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DlRECTOR-GENERAL ' S  OFFICE 

C . R .  MANN 

*A . B .  Cornford - Head , Program Analysis 
and Liaison 

1979 is the second year that members of the Institute of Ocean 
Sciences have occupied the new building at Patricia Bay . It  has been a year 
during which the various groups have developed a spirit of togetherness in 
their diverse endeavours ,  as distinct from their rather isolated existence 
before they were housed in the same building . The Institute was formally 
opened by the Governor General , His Excellency the Right Honourable 
R.  E .  Schreyer on February 2 8 ,  1979. A p icture of Mr . S chreyer with 
Dr . R. W. Stewart on his left forms our title page . 

Several changes in our s enior s taff have taken plac e .  Dr . Stewart 
left on executive exchange with the Province of British Columbia in mid-year . 
He was replaced by Dr . C .  R .  Mann who trans ferred from our sister institute , 
the Bedford Institute of Oceanography on the east coast . Dr . P .  W. Nasmyth ,  
the Regional Oceanographer , retired in June , and Mr . R .  W. Sandilands was 
appointed Regional Field Superintendent in the Hydrographic Divis ion . 

As usual fiscal restraints are s t ill with us ; we lost one half of 
our capital budget for this year , but the diff icult ies imposed upon us have 
been offset by the enthusiasm o f  our s taff in developing the hydrographic 
and o ceanographic programs . There is a great deal of work that needs to be 
done off our west coast and in the wes tern Arctic . It will all get done , 
eventually , but only at the pace we can set with our present resources . I 
doubt it will be fast enough to meet the burgeoning commerc ial developments .  

Two developments that augur well for the future are the s igning of 
an agreement between the Federal Government and the Provincial Government of 
British Columbia for the lease of land oppos ite the Inst itute to develop a 
Marine Technology Centre devoted to the development of marine indus try , and 
the move by OAS at the national level to research and produce papers on 
marine transportation in the Arctic , ocean climate ,  and on other subj ects of 
national interest . The inauguration of the Centre follows many years of 
ass istance in the development o f  Marine Industry by lOS through contracts , 
and the DSS unsolicited proposal route in support of the government ' s  Make
or-Buy policy . If  it develops as it should , the Centre will greatly 
s trengthen the marine sciences on the west coas t . Perhaps with the presenta
tion of well-thought out paper s on marine science we can obtain the resources 
we need to meet the growing demand for marine research . 

*Acting Regional Oceanographer - July-December 1979 
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HYDROGRAPHI C DIVISION 

M. Bolton - Regional Hydrographer 

S .  B .  McKenz ie - Secretary 

The year ' s  activities were predica ted , to a large extent , by 
the governmental climate of fis cal res traint . The reduc tion in the 
available operational and capital res ources comb ined with reduced 
purchas ing power of the dollar resulted in an inevitable restriction o f  
field activities . This was parti cularly no ticeable in the Arc tic , 
where the high cost of  operations and logistic support precluded the 
mount ing of a maj or field program . Nonetheles s ,  significant work was 
ac complished in various areas of the region . 

The high priority assigned to the completion o f  surveys in 
the Beaufort Sea has b een reflected in several ways . Studies have b een 
contracted to examine methods for detect ion of many pingo-like shoals 
in the area . Short and long term planning for future maj or survey pro
grams in cooperation wi th the oil industry have been undertaken . Internal 
and external nego tiations for logis tic support for Arctic programs is 
continuing . 

Miscellaneous programs for various agencies involved con
siderable time and effort . The Canadian Coast Guard Vess el Traffic 
Management Radar Monitoring System was calibrated . Displays and tours 
were des igned for the Canadian Power Squadrons . Specific surveys were 
under taken at the behest of the Pacif ic Pilotage Authority , Canadian 
Coast Guard , and the Brit ish Columbia tourist indus try . A map and bro chure 
showing the federal fishing and recreational harbours was produced for 
the small Craft Harbours Branch . Pos itioning equipment and pers onnel 
were provided for the DEMR gravity and magnetic survey of  Hecate Strait . 

