C.H.S. should 
contracta substantial portion of their activities 
but one of a rnethodology for irnplernentation and 
scheduling of the transfer. Only sorne 6% of the 
total expenditure of 1,664M on scientific activit­
ies in 1977/78 will be contracted to industry, a 
percentage which has not increased over the last 
several years. Although T.B. policy and guide­
lines are specific and clear, if one tries dili­
gently enough, sorne "loop-holes" to circumvent 
these rnay be found . He suspects that a lot of 
tirne and energy is being expended by affected 
federal agencies to develop arguments against 
contracting-out by their subjective interpretation 
of a few phrases in the guidelines. 

There is only lirnited capability currently 

existing in the private sector for performance of 
the scope of the activities carried out by the 
C. H. S. "Lean" market dernands explains the lirni ted 
capability . The Canadian private sector capability 
that does exist has been developed largely through 
engineering surveys for harbour developrnent, under­
water structures and utility lines and positioning 
surveys for the offshore petroleum industry. 

In a free enterpri se system cornpetitive capa­
bility is created rapidl y wherever there is a 
market opportunity to be serviced. Sirnilarly , it 
is rare that an export market can be developed 
where a dornestic base does not or has not existed. 
Wi th a "lean" dornestic market, not only is i t 
difficult to export expertise and services, it is 
equally difficult to cornpete with strong foreign 
cornpanies striving to "skirn the crearn" off the 
Canadian home market . 

In his opinion the science of hydrographie 
surveying is no more difficult for the private 
sector to execute than rnany other types of profes­
sional and technical services it has a l ready 
successfully carried out . And he proposed that 
this capability , cornbined with the governrnent ' s 
stated intention to ensure maximum industrial part­
icipation in ocean management, justifies the cont­
racting-out of hydrographie survey prograrns to the 
private sector . 

An analogous rnodel for cornparison can be 
found in the Canadian aerial survey industry. 
Many sirnilarities exist between aerial and hydro­
graphie surveying. Both have a graphical portray­
al of physical information as a normal end product, 
technologies have becorne equally sophisticated , 
rneasuring equiprnents are both cornplex and costly, 
expensive p l atforms are required for the rneasuring 
or sensing instrumentation, data collection is at 
the rnercy of the elernents , and rnany others . The 
prirnary dornestic and export markets for industry 
of regional and national topographie rnapping and 
of engineering surveys for resource developrnent 
are aslo sirnilar. 

The aerial survey industry was in an ernbryo 
state 25 years ago. Contracting-out by the 
federal governrnent allowed the industry to estab­
lish a dornestic base frorn which to export success­
fully. Canada today has an enviable international 
reputation in the field of aerial surveying as a 
result of private sector initiative nurtured by 
federal governrnent support. Last year the aerial 
survey industry earned $50 million, $1 7 million of 
which was in the export business in which Canadian 
industry was able to project its expertise inter­
nationally. Today, thanks to the current contract­
ing-out policy , the aerial survey industry is look­
ing forward to renewed irnpetus through increased 
participation in the national rnapping prograrn. 

The Chairman congratulated the panelists on 
their excellent presentations and invited the 
audience to participate in the workshop. Severa! 
interesting discussions ensued. C. Champ express­
ed the fee ling that perhaps the wrong audience was 
being addressed and that such a presentation would 
better be made to the oil cornpanies. M. Bolton 
disagreed and noted that the fault lay with the 
bureaucracy and that it was the bureaucracy that 
must exert itself and overcorne the inertia to 
enable success in the "Make or Buy" prograrn. 
Severa! participants supported the contention that 



the biggest barrier ta success was an entrenched 
civil service. Admiral Powell, N.O.S. and R. 
Brocklebank had considerable discussion regarding 
liability with the view prevailing that liability 
perse in this issue may be largely a "red 
herring". Panelist MacPhee defending the bureau­
cracy underlined the fact that continuity in 
programming only cornes through government. G. 
Collins demonstrated several times that he and the 
Department of Supply and Services are agreed t o 
play an active role in ensuring the effectiveness 
of contracting out. Many other individuals 
involved themselves in the discussion and I take 
this opportunity to thank all for making the work­
shop such a success. It was particularly note­
worthy at the first session where discussion and 
involvement was lively and continuous. At the 
second session, not sa well attended, participat­
ion was somewhat forced and artificial. However, 
altogether a thorough on-going success which 
should be repeated at a future conference where 
one can assess whether it is all just "pie in the 
sky" or a very early real step in establishing a 
new, strong Canadian industry. 
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Contract Surveys 
R.A . Brocklebank P. Eng. 
McE/hanney Surveying and Engineering Ltd. 
Vancouver, B.C. 

Abstract 

Federal government policy regarding Canadian 
scientific activities advocates increased 
contracting- out of ocean management related 
programs to the private sector. Since first 
being recommended by the Glassco Commission 
in 1962 , implementation of the policy has 
been slow, particularly in the science of 
hydrographie surveying . This mini - paper 
contends that the priva t e sector ' s existing 
embryo capability should be nurtured and 
that it would be of .optimum benefit t o 
Canada t o do so. A request t hat the Canadian 
Hydr ographie Service increase its contrac t ing­
out is made . 

It is a pleasure fo r me as a representative of 
the private sector , ta have t his opportunity 
ta discuss the ques tion of contracting- out 
hydrographie surveys . I accepted this honour 
with some trepidation, as I cannot claim ta be 
trained or experienced in the science a nd art 
of hydrographie surveys . However, the company 
I represent is one of the few in Canada that 
has some capability and experience in cer t ain 
t ypes of hydrographie surveying including 
offshore positioning . Also, representing the 
interes ts of industry--which_ unfortunately is 
usually in an adversary role with government-­
before an audience predominantly governmental, 
makes one feel like the proverbial skunk a t the 
t ea party ! 

The federal government's policy regarding the 
contracting-out of scientific activi ties is 
clearly stated in the 'Policy and Guidelines 
on Contracting-Out the Government's Require­
ments in Science and Technology' P.Ublished in 
April 197 7 by the Treasury Board.(l) As thi s 
document has been in circulation throughout 
the public sector fo r some t ime , it is dis­
concerting from the private sec t or's view­
point, t a find that the majority of govern-
ment agencies most affected by this policy 
appear ta be r esisting contracting-out 
strenuously . Ta my mind it is nota question 
of whe ther the Canadian Hydrographie Service 
should contr acta substantial proportion of 
their activities, bu t one of a me thodology for 
implementation and scheduling of the transf er. 

Historicall y , the contracting-out (make or buy) 
policy was recommended by the Glassco Connnission 
in 1962. A decade later it was endorsed by the 
Ministry of State for Science and Technology , 
and was further def ined and expanded by the 
Treasury Board in 1976 t a encompass a ll 
"related scientific activities", including 
" scientific data collection" and the spec ifica l ­
ly noted examples of "routine geological, 
hydrographie , oceanographic and topographie 
surveys". (l) Implementation is proceeding 

very slowl y . Only some 6 percent of the total 
federal expenditure of $1,664 millionC2) on 
scientific activities in 1977/78 will be con­
tracted to industry- - a percentage which has not 
increased over the l as t several years . (2 ,3,4&5) 

Although the Treasury Board Policy and Guidelines 
are specific and c lear, i f one tries diligently 
enough, some "loopholes" to c ircumven t its 
acceptance may be found. I suspect a lot of 
time and ener gy is being expended by affected 
feder a l agencies in developing argumen ts against 
contrac ting-out by their subjective interpreta­
t ion of a few phrases in the guidelines . 

Five of the six criteria statements relating t o 
security; maintenance of limited i n-house 
competence; support to a regulatory f unction; 
up-keep of national standards; and the retention 
of federal testing and research facil ities, a ll 
for justification of some in-house performance, 
cannot , in my opinion , be construed to preclude 
contracting- ou t a substantial proportion of 
CHS ' hydrographie surveying . These a rguments 
against contracting-out, I submit, will not 
for long s tand objective scrutiny under t he 
policy as stated. 

One criterion however forms the basis upon 
which the decision of con tracting- out of CHS 
services must hinge . This criterion states, 
"A depar t ment would f ulfill a r equirement 
in-house ... where the science and t echnology 
capability needed to per form the mission of 
the department is inappropriate to the private 
sec t or , or does not exis t in the private sector, 
and it would not be of optimum benefit to 
Canada to crea t e one . " This question needs t o 
be addressed seriously by all concerned . 