A maj or internal program involved the Tidal and Current Survey 
section which devo ted considerable time , personnel and res ources to the 
Coastal Ocean Dynamics Experiment , in close cooperation with the Offshore 
Oceanography section . A high level of  support was provided to all elements 
of the Ins titute by Computing Services and Engineering S ervices .  

Personnel changes s aw the retirement of Ralph Wills af t er 25 
years of service and the appointment of  R .  W .  Sandilands to replace 
Mr . Wills as Regional Field Superintendent . W. J .  Rapatz was confirmed 
in the pos it ion of  Regional Tidal Superintendent and K .  R .  Holman was 
appointed Production Chief in the Chart Pro duc tion and Dis tribut ion Sec tion . 
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FIELD HYDROGRAPHY SECTION 

Regional Field Superintendent - R .  Wills* 
- R . W .  S andilands*** 

F . A .  Coldham M . L .  Preece 
J . V .  Crowley A . R. Raymond 
K . L .  Czo tter G . E .  Richardson 
G . H .  Eaton E . D . Sargent 
B . M .  Lusk R . U .  S choenrank 
R . I . D .  May C . R . Tamasia 
P . R.  Milner W . P .  Van Duin 
A . R. Mortimer J . A .  Vosburgh 
A . D .  O'Connor M . M .  Ward 
R. D .  P op ej oy D . J .  Wood 

M. V .  Woods 

Head , Sailing Directions R . W .  Sandilands unt il 12 November 
Acting Head , Sailing Directions A .  Smith from 13 November 

L . M .  Wakefield 

Head , Hydrographic Development J . B .  Larkin 
A . J .  D'Aous t 

**R . I . D .  May 
**P . R .  Milner 

*Lef t  during 1979 
**Rotational S taff in Hydrographic Development 

***P romoted 

The main hydro graphic work on the B . C .  coast in 1979 was carried out 
by a large party with Mr . Lusk in charge . Op erat ions commenced in April with 
surveys of Harrison Lake and River which are p reviously unsurveyed highly 
used recreational areas . The main lake was completed by the end of  May and 
work on the r iver was suspended on 8 June to allow the party time t o  trans fer 
to  CSS Parizeau f or the major coas tal survey of the season , a resurvey o f  
Laredo S ound and Channel . 

On 14 June Parizeau sailed for survey . Participating in this survey 
for experience were Mr . S ander , an ins tructor in surveying at Camosun College , 
V ic to ria and Mr . Idigo , a surveying student from Nigeria . The area was com
plex and over f our hundred shoals were examined , s everal o f  these b eing known 
shoals which were , on examinat ion , f ound t o  have less water over them than 
charted . Not ice to Shipping and to Mariners act ion was t aken . The survey 
was completed on 23 August .  

The rationale for these surveys was the p rov is ion of modern charting 
for the deep-draught o re carriers en route to Kitima t . One of these carriers 
hit an obstruct ion in Laredo S ound in the vicinity of Wil s on Rock in early 
November . A small party , includ ing d ivers , under the charge o f  Mr . Lusk and 
accompanied by a Department of Transport Inves tigating Officer embarked on 



7 

CSS Vector and returned to the area . Af ter posit ioning themselves over a re
ported shoal in the vicinity of the posit ion claimed by the p ilo t the d ivers 
went down and found port ions of the ship ' s  bottom and other evidence to con
firm that the ship had indeed struck a repor ted shoal . 

B r oken p i ece s o f  rock i n  t h e  v i c i n i ty o f  t h e  g roun d i ng 

T h e  d i ve r's kn i fe i s  po i n t i n g t o  a l a rg e  p i ece o f  me t a l  o f f  t he s h i p's hu l I 
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The survey of Harris on River was recommenced on 4 S eptember and was 
completed by 13 Sep tember .  A subparty then travelled to the Okanagan Lake 
to carry out some p reliminary work for the 1980 f ield seas on .  This party 
completed operat ions at the end o f  S eptember . 