As the CHS knows, and the private sec tor must 
admit, there is only limited capability 
currently existing in the Canadian private 
sector for performance of the scope of the 
activities carried ou t by the CHS . Of the , 
perhaps , dozen Canadian companies with some 
capabili t y and experience in hydrographie 
surveying, only five are listed in the r ecent 
Department of Industry Trade and Commerce ' s 
publication " Ocean Industries Canada " . (6) 
"Lean" market demand explains the limited 
capability . The Canadian private sector 
capabil ity that does exis t has been developed 
l argely through engineer ing surveys fo r harbour 
development, underwater structures a nd utility 
lines, and positioning surveys for the offshore 
petroleum industry . 

In a free enterprise system competitive capa­
bility is created rapidly wherever there is a 
market opportunity t o be serviced . Similarly, 
it is rare that an export market can be 
developed where a domestic base dèes not or 
has not existed. With a " lean" domestic 
market, not only is it difficult to expor t 
exper tise and serv ices, i t is equally difficult 
t o compete with s trong foreign companies s t riv­
ing to " skim the cream" off the Canadian home 
market . 

The basic question to be answered by CHS then is: 
"Is this capability appropriate to the private 
sector and would it be of optimum benefit to 
Canada ta create such capability in the private 



sector?" As an embryo competency already exi sts, 
a mature capability could be developed naturally 
by "nurturing" rather than "creat ing" . 

In my opinion the science of hydrographie 
surveying is no more difficult for the priva t e 
sector to execute than many other t ypes of 
professional and t echnical services it has 
already successfully carried ou t. And I 
propose that thi s capability, combined with t he 
government ' s stated intention to ensure maximum 
industrial partic i pation in ocean management( 7) , 
justifies the contracting-out of hydrographi e 
survey programs to the private sector. 

An analogous mode! for comparison can be found 
in the Canad i an aeria l survey industry . Many 
similarities exis t between aerial and hydro­
graphie surveying . Both have a graphica l 
portrayal of physical informa tion as a normal 
end product, technologies have become equa lly· 
sophisticated, measuring equipments are bo t h 
complex and cos tly , expensive platforms are 
required for the measuring or sensing instr u­
mentation, da t a collection is a t the mercy of 
t he elemen t s , and many others. The primary 
domestic and export markets for industry of 
regional and national topographie mapping and 
of engineering surveys for resource develop­
ment are also similar . 

The aerial survey industry was in an embryo 
state 25 years ago . Contracting- out by the 
federal government allowed the industry to 
establish a domestic base from which to export 
successfully . Canada today has an enviable 
international reputation in the fi eld of 
aeria l surveying as a result of private sec t or 
initiative nurtured by federal government 
support. Last year the aerial s urvey industry 
earned $50 million, $17 million of which was in 
the export business in which Canadian industry 
was able t o project its expert ise inter­
nationally. CIDA contracts accoun ted for 
about one-third of the export volume. Today, 
thanks to the current contrac ting-out policy , 
the aerial survey industry is looking forward 
to renewed impetus through increased par tici­
pation in the na tional mapping program . 

finally , as just one spokesman for the priva t e 
sec t or, may I express the hope tha t the 
Fisheries and Marine Service Branch of 
Environment will increase its support of 
industry by contracting- out a significan t 
proport ion of its allocated $88 million in 
current annua l science spending C2). 

Thank you . I look forward t o the forthcoming 
discussions. 
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Contract Hydrographie Surveys 
A Regional Viewpoint 

G.W. HENDERSON 
C.H.S. Atlantic Region 

For a number of years now, there has been 
considerable discourse throughout the public and 
private sectors on the possibilities of contract­
ing out hydrographie surveys in Canada. The 
Canadian Hydrographie Service has, during this 
period, ventured to the extent of contracting out 
a number of projects, some of which have come 
closer to meeting expectations than others. 

The release of Treasury Board's "Policy 
and Guidelines on Contracting Out the Government's 
Requirements in Science and Technology" in April, 
1977 added further fuel to the fire by directing 
federal departments to identify those activities 
which have to be done inhouse and then to develop 
a plan to eventually relinquish all other activi­
ties to the private sector. 

The subsequent study carried out by the 
Canadian Hydrographie Service, identified among 
others, the following activities which could 
possibly be let to contract: 

(i) the offshore, milti-parameter 
survey program; 

(ii) some of the surveying and chart 
production for recreational boat­
ing and restricted pleasure craft 
operation; 

(iii) engineering surveys for marine 
construction; and, 

(iv) an increase in the number of ship 
charters. 

The report excluded the possibility of 
contracting out coastal and inshore hydrographie 
surveys, 

In the light of today's budgetary climate, 
the Canadian Hydrographie Service must anticipate 
that its resources are going to remain static for 
quite some time to come, With the ever increas­
ing demands for our services, these resources are 
being directed more and more towards small, high 
priority projects at the expense of our systematic 
coastal charting programs. 

Consequently, from a regional viewpoint, 
the prospect of contracting out all types of 
hydrographie surveys is seen as a viable approach 
to coping with the present backlog situation. 

Past experience has shown that although 
the private sector in Canada does not fully 
appreciate all of the complexities of hydrographie 
surveying, it has a demonstrated competence in 
many aspects of the profession. Credence is given 
to this fact by the inclusion of data from prev­
ious contract surveys into published navigat ional 

charts. 

Hydrography, today, embraces a working 
knowledge, to varying degrees, in a multitude of 
disciplines, including astronomy, physical and 
geometric geodesy, surveying, photogrammetry, 
oceanography, geology, geophysics, hydrology, 
hydraulics, computer science, electronics, and 
seamanship and navigation, to name but a few. 

The critical fac t or in hydrographie survey­
ing is an appreciation of the interrelationships 
between the various disciplines and the implicat­
ions of each towards all the others. The merging 
of relevant aspects of each discipline towards the 
compilation of a unique hydrographie data struct­
ure for any particular area has historically been 
the role of the professional hydrographer. Al­
though competence in each of various disciplines 
mentioned unquestionably exists, the private sector 
has had, until fairly recently, no incentive t o 
develop expertise in the field of hydrography or, 
more simply, to "put it all together". 

The necessary instillation of this expert­
ise will best be accomplished, initially, by 
fostering a co-worker environment under the terms 
of reference of a contract. Two options are 
available under this arrangement - either hydro­
graphers go to work with private industry or 
private industry comes to work with the government. 
In most respects, the latter appears to be the 
more realistic and workable approach. 

As the contracter develops a demonstrated 
competence in more complex areas of hydrography, 
the hydrographer's i nvolvement will decrease to­
wards the eventual position of a monitoring and 
inspecting agent onl y. During the course of this 
training and development period, the contracter 
should have access to all existing hydrographie 
training programs within the Service. 

Obviously, we are not discussing a short 
term, one-shot deal. Past experience again, has 
shown the drawbacks of an ad hoc allocation of 
funds and a piecemeal, single project approach. 

The program mus t be directed towards the 
systematic completion of relatively large portions 
of Canada's coastal and offshore zones by means of 
a comprehensive, package approach implemented as 
outlined above. On the part of government, this 
will require long term financial commitments and 
the design of an effective monitoring and inspect­
ing mechanism. 

Industry will have to prepare to demon­
strate its willingness co accept this commitment 
in an honest and sincere manner and to see the 
projects through to completion with the utmost 
integrity. 

Only through such a long term, compre­
hensive and co-operative approach to contract 
hydrographie surveys can we in the Atlantic Region 
hope to maintain a meaningful, systematic charting 
program in support of the hydrographie mandate in 
Canada. 



Con tract Hydrographie Surveys: 
What can and should be 
accomplished by contract. 
S.B. MacPh ee 
C. H.S. Ottawa 

ABSTRACT 

The Gover>nment of Canada has , over the 
past fifteen years , strongly advocated that a 
7:aFger proportion of Canada ' s r esearch and develop­
ment be done by the private sector . In confor­
mance with this demand the Canadian Hydrographie 
Service has done an extensive examination to 
determine what functi ons should be done "in- house " 
and what functions should be carried out by 
contract . In this short paper an attempt is made 
to summarize the result of this examination and 
provide some rationale for the decisions that 
have been made . 

Con tracting is not new to hydrography 
in Canada. To s upplement the existing comp l ement 
of government-owned vessels , ships have been 
chartered for hydrographie operations for more 
than twenty-five years. In addi tion, positioning 
systems have been provided through contract, 
helicopters have beeh char tered, equipment has 
been repaired and refurbished by contract and many 
other phases of the hydrographie program have been 
carried out by the private sector . In all the 
instances I have mentioned, the data have neverthe­
less been collec t ed , evalua ted and transcribed by 
hyd rographers working for the Government of 
Canada . 

The Royal Commission on Government 
Organization (the Glassco Commission) in the 
course of its mammoth study of the federal bureau­
cracy published a report in 1963 and centred one 
of their major points on the relative balance in 
the total Canadian resear ch effort among the major 
sectors of performance; the government, the 
universities and industry . The Commission felt 
that, compared to several o t her advanced countries , 
a disproportionately large part of Canada ' s 
research was performed in government and a corres­
pondingly small part in the industrial sector 1

• 

The Commission noted tha t one of the 
original purposes of public support of research 
was to encourage Canadian industry . It obse rved 
that " from being a primary goal this has, over the 
years, been relegated to being little more than a 
minor distraction - a desi rable but rather diff i­
cult task and cer tainly of less pressing urgency 
than other items on the progr am. " 2 It therefore 
laid great str ess on the need for the gove rnment 
science sector to allow and encourage indus try to 
perform a relatively greater role in research and 
developmen t . 

In 1967 t he Senate of Canada decided to 
establish a Specia l Committee on Science Po l icy. 
The Committee hear ings began i n March 1968, and 
the first volume of these hearings was published 
in December 1970 . In Volume I V of this Science 
Policy for Canada Series, publ ished in 1977, the 
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Senate Special Cornmittee concluded that a broader 
"make or buy" policy must extend to ongoing 
science and technical activities. 

In September 1971 the concept of contrac­
ting out hydrographie and other technological 
requirements was discussed when a Special Study 
for the Science Council of Canada entitled "Ad 
Mare : Canada Looks to the Sea" 3 was published. 
Under Responsibilities and Opportunities it was 
sta ted that: 

"Canada has had a systematic pr ogram in 
matine hydrography which has resulted in 
a great improvement in .the mapping of 
underwater topography surrounding our 
shores. However, there remains very much 
to be done . Emery 4 shows the Canadian 
continental shelf to be poorly or only 
fairly well-known in contras t to American 
and European ar eas . Our shorelines and 
shelves are so vast that no end is in 
sight for this work. Further, the 
increase in pleasure traffic and the 
demands of offshore oil exploration call 
for detailed mapping not pr eviously 
anticipated . In addition, bath wave 
climate information and the mapping of 
currents are much less complete than is 
desirable . One can thus anticipate a 
steady growth of hydrographie survey 
operations. 

It is our opinion that virtually 
all of this gr owth should take place by 
systematically contracting our surveys . 
The government in-house surveying capa­
bility need not expand, and could 
eventually even contract slightly . The 
Department of Energy, Mines and Resources 
will have to continue to take responsibility 
for the reliability of charts produced 
and for de t ermining priorities of areas 
and parameters to be charted. Increasingly , 
government duties should be concentrated on 
setting standards and ensuring quality 
control . More and more of the routine 
s urveying sho uld be let to contr act wi th 
private opera t or s. Contrac t s should not 
occupy the full capability of these 
operators , who would be expected to sell 
their services not only to the government 
but also to private concerns such as, for 
example , oil companies and private marine 
operators . Private survey vessels co uld 
also be available to be contracted as 
research vessels by other government 
agencies and by universities." 

What the Stewart-Dickie report did, in fact , 
was to outline the requiremen t to create and main­
tain an effective hydrographie survey industry in 
Canada . This , coupled with several other similar 
initiatives provided some encour agement to the 
private sector and consequently the Canadian 
Hydrographie Service re ceived its first proposal 
to contracta major survey in early 1972. Tenders 
were called and in June 1972 a contract was let 
fo r a survey in Northwestern Georgian Bay . For 
this first contract, tend ers ranged from $45 ,000 
to $250,000. The contract was awarded at $89,000 
because of a good proposal, some experienced 
personnel and relatively low cost . The lowest bid 
was not accepted because of the unrealis tically 
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low estimate , poor proposal and the lack of unde r-
standing of the survey task . (It is interesting 
that the company submitting the highest bid had 
the best proposal reflecting the fac t that this 
firm_ full y unders tood the hydrographie survey 
requirement). 

In the years 1972-75, five contracts 
were let and over $1M was spent on contract 
surveys. Two of the surveys met CHS expectations 
but none exceeded them . However, the four years 
were a necessary learning period. The CHS learned 
a lot about contract surveying and several 
companies learned a lot about hydrogr aphy . Sorne 
of the points that came ta light were: 

1 . Without adequate resources and a long­
range plan , neither the government nor 
private indus try will benefit . In this 
instance , the fai lure ta prod uce a com­
petitive private hydrographie survey 
capability was largely due ta insuffi­
cient financial resources. In the years 
1972-75, funds could be obtained from 
a llocated resources ta car r y out surveys. 
When the funding was eut back in 1975, 
sa also was the contract survey activity . 

2. The conduc t of even a straightforward 
hydrographie survey is not just routine 
scientific data collection . It is a 
unique activity requiring a high level 
of specialized technical expertise . 

3. The idea of au t omatically se l ecting the 
lowest bidder is out of the question . 
Tender submissions must be evaluated 
according ta well-defined rating factors . 

4. Constant on- the-job monitoring is essen­
tial. Con trac t hydrographie s urveys 
were most effective when a senior hydro­
grapher followed the project through 
from beginning ta end . 

5. In a number of instances, companies bid 
on contracts merely ta get a foot in the 
door . In some instances, this factor 
accounted for the wide spread in tender 
prices. 

Due ta the lack of funding, the contrac t 
survey activity has been virtually non-existent 
since 1975 . The government did nevertheless 
evaluate the impact of the earlier contracting out 
by all departments and in April 1977 published a 
Treasury Board Directive outlining a "Policy and 
Guidelines on Contrac ting Out the Government's 
Requirements in Science and Technology" . 5 This 
directive clearly showed that the services being 
performed by CHS are subject ta the TB Guidelines 
on con tracting out , and once more po inted ta the 
requirement for a con tinuing hydrographie survey 
capability in the private sector. 

In August 1977, as part of a Zero A Base 
r eview in our depar tment, a comprehensive report 
on the "contracting out" of hydrography 6 was done 
for our Deputy Ministe r . Two of the more salient 
concerns that emerged at that time were : 

1 . Is it of optimum benefit ta the Canadian 
taxpayer ta develop an indus trial 
capability if it is ta remain solely 
dependent upon government funding ? 
Since the revenue from chart sales is 
less than 5% of the survey and chart 
production costs , and since it is a 
federal responsibility ta provide 
navigational charts, then the only major 
customer for extensive hydrographie 
s urveys is the Government of Canada . 

2. The second concern was in the area of 
liability. As marine casualties can 
cause extensive loss of life and 
property , the Crown faces a heavy 
liability if the products of the 
Canadian Hydrographie Ser vice a r e found 
at fault . The Assis t ant Deputy Attorney 
General (Property and Commercial Law) 
when asked ta comment , offered the 
fo llowing opinion : 

"The integrity of the Chart , the Mariners ' 
Bible is essen tial ta Canada ' s nat ional 
and international reputation . If all the 
essential steps of chart making are not 
carri ed out by the governmen t, with 
government resources and government 
people, then the ability ta provide 
legal proof of the data exhibited èn a 
chart may be impossible where the 
private industry who did the work has 
gone bankrupt or has ceased ta exis t and 
its r ecords destcoyed . Essentially , the 
problem with the concept of contracting­
ou t is that it does not give any weight 
ta the quality of the surveys and the 
promotion of national and international 
standards of hydrography and chart 
making . " 

As a result of our concerns , we have 
r ecommended that all surveys in the intri cate 
inshore and all chart production for navigation 
charts should be done by government, a t least until 
a number of Canadian companies have become suffi­
ciently proficient in offshore surveys and in 
surveys for pleasure boating ta warran t considering 
them for inshore naviga tional charting . 