The s econd B . C . coastal survey party was conducted on CSS Richardson , 
with Mr . Vosburgh in charge. They commenced the season with a resurvey o f  
Mayne Passage between east and wes t Thurlow Islands . Next they surveyed Port 
San Juan , previously surveyed in 1932 , and this was followed by completion of 
work s tarted in 1978 on the outer coast o f  the Ucluth P eninsula . While in 
this area some preliminary survey control was es tab lished in the Broken Group 
�n Barkley S ound . In July the party moved to the Queen Charlotte I s lands 
where Skidegate Narrows and its ranges were surveyed . The remainder of the 
s eason was spent in Masset  Inlet where a resurvey was completed b ef ore the 
party returned to S idney on 23 S eptember . 

A shore party under Mr . Richardson divided its activities between 
the B . C .  Coast and the Wes t ern Arct ic . It s tarted the season with a resurvey 
o f  selected sections o f  the Fraser River delta . These were areas previously 
sounded in 1974 and the object of the work was to duplicate those surveys and 
thus provide s edimentolog is ts o f  the Geological Survey o f  Canada with an on
going record o f  changes in the delta . A survey o f  Pitt Lake was comp leted in 
May and June and in July the party went north for two months . On its return 
south in S eptember the Fraser River delta survey was comp leted and revisory 
work done in ,the Fraser River , Pitt River and Lake and in Vancouver Harbour . 

The projec t ed cruise o f  Pandora II to the Wes tern Arctic was can
celled for reasons of f inancial restraint and so surveys in that area were 
minimal this year . With support from the Canadian Coast  Guard and Canmar, 
the shore p arty was able to complete surveys o f  Wise Bay and Summers Bay 
together with their approaches . A detailed survey o f  the approach channel to 
Tuktoyaktuk was also completed . 

The M/V Radium Express ,  on chart er from Northern Transportation 
Company Ltd . (NTCL) , cont inued the Mackenzie River survey with Mr . Crowley 
as Hydrographer-in-Charge . The program concentrated on the lower portion o f  
the river below Fort Good Hope although s everal short s tretches ups tream 
from there were sounded . The mos t  recent buoy and range posit ions were f ixed 
for the to tal length of the Mackenzie River . S ince 1972, hydrographic 
surveys of the Mackenzie sys tem have b een conducted annually us ing the NTCL 
charter vess el Radium Express but , in view of current restraints and CHS 
nat ional priorities , the project has b een terminated . 

Surveillance o f  the artif icial islands in the B eauf ort Sea was 
continued with a set of photographs being taken in August . 

The Navigation Group headed by Mr . Mortimer undertook several 
projects during the year . One of the major ones included an inves tigation 
of low frequency navigation syst ems coverage in the Wes t ern Arc tic and the 
implementat ion o f  the BIONAV integrated satellite navigat ion sys tem onboard 
CSS Parizeau . The new Loran C transmit t er at Port Hardy was positioned and 
support was given for projects carried out by o ther d is c iplines at the 
Ins t itute and the Pacific Geoscience Centre (PGC ) . 
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In November , a small hydrographic f ield party provided ass is t ance 
to the Minis try of Transport in calibrating the Mount Newton radar monitor 
which is an integral p art of  the Vessel Tra f f ic Management sy stem ,  Vancouver 
Traffic Control Centre . 

Eleven s taff from hydrography attended the Internat ional 
Hydrographic Technical Conference held in Ottawa in May and two of thes e, 
Mr . Bolton , Chairman and Mr . Sandilands , Publications , were active on the 
organizing committee for this , the f irst such technical conference . 

The Region hos ted the f ield training portion of  the Hydrography I 
.course and provided HQ staff with addit ional tra ining support .  