We have recommended the fol lowing 
functions pe rformed by the CHS as immediately 
amenable ta contracting-out : 

1. Offshore surveys and t he produc tion of 
the associated natural re source maps 
showing the gravity and magnetic fields 
of the earth ; 

2 . Hand amendments ta char t s in stock; 

3. Aerial Hydrography development and pro­
duction opera tion; 

4 . 

5 . 

Software deve lopment over and above the 
level required ta maintain an "in-house" 
expertise; 

Pleasure craf t charts . There is a con­
flict here with the Charts a nd Publica­
tions Regulations issued by Transport 
Canada , but attempts will be made ta 
contract out the surveys and the chart 
pr oduction process; 



6. 

7 . 

Engineering surveys ; 

In the chart produc tion process f or 
commercial navigation charts; aeria l 
photography , reprographie functions, and 
the prepar ation of type . 

In areas whe re it is fe lt that contrac­
ting shoul d be done, tenders wil l be evalua ted 
according to the following factors: 

1. Scientific and Technica l 
strategy 0- 30 

2. Resources - Staff, 
Equipmen t 0- 25 

3. Company Histor y 0-15 

4 . Economie factors, Regional 
aspec t s and price 0-20 

5 . Canadian Content 0-05 

6 . Industrial Benefits 0- 05 

I personally feel tha t the number of 
points for Canadian conten t should be much higher. 
In the past, we have had tremendous co-opera t ion 
from th e science sector of DSS in contract monitor­
ing and we hope that it will continue. We a re 
investigating performance bonds, but have no t 
pursued this issue in sufficient detail to comment 
at this time. 

SUMMARY 

In summary the contrac t survey ques t ion 
has been addr essed in the following manner : 

1. Recommendations have been made on what 
should be contracted and what should be 
maintained in-house ; 

2 . A set of r ating facto r s to be used for 
evalua t ing t ender submissions has been 
discussed; 

3 . A set of Standing 0rders to be fo l lowed 
in the conduc t of s urveys has been 
prepared. 

The one r emaining requi r ement that must 
be met in order to have a viable hydrographie 
survey industry in Canada is the. availability of 
a stable source of funding for contract activities . 
It is quite obvious that because of the learning 
exper ience required, and the i nfras tructure that 
mus t be built up, in the initial yea r s contract 
surveys will be more expensive than "in-house " 
surveys . To date Treasury Board has not seen fit 
t o recognize this and a llocate additional funding. 
They must, if Canada is to have this much needed 
industry . 
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User D emands on Tidal and Current 
Groups within Hydrography 
Chairman's Summary 
Dr. W .D. FORRESTER_ 
C.H.S. Ottawa 

DISCUSSION: 

S. O. Wigen objected to the new policy of 
omitting bench mark information from hydrographie 
charts, stating that this information had been 
useful to surveyors and to hydrographers and 
chart compilers. Mr. Mooney and Dr. Forrester 
replied that this information was still available 
from the bench mark books, and that indeed the BM 
information that has been shown on charts is tao 
brief to permit recovery of the BM ' s. Reference 
of the chart daturas to national vertical daturas, 
such as Geodetic Datum, should make evident any 
changes in datum from chart to chart or from 
place to place on the same chart, should adequate­
ly document the chart daturas for future compilers, 
and could even be of more direc t assistance to 
local surveyors. It was conceded, however, that 
where reference to a national datum is not poss­
ible and local mean water level is nota reason­
able alternative, then indeed the datum of the 
chart would need to be documented by reference to 
bench marks. 

S. Dee asked whether it was still the 
convention to use the term "stream" t o refer to 
tidal motion, "current" to refer to non-tidal 
motion, and "flow" to r efer to the combination of 
the two. It was replied that while this termin­
ology, the British terminology , is still used in 
Canada, it is frequently replaced by American 
usages such as "tidal current, non-tidal current, 
and total current" . 

Mr. Dee commen t ed on the sparsity of 
current information as compared to that available 
for tidal elevations. Dr. Forrester replied that 
this is recognized and that efforts are being made 
to improve the situation. The problems are that 
currents are much more complex than the tides 
since they vary in direction as well as speed, 
they may be different at different dep t hs, and 
they can change drastically over a short distance . 
Because of these complications it is difficult 
bath to obtain meaningful observations and to 
provide accurate descriptions. Also, unfortun­
ately, only the Pacifie Region of the CHS has a 
specific group equipped for and dedica t ed to the 
study of currents. 

Dr. Forrester said that the tolerance of 
±1 foot between chart datum and sounding datum, 
referred to by Mr. Mooney , applies onl y to 
revision of old work, and that normall y the sound­
ings should be corrected as accurately as possible 
to chart datum. He also suggested Mr . Mooney's 
use of the terms "mean sea level" and "mean water 
level" might have been confusing, and that in this 
context the term "Geodetic Datum" should have 
replaced the term "mean sea level" . 

S, O. Wigen asked Mr. Mitchell about the 
accuracy and the currenty of tidal constituent 
data in the IHO Bank being operated by Canada. 
Mr . Mitchell replied that some mistakes had been 
found when the data was checked by the contribut­
ing states. Dr. Forrester stated that there is no 
regular schedule for updating data in the Bank, 
and that responsible agencies are expected to up­
date their contributions at any time they feel it 
is necessary or desirable. The update may take 
the form either of a replacement set or a supple­
mentary set of constants for a station. 

There was some discussion of the inconven­
ience of having different values for chart datum 
on the Canadian and U.S . sides of the internation­
al boundary. The difficulty of changing either or 
bath daturas was recognized in that any change by 
either nation would propagate from chart to chart 
along its coasts. Mr. Dohler noted that there are 
much stronger legal implications attached to the 
establishment of low water and high water daturas 
in the U.S. than in Canada. 



International User Demands on Tidal 
and Current Data within MEDS 
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Each year, the Marine Envirorunental Data 
Service (MEDS) processes water level data collect­
ed along the Canadian coasts, the Great Lakes and 
St . Lawrence River system. The Service archives 
the hourly water level data for later analys is. 
It is then used for the prediction of the tide. 
This function serves primarily a Canadian need. 
It is in our interest to understand better t he 
tidal propagation along our coasts in order to 
predict better the tidal currents and heights. 
The safe movement of the ships being our ultimate 
achievement. 

But since Canada does not live alone on 
this planet and that the tidal regime i gnores 
legal boundaries, it is only natural that most of 
tidal and water level data gets exchanged with 
the United States and other countries of the world. 

Stations from all coasts (Table 1) are 
used in a tidal prediction exchange program. The 
latest harmonie analyses available is used through 
four different prediction programs followed by 
formatting programs to produce the basic predic­
tions. The output information is then sent to 
various countries (Table 2) which participate in 
the exchange. 

Table 1. 

Tidal stations used in the predictions exchange 
program . 

Water 
Levels 

Saint John , N.B. 
St. John's, Nfld. 
Pointe-au-Pere, Que. 
Vancouver, B.C. 

Halifax, N; S. 
Pictou, N.S. 
Quebec, Que . 
Tofino, B.C . 

Argentia, Nfld. 
Harrington Harbour, Que. 
Victoria, B.C. 
Prince Rupert, B.C. 

N.S. 

i
Grand Manan Channel, 
Active Pass, B. C. 

Curren Seymour Narrows, B.C. 
Race Rocks, B.C. 
First Narrows, B.C. 

Present affiliation : Marine Environmental Data 
Service 
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Table 2 . 

Countries which participate in the tidal predic- · 
tion and exchange program. 

United Kingdom : Institute of Oceanographic 
Sciences 

Denmark: 

Japan: 

Germany: 

Argenti na : 

United States : 

Hydrographer of the Navy 

Royal Danish Hydrographie Office 

Hydrographie Department Maritime 
Safety Agency 

Deutsches Hydrographisches 
Institut 

Naval Hydrographie Service 

National Oceanic and Atmospheric 
Administration 

Most of the Great Lakes coastlines (except 
Michigan) belong to two countries, Canada and the 
United States. It is then obvious that each 
country is int erested in the water level data col­
lected by the other country . This is understand­
able when one considers the reservoir qualities 
of the system which is estimated from water level 
gauge reports from both coastlines . In order to 
do that, MEDS participates in the Physical Sub­
committee of the Coordinating Cornmittees of the 
Grea t Lakes Basic Hydraulic and Hydrologie data. 
Regular Exchange of water level information and 
weekly water level bulletins also take place be­
tween The State University College, Oswego, N.Y., 
the National Ocean Survey, Washington, D.C., the 
U.S. Corps of Engineers, Detroit, Mich., and the 
NUS Corporation, Maryland. 

Under the guidance of the Canadian Hydro­
graphie Service (CHS), MEDS has established an 
international data bank for the International 
Hydrographie Office ( IHO). The bank consists of 
harmonie constants for stations in all oceans 
around the world. The total number of stations 
exceeds 3500 from more than 100 different 
countries. It has been opened to customers but 
the data quality checking phase is still in pro­
gress. Customers must submit their requests to 
the IHO office i n Monaco, who in turn will contact 
the CHS, Ottawa . System 2000, a data base manage­
ment system, operates the bank. 

The coding of the IHO SP26 sheets began in 
1974 . In February 1976, a copy of all the infor­
mation was sent to each country member of the IHO. 
Many countries have replied with their comments 
and the bank is now being modified accordingly. 
Most of the inaccuracies found were not due to 
coding but mainly due to errors in the original 
sheets. 
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User Demands on Tidal and Current 
Groups within Hydrography 
B. MOONEY 
C.H.S. Atlantic R egion 

Knowledge of tides and currents is basic 
to Hydrography and Physical Oceanography. Our 
group's primary effort is of course, towards the 
needs of field hydrography in our region. But we 
also respond to requests from various other users. 

It may be to provide services to ocean­
ographers studying anything from the effects of 
sunlight on eel grass to numerical modeling of 
Tidal Regimes. Or possibly to provide tidal 
elevations to civil engineers who are builing 
dams, wharves or other coastal structures . Or fo r 
the general public we provide the "Clam Diggers ' 
Hot Line" (which is especially busy during months 
without "R's" in their name). 

There are two requests we receive directly 
or indirectly for which we can improve our 
response, by having, 

and 

1. the difference between Chart Datum 
(C.D . ) and Geodetic Survey of Canada 
(G.S . C. ) established wherever possible. 

2. the tolerance for adjusting Sounding 
Datum (S.D . ) to Chart Datum reduced from 
1 foot to 0.5 feet. 

Sorne of the benefits of referencing chart 
datum to G.S. C. datum (M.S.L . ) are: 

1. It allows direct comparison of datums 
on adjacent charts, especially in areas of over­
lap. (A special case of this situation is the 
boundary area between Canada and the United 
States in our region. For charts in this area 
soundings have to be compiled which are reduced 
to two different da t um planes. (Mean Low Water 
(MLW) U. S . and Lowest Normal Tides (LNT Can . ). 
If both datums were tied to G.S . C. the necessary 
correction needed to incorporate depths from one 
source to the other could be more easily and 
accurately determined. 

2. Provide a more meaningful note on the 
Chart. As of November 1977 Cartographie Standing 
Order (#77-27) requires chart datum to be refer­
enced to G.S.C. datum or M.L. W. (GSC preferred) . 
It was felt that the old datum note referenced to 
a bench mark was of no real value t o the mariner. 
Also having datum tied t o G.S.C. has the backup 
of not just three C.H.S. BM's but really the whole 
Geodetic net. 

and 3. Referencing C.D. to G.S.C. will have 
benefits to Engineers and Scientists who do their 
work to M.S.L. and require the difference between 
the datums to use our information. 

In the sketch we can see the datum situa­
tion in Halifax Harbour. Note the corresponding 
difference between M.S.L. and M.W.L. (1 973) and 

L.L.W.L.T. and sounding datum (S.D.). This differ­
ence is due to crustal movement over the last 
50-60 years. 

Sounding datum is determined by one of two 
ways: 

1. A water level transfer (from a 
Reference Port) 

2. From previously es t ablished Bench Marks. 

Whichever method is used S.D. has to sat­
isfy a criterion to become chart datum. At pres­
ent the rule is S .D. = C.D. if S.D. = LLWLT ± 1. 'O. 
LLWLT is a calculated elevation with respect to 
S.D. based on the harmonie analysis of the tidal 
record. Soif the two differ absolutely by as 
muchas 1 foot or less t hen S.D. is C. D. and no 
correction is applied to the recorded depths. 

Sorne tolerance is required for two reasons: 

1. the already mentioned continous rise in 
MSL means that LLWLT is always moving. 

and 2. a difference can occur from one year 
to the next depending what length and stage of the 
tide was measured. 

I would like to see this tolerance reduced 
from ± 1 foot to ±½foot . (I believe this is the 
criterion used in Great Britain). 

This demand for change is really a demand 
for as realistic a chart as possible. At present 
in some shoal and/or harbour areas some soundings 
are shoal by almost one foot because of the pres­
ent criterion. 



User Demands on Tidal and Current 
Groups within Hydrography 
F.E. STEPH ENSON 
C. H. S. Pacifie Region 

(1) User demands - what is required? 

Our previous speaker has men tioned some of 
the inte·rnational uses of tidal data collected by 
the Canadian Hydrographie Service and by Water 
Survey of Canada. I would like t o bring the sub­
ject closer to home and briefly discuss Canadian 
users of tidal and current da t a . Sorne of these 
users, particularly outside users, are presently 
being spoiled by our Tidal and Current groups. 

No t t ao many years ago if you requested 
tidal information, heights were provided t o the 
nearest 0.1 feet, but because of improvements in 
instrumentation, particularly with in situ gauges, 
users are routinely reques ting tidal heigh ts in 
centimetres and sometimes even in millimetres. 

Likewise, current velocities are now re­
quested in centimetres per second where not too 
many years ago velocities t o the nearest knot were 
acceptable, in fact they were the best avail able . 

I think everyone will agree that there ' s no 
harm in taking full advantage of new technology , 
but only if it is requir ed . We receive numerous 
requests for printouts or computer plots of tide 
and curr ent predic tions of centimetre accuracy, 
and many of these are valid requests, but some 
could be answered sa tisfac t orily by the user r ef er­
ing t o the Tide and Current Tables. If we are re­
quired to provide too much information (too high a 
degree of accuracy) this often involves extra time 
and money . 

When you have a need for tidal or current 
data, think a moment - what accuracy of data do 
you r eally require? Do you require tide heights 
in centime tres or will decime tres or metres suff­
ice, and for currents do you require velocities in 
centimet r es per second or decimetres per second? 
Also, must you have observed data or is predic ted 
data acceptable? There is a wealth of information 
in t he Tide and Current Tables which may alr eady 
mee t your r equir ements. 

I hav en't mentioned the hydrographer ye t, 
a lthough he is certainly one of the main users of 
tidal da t a . I won't say that the hydrographer is 
spoiled, but there is certainly a danger of this 
happening . In si tu gauges, telemetry, numerical 
models - all of these are useful tools for the 
hydrographer, but only if the survey warr ents the 
expenditure of time and money required for their 
use. I believe tha t in most field surveys, tidal 
reduction information is a lready one of th e strong­
es t links in the survey. What is the accuracy of 
tidal information required on a particular survey? 
Survey Standing Orders 70-4 specifies the maximum 
allowable errors in refering soundings t o sounding 
datum. Hydrogr aphers should keep these figures in 
mind when r equesting tida l info rmation or i nstru­
mentation for field surveys. 
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I will conclude by asking the user, part­
icularly the hydrographer, how well he feels he 
is being served by the Tidal and Current gr oups. 
Does the quality of our data mee t or exceed your 
requirements? Are the standards laid down in 
Survey Standing Orders 70-4 realistic? I believe 
the answer t o bath of these questions is yes . 

(2) User demands on Current Survey groups . 

Although hydrographers stil l collect much 
of the tidal information used in our navigational 
publica tions almost a ll current datais now coll­
ec t ed by specialized gr oups within hydrography or 
by other oceanographic gr oup s . 

Hydr ographers and outside users seeking 
information on curr ent surveys will find the infor­
mation in Tidal Manual 1970 already badly outda ted. 
The table titled "Current Surveys " outlines pro­
cedures for the processing, analysis and dissemin­
a tion of current data in Pacifie Region and shows 
the many forms in which current datais available 
to the user . 



COLLECTION 

PROCESSING 

ANALYSIS 

DISSEMINATION 

CURRENT SURVEYS 

(a) Hydrographie Service 

(b) Oceanography - coastal 
- offshore 

(c) Others - private sector 
- universities 

(a) Data edited & calibrated 

(b) Data display - component plot 
- polar co-ordinate plot 
- time series 
- histogram 
- progressive vector diagram 

(c) Data processing - harmonie constitue nts 
- daily residual current 
- rotary spectral analysis 

(a) Differences - comparison of observed to observed 
- comparison of observed to predicted 

giving - time difference 
- speed factor 

(b) Master Station - daily prediction of slacks 
and maximums in tide tables 

(a) Data Record - publication 

(b) Tide Tables - publication 

(c) Nautical Charts - arrows 

(d) Scientists 

J 
J 

published as 
Data Record 

published under 
Secondary Ports 

'O 
'O 



User Demands on Tidal and Current 
Groups within Hydrography 
B. TAIT 
C.H.S. Central Region 

User d~mands and the responsive actions in 
the areas of current information and International 
Great Lakes Datum were described. 

The type of current information avail able 
and the demands made for this information were 
described, and an assessment made of the necessity 
to obtain and publish more information for the 
areas of the St. Lawrence River from Quebec to the 
Gulf and from Montreal to Kingston, and for the 
Great Lakes. Particular attention was given to 
the Lower St. Lawrence River where presently pub­
lished information based on a 1934-37 survey is 
thought by oceanographers to give too simple a 
picture of an area of complicated tidal streams 
and river flow. Recent survey data could be pub­
lished but the oceanographers involved in its 
collection feel that it is still too sparse to 
describe the variability of the currents. 

One must choose between presenting the 
available but perhaps incomplete current data or 
waiting until the last eddy has been surveyed. 
The requirement for publishing additional da t a was 
also questioned in view of the intimate knowl edge 
of the river that many users, i.e., river pil ots, 
have. 

Many requests are received to provide the 
difference between elevations based on Internation­
al Great Lakes Datum (IGLD) and those based on 
Geodetic datum for various areas of the Grea t 
Lakes. The difference varies bet ween 0.2 and 0.3 
metres. It occurs because the zero for IGLD -
mean water level at Father Point - is slightly 
higher than the zero for Geodetic datum - mean 
water level at five coastal tide gauges - and 
because IGLD elevations are adjusted for variat­
ions in gravity and given as dynamic heights, 
whereas Geodetic elevations are given as ortho­
metric heights. 

The difference is of concern to scientists 
and engineers working on coastal projects since 
they often must relate water levels which are 
given as IGLD elevations to the Geodetic elevat­
ions of land-based features. 

An adjustment to the U.S. geodetic net, to 
be carried out in the early 1980's, will be based 
entirely on dynamic heights. It is possible that 
a similar adjustment will be made in Canada and 
that a North American datum will be defined. 
This datum would embody most of the requirements 
of IGLD and eliminate the need for a separate 
lakes datum. 
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Conference Luncheon Address 
" The Widening Horizons of Hydrography" 
R EAR ADMIR A L O .S. RIT C HIE 
Presidem of the Directing Committee 
International Hydrographie Bureau 
Principa lity of Monaco 

On Tuesday 23rd January 1770 , whilst ' Endeavour ' 
lay securely at anchor in Queen Charlotte ' s 
Sound in the South Island of New Zealand , Capt . 
Cook wrote thus in his journal , "I took one man 
with me and climed up to the top of one of the 
hills but when I came there I was hindred from 
seeing up the inlet by higher hills which I 
could net corne at for impenetrable woods , but 
I was abundantly recompensed for the trouble I 
had ·in assending the hill , for from i t I saw 
what I took to be the Eastern Sea and a strait 
or passage from it into the Western Sea a 
little to the Eastward of the entrance of the 
Inlet in which we now lay with the Ship , the 
main land which lies on the SE side of this 
inlet appeared tome to be a narrow ridge of 
very high hills and to forma part of the SW 
side of the Strait . The land on the opposite 
side seem ' d to trend away East as far as the 
Eye could see, to the SE appear ' d as oppen sea 
and this I took to be the Eastern ." 

Thus by climbing 1300 feet did Cook widen his 
horizon , enabling him to see the strait which 
he was soon to be the first European to pass 
through and which bears his name to-day . He 
found the way and thousands, nay millions , 
followed. 

Cook was the exp l orer , the discoverer , his 
greatest gift being his ability to l ay down 
with accuracy vast stretches of previously 
unknown coastlines so that others might con­
fidently sail to and a long those coasts. " He 
reaped the harvest of discovery , but the glean­
ings of the fie l d remain to be gathered ," wrote 
Flinders when carrying out detai l ed surveys on 
the East Coast of Australia thirty years after 
Cook had first made his running surveys there . 

Two hundred years age this month ' Resolution' 
and ' Discovery ' lay in Nootka Sound, anchored 
in deep water with their sterns moored to the 
rocky shore by hawsers . Cook was on his way 
to search for the North West Passage . He had 
discovered this inlet in which he sought re­
freshment and replaced some of his masts and 
spars from fine trees he felled in the forests . 
As always , instruments were landed to fix the 
position of the anchorage , but owing to work 
on the masts l ess time than usual was availabl e 
for a survey . Cook sent his Master on some 
boat sounding trips in the sound and named the 
largest island Bligh after him . 

Nootka was thus added to Point Venus in Tahiti , 
Queen Charlotte Sound in New Zea l and , and Por t 
Jackson in Australia as an anchorage of known 
security where exploring surveyors coul d seek 
with confidence respite , recreation, and re ­
freshment. Each of such visits entailed the 

landing of instruments for the making of 
observations to improve the positional accuracy , 
so that these places took on a growing impor­
tance as points of geographical reference to 
which Pacifie discoveries could be tied in. 
These positions were the forerunners of secondary 
meridians which served a similar purpose as 
seaborne chronometers came widely into use during 
the 19th century . 

When Vancouver came to the North West Coast in 
1792 he came more as a surveyor than an explorer . 
The emphasis began to change : along the southern 
shores of the Juan de Fuca Strait a new and more 
detailed form of running survey technique was 
developed , with detached boat parties working 
ahead of the following ships . Vancouver carried 
this pa instaking technique right up through the 
inside passage , near l y losing ' Discovery ', but 
proving the land which now bears his name to be 
detached from the mainland . 

The long history of hydrographie surveying in 
British Columbia has been excellently told by 
R. W. Sandilands . In 1828 came that turbulent 
surveyor Commander Be l cher in ' Sulphur ', a name 
well suited to her Captain . He brought new tech­
niques - "Only Masters still use the Azimuth 
Compass . In a survey ship instantl y the sextant 
is in request; even the pleasures of the table 
are forgotten . Astronomical pursuits , surveying 
etc . have a peculiar attraction . Let but one 
moderate draught be taken fairly tested , a spec i es 
of intoxication follows , scientific mania ensues . 
Example only is wanting , and if that happen to 
be the principal (Captain or Lieutenant) the 
contagion rapidly spreads - it becomes the 
fashion " . Belcher c l aimed to have i mproved the 
station- pointer, increasingly in use since the 
turn of the century . 

By 1853 the need for the exact positi oning of 
the 49th parallel , and hence the boundary with 
the United States at sea and in coastal areas , 
revived the need for hydrographie work . The age 
of steam had arrived and Captain Richards in 
HMS Plumper, a steam sloop , began his ten year 
sojourn on the North West Coast , transferring to 
the padd l e sloop ' Hecate' in 1861. 

Richards ' surveys soon passed from those con ­
nected with the Boundary Commiss ion to those 
required for the p l ac ing of ports and townships 
in the developing Colony of Vancouver Island. 
He worked in close col l aborat i on with Governor 
Doug las and the Surveyor General and advised on 
establish ing lighthouses, laying navigational 
buoys and erecting beacons and on the training of 
pilots . Richards ' period could be described as 
that of early development surveys . 

During this period a modest shore office was 
established at Esquimalt and whe n Richards was 
recal l ed to England to become Hydrographer he was 
able to make arrangements for the chartering of 
the Hudson Bay Company Steamer ' Beaver ' to 
continue the work under Staff Commander Pender 
until 1870 . 

Near l y 30 years e lapsed before another British 
survey vesse! came to these waters . By then 
Vancouver I sland was a part of Bri tish Columbia , 
which i n turn had been annexed by Canada . The 
Canadian Pacifie Railway had arrived , the 



Canadian Pacifie liner ' Parthia ' had struck a 
shoal in Vancouver Harbour , more detailed and 
larger scale surveys were needed , previously 
unimportant gaps required to be filled in . 
British Columbia ' s own surveyors had therefore 
commenced hydrographie work. The names of these 
pioneers of the Canadian Hydrographie Service -
William J. Stewar t , Henri Parizeau and others 
have been kept green , used as they have been for 
naming Canadian hydrographie ships . 

HMS Egeria came to help on the North West Coas t 
at the end of the century and remained till 
1910, which peri od may be described as one o f 
transition during which a national hydrographie 
surveying service took over from the British 
who finally withdrew . Here is a successful 
pattern we have seen in many , but by no means 
all , former coloni es of European states as they 
have achieved their independence . In Canada ' s 
case we may perhaps regard the opening of the 
Institute of Ocean Sciences in Patricia Bay as a 
final milestone in establishing a national 
oceanographic and hydrographie organisation 
which stands , as a supreme example of such a 
development . 

I now turn aside to speak of some of the g if t ed 
British surveying officers who were fortunate 
enough to serve in British Columbian waters . In 
1863 Richards went straight from 'Hecate ' to 
become Hydrographer. He had much to do with the 
preliminary voyages which set the scene for t he 
famous Challenger Expedition of 1872-76. When 
Challenger sailed Richards stated that "an 
expediti on such as this, which has been the hope 
and dream of my life, is now on the eve of 
realisation". The Challenger Expedit i on was the 
first to explore the depths of the oceans fa r 
beyond the continental she l ves , her officers and 
scientists throwing open wide the windows to the 
far horizons . 

on his retirement Admiral Richards became for 
twenty years the Managing Director of the 
Telegraph Construction Company whi ch , under h is 
guidance , laid 76 , 000 miles of s ubmarine cabl e . 

Among those who interested themselves in the 
thousands of wire sounding which cable laying 
necessitated was Prince Albert I of Monaco, who , 
adding them to his own considerable g l eanings in 
the Atlanti c , prepar ed the first GEBCO chart in 
1904, the fifth edition of which is being p u b ­
lished under the guidance of an international 
committee of hydrographers and scientists and i s 
currently being p rinted by the Canadian 
Hydrographie Service. 

commander Learmonth of ' Egeria ' has a very per­
sonal interest tome. He subsequently became 
Hydrographer and on retirement joined the Board 
of the Port of London Authority when my father 
was General Manager. He thus became an occa ­
sional dinner guest at my parents ' house and as 
a young midshipman, not quite c l ear where I was 
going , I listened to his exciting yarns of life 
ashore and afloat as a surveying offi cer , includ­
ing adventures in the Canadian forests . A fervant 
longing to join this l ittle known band of naval 
officers arose within my breast and despite many 
attempts by gunnery officers and others to head 
me off I joined the ranks of the sea surveyors in 
1936 and have never had a dull moment since . I 
owe my presence among you here to-day.to Admiral 
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Learmonth and his skill as a teller of tales. 

Of the two other captains of ' Egeria ' in British 
Columbia Captain Parry became Hydrographer and 
in 1919 the firs t President of the IHB . 

captain Nares, son of the Captain of HMS 
Chall e nger on the famous voyage , did not become 
Hydrographer but was promo t ed Vice Admira l and 
served as Presi dent and as a Directorat the IHB 
from 1932 t o 1957. 

Searching for precedent and gui dance in my present 
post I am particularly struck by the administra ­
tive ability and foresight which Vice Admira l Sir 
John Parry brought to the establishment of the 
IHB in the early years at Monaco . As President 
at the 1st IH Confer ence held in London in 1 91 9 , 
Admiral Parry saw with clarity a gleam of sun­
light on a far horizon fifty years ahead . In 
winding up a c onfer ence debate on the question of 
metrication of charts he said "I may say that , as 
far as Great Bri tain i s concerned (possibly, I 
ought to say , as far as I am personally concerned , 
which i s a d iffe rent matter) the Metric System, 
without a doubt , is bound t o corne ". 

Metr i cation has indeed corne about and the need for 
massive changes to their charts which metrication 
requires has presented many hydrographie offices 
with the opportunity to improve the style , reada­
bility and appearance of their charts at the same 
time. I believe that here common membership of 
the IHO has almost imperceptively guided these 
improvements along the path towards international 
standardisati on far beyond the limits of Interna ­
tional chart schemes themselves. We at the 
Bureau, with daily access to all our Members ' 
incoming charts , are in a unique position to note 
this satisfactory trend. Delegates to the XI IH 
Conference probably noticed this trend in the 
exhibition of Member States ' charts which will no 
doubt be a regular feature at future confere nces. 

ouring the last 25 years we have seen the need 
for accurate large scal e surveys extending into 
deeper waters to match the increasing draught s 
of modern day shipping . Meanwhi l e in the l ast 
ten years the sea surveyor ' s coastal horizons 
have been widened t o r eveal the need for 
resources surveys and the charting of sufficiently 
large scales of vast areas which are selected for 
exploitation, with all the rig and platform build­
ing, p ipelaying and ship mooring that these 
operations entai l . 

As the Law of the Sea Conference wends its way 
from one venue to another with its 1500 de l egat es 
and technical advisors we surveyors stand poised 
to assess the surveying requirements which 
the creation of Exclusive Economie Zones and the 
establishment of an International Seabed Author ­
ity would bring about , knowing as we do that_many 
countries whi ch will take over these exclusive 
zones do not have the necessary surveying canabi ­
lity . The importance of these zones t o thr 
countri es concerned may be seen when it i s 
realised that in many cases the areas of sea will 
far exceed the national land area . 

"With the interest created by the Law of the Sea 
Conferences and the concept of the 200- mile 
economi c zone, many countries will re - focus their 
hydrographie activities to these broad new 
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horizons ." So reads a part of the Report of the 
Group of Experts on Hydrographie Surveying and 
Nautica l Charting who met at the United Nations 
last December . Very broadly this Report recom­
mends that countries without hydrographie poten­
•tial should immediately consider the benefits of 
establishing a hydrographie service , and cogently 
sets down the many reasons for this recommenda ­
tion . I commend the reading of this Report to 
everyone concerned with marine transportation or 
sea resources expl oitation . We who are a lready 
in the hydrographie business must do everything 
in our power in the years ahead to bring about 
world-wide understanding of the urgent need for 
hydrographi e expansion on the broadest front . 

There are however dangers which I see ahead that 
may hinder rather than foster an advance on the 
broadest front internationally . 

As the hydrographie survey systems get more 
complex only about a dozen of the world's leading 
hydrographie offices , the ' First League ' we might 
call them , together with their commeri cal instru ­
ment makers, are engaged in the s truggle to 
perfect these sophisti cated systems for making 
the simp l e navigational chart more rapidly, more 
accurate l y and , they hope , more economically . We 
spend untold time perfecting the systems , improv­
ing them and describing them to our fellows in 
erudite papers , often incomprehensible to members 
of the less advanced hydrographie services . 

The danger l p e rceive , admittedly difficult to 
resolve , is that in our chase after sophisticated 
perfection we in the industrialised nations over­
look the needs of the Third World , those very 
pecple whom we are urging to start up hydrographi e 
services from scratch . We must try to c l ose this 
widening gap by giving more impetus to the devel­
opment of the simpler forms of echosounding and 
electronic fixing with a minimum use of automa­
tion and data banking and with the maximum 
emphasis on reliability and ease in fault finding . 
Indeed we shoul d press for instrumentation which 
can be usefull y and continually empl oyed by men 
who have had months of hydrographie training 
rather than years , or have attained the minimum 
qualifications rather than a university degree . 
These people are our sailing companions on the 
voyage towards the broad new horizons , and on l y 
if we can sail together shall we arr i ve atour 
desired destination beyond those broad horizons. 
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JMR Instruments 
Chatsworth, California 

MUNSON, RADM ROBERT C. 
NOAA; NOS 
439 West York Street 
Norfolk, Virginia 23510 

POWELL, RADM ALLAN L. 
NOAA; NOS 
U.S. Dept. of Corrrnerce 
WSCl, 6001 Executive Blvd. 
Rockvill e , Maryland 20852 

ROSS, JIM 
Ross Laboratories Inc. 
3138 Fai rview Avenue, East 
Seattle, Washington 98102 

ROSS, WAYNE 
Ross Laboratories Inc. 
3138 Fai rview Avenue, East 
Seattle, Washington 98102 

SANOCKI, RUDOLPH D. 
NOAA; NOS 
Atlantic Marine Center 
439 West York Street 
ATTN: CAM 3Xl 
Norfolk, Virginia 23510 

SCHAEFER, COR. GLEN R. 
NOAA; NOS 
1801 Fai rview Avenue, East 
Seattle, Washington 98102 

SCHLANK, CAPT . JOHN J. 
DMA, Hyd rographie Center 
Washington, D.C. 

OVERSEAS 

FRANCE 

ROBERTOU, ANDRE MARC 
S .H.O.M. 
3 Avenue Octave Gréard 
75007 Pa r i s, France 

GHANA 

GEORGE, CAPT. G. 
Chief Ha r bour Master 
Ghana Po rts Authority 
P.O. Box 139 
Tema, Ghana 
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SODERBERG, DENNIS R. 
Wesmar 
905 Dexter 
Seattle, Washington 

SPIELMAN, DICK 
Motorola Inc., Military Aerospace 

Electronics Operations 
8201 East McDowell Road 
Scottsdale, Arizona 85852 

SPILLMAN, DON M. 
NOAA; NOS 
12013 Bayswater Road 
Gaithersburg, Misouri 20760 

STEGALL, JAMES G. 
Marinav Corporation 
1100 Pamela Drive 
Euless, Texas 76039 

STRUTHERS, D. L. 
Navigational Consulting Services 
P.0. Box 6 
Carrollton, Texas 75006 

SULOFF, LT. COR. DONALD L. 
NOAA; NOS 
ATTN: C351 - 6001 Executive Blvd. 
Rockville, Maryland 20852 

TAYLOR, RADM EUGENE A. 
NOAA; NOS 
19310 89th Place, West 
Edmonds, Washington 98020 

TIBBET, DONALD R. 
NOAA; NOS 
12000 Old Georgetown Road, Cl603 
Rockville, Maryla nd 20852 

VANDERBILT, WILLIAM E. 
Marinav Corporation 
1100 Pamela Drive 
Box 696 
Euless, Texas 76039 

WHITE, DONALD J. 
General Instrument Corp. 
33 South West Park 
Westwood, Massa chusetts 

MONACO 

KAPOOR, RADM D. C. 
International Hydrographie Bureau 
7 Avenue President J. F. Ke nnedy 
Monte Carlo, Monaco 

RITCHIE, RADM G. S. 
International Hydrographie Bureau 
7 Avenue President J. F. Kennedy 
Monte Carlo, Monaco 
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SWEDEN 

HALLBJONER, KOMMENDAR F. 
Hydrographie Department 
S-601 01 Norrkoping, Sweden 

NORDSTROM, BYRADIREKTOR, GARAN 
Hydrographie Department 
S-601 01 Norrkoping, Sweden 

UNITED KINGDOM 

DYDE, B.S., COR. R.N. 
Hydrographie Department 
Ministry of Defence 
Taunton, England 

List of Abbreviations 

DMA Defence Mapping Agency 

WEST GERMANY 

MOOLJI, SALIM 
Seebaldsbrucker Heer Street 235 
2800 Bremen, West Germany 

STEDTNITZ, WOLFGANG 
Seebaldsbrucker Heer Street 235 
2800 Bremen, West Germany 

NOAA National Oceanographic and 
Atmospheric Administration 

NOS National Ocean Survey 

SHOM Service Hydrographique et 
Océanographique de la Marine 



Ships on Display 

C.S.S. PARIZEA U 

NOAA Ship DA VIDSON 

Public Works Canada Vesse ! 

PROFILER 

Ross Laboratories , Seattl e Vesse! 

GOLDEN DOLPHIN 
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AANDERAA INSTRUMENTS LTD. 
560 Alpha Street 
Victoria, B.C. V8Z 1B2 

APPLIED MICROSYSTEMS LTD. 
769 Lily Avenue 
Victoria, B.C. V8X 3R7 

BARRINGER RESEARCH 
c/o Ocean Components 
118 - 4th Avenue, S.W. 
Room 106 
Calgary, Alberta T2P OH3 

DECCA MARINE 
2005 West 4th Avenue 
Vancouver, B.C. V6J lN3 

INTEROCEAN SYSTEMS LTD . 
3540 Aero Court 
San Diego, California, U.S.A. 92123 

JMR INSTRUMENTS 
c/o Ocean ·Components 
118 - 4th Avenue, S.W. 
Room 106 
Calgary, Alberta T2P OH3 

KEL VI N HUGHES 
1711 West 2nd Avenue 
Vancouver, B.C. V6J lH7 

KLEIN ASSOCIATES INC. 
c/o Ocean Components 
118 - 4th Avenue, S.W. 
Room 106 
Calgary, Alberta T2P OH3 

List of Exhibitors 

M.S.E. ENGI NEERING SYSTEMS LTD. 
265 Canarctic Drive 
Downsview, Ontario M3J 2N7 

MARINAV CORPORATION 
1140 Morrison Drive 
Ottawa, Ontario K2H 8S9 

MESOTECH SYSTEMS LTD. 
1174 Welch Stree t 
North Vancouver, B.C. V7P 1B2 

MOTOROLA MI LITARY & AEROSPACE ELECTRONICS, CANADA 
3125 Steeles Avenue, East 
Willowdale, Ontario M2H 2H6 

RAYTHEON COMPANY - OCEAN SYSTEMS CENTER 
P.0. Box 360 
Portsmouth, Rhode Island , U.S.A. 02871 

ROSS LABORATORIES, INCORPORATED 
3138 Fairview Avenue, East 
Seattle, Washing t on, U.S.A. 98102 

TELLUROMETER CANADA 
1805 Woodwa rd Drive 
Ottawa, Ontario K2C OP9 

THERMOFLOAT PRODUCTS 
965 Kentwood Terrace 
Victoria, B.C. V8Y lA5 

VANCAL REPRODUCTIONS LTD. 
610 Courtenay Street 
Victoria, B.C. V8W 1B6 
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INTERNATIONAL HYDROGRAPHIC TECHNICAL CONFERENCE 

MAY 14 TO 18, 1979. 

The Canadian Hydrographie Service, under the auspices of the Government of Canada and in conjunction 
with the Fédération Internationale des Géomètres, the Canadian lnstitute of Surveying and the Canadian 
Hydrographers Association is hosting an International Hydrographie Technical Conference in Ottawa at the 
Government Conference Centre, May 14 - 18 inclusive, 1979. 

The theme of the Conference is "Development of Ocean Resources" 

For further information write. International Hydrographie Technical Conference, 
Room 209, 615 Booth Street, 
Ottawa, Ontario, Canada, K1A OH3 

LIGHTHOUSE is published twice yearly, in April and November. 
Persons wishing to subscribe are invited to fill out the subscrip­
tion form below, or contact the Editor, B.J. Tait at ( 416) 637 -4346 
Burlington, Ontario, Canada. 

LIGHTHOUSE 
c / o Canadian Hydrographers Association, 
P.O. Box 5050, 
867 Lakeshore Rd., 
Burlington, Ontario L7R 4A6 

Yes, 1 would like to become a subscriber to LIGHTHOUSE. 
1 wish to receive your journal for a period of ..... year(s) and 
have enclosed my payment of$ ......... . 

NAME, 

FIRM, .... 

ADDRESS 

Yearly subscription rate ( $6·00) 

Make cheque or money order payable to the Canadian l-lydrographero Association. 1 
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