Sailing Direct ions 

The S ailing Direct ions S ection revises and maintains two vo lumes of  
Sailing Direct ions and two volumes of  Small Craft Guides . New edit ions of 
these volumes are published on a two year cyclical bas is . 

The f ourth edition of  B . C .  Small Craft Guide , Volume I ,  Vancouver 
Island , Port Alberni to Campbell River including the Gulf I s lands , was 
published in May . This publication cont inues to be very popular with the 
recreational·sailor with sales of over twelve hundred in the first eleven 
months of the year . 

The eleventh edit ion of  B . C .  Sail ing Direct ions (South Portion) , 
Volume I was received from the printer in December . 

Sailing Directions for Koot enay Lake and River , Chart 3050, a str ip 
chart in book format which includes Direct ions , were amended to include new 
informat ion gathered during a field revisory survey . Thes e Directions were 
pas sed to the Chart Compilat ion S ec t ion for chart production act ion . 

New edit ions of B . C .  Sailing Direct ions (North Port ion), Volume I I  
and B . C .  Small Craft Guide , Volume I I , Boundary Bay t o  Cortes Is land , are 
under preparat ion for publicat ion in the 1 9 80 / 8 1  f is cal year . 

The sect ion participated in a revisory survey contract during the 
year and the only f ield work c arried out involved helicopter flights to  
obtain new pho to graphy for Small Craft Guide , Volume I .  

Hydrographic Development 

Mr . D'Aoust has b een seconded to Canada Centre f or Remo te S ens ing , 
in Ottawa , to work full t ime on the Aerial Hydrography Proj ect .  The c ontract 
with P . A. Lapp , L td .  is proceeding on s chedule , with a flight test being 
conducted during the summer in the Thousand Islands area of the S t .  Lawrence 
River . Mr . D'Aoust is the s cient ific author ity for the contract ,  and is 
also involved with improvements to the track recovery system us ing previous 
data obtained by f lying over an accurate test range in Arizona . Resul t s  o f  
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tes t f lights c onducted to date are promis ing , and indicate the poss ibility of 
Arctic production flights in 1 9 81. 

Hydrographers R .  May and P .  Milner j oined the group for their 
rotational ass ignment . 

It  was intended to  carry out field trials o f  NAVBOX units but due 
to manufacturing delays the units were not available , and trials have been 
pos tponed until next year . 

Mr . Milner familiarized himself with the Kongsberg f latbed p lotter ,  
and assisted f ield part ies in preparat ion of  f ield sheet bas e plots and survey 
' lattices . 

Mr . Milner also made a f ield trip to the Wes tern Arctic with 
A . R .  Mortimer conducting Loran C monitor tests , and later assisted with the 
data reduct ion . 

CHART PRODUCTION AND DISTRIBUTION SECTION 

W . S .  Crowther - Regional Chart Super intendent 

R. Bell - Supervisor New Chart Product ion 
P .  Browning - Navigat ional Aids 
G .  Chan 
D .  Dobson - Nautical Information 
E .  Earl 
M. Farmer 
D .  Fisher - Supervisor Chart S ales 
J .  Gould 
D .  Harrison - Supervisor Chart Correction 
M. Hohl 
K .  Holman - Production Chief 

**S . Huggett 
K. Jos ephson 

A. 
*M. 

**P . 
**G.  
**R. 

M.  
A .  
L .  
R .  
A .  
N .  

**J . 
R .  

Lyon 
Mikkelsen 
Morton 
Neilson 
Parker 
Patton 
Philp 
P ickell 
P ierce 
Ros s  - Quality 
Said 
S t . Gelais 
Tay lor 

Control 

*B . K enny L .  Thompson - Quality Control 
R. Korhonen 
D .  Kynoch 

* Joined dur ing 1 97 9  
** Left dur ing 1 9 7 9  

Chart Product ion 

B .  Wat t  
G .  Whincup 

The main ef fort of the Chart Production Section in 1 9 7 9  was chart 
maintenance . New Chart product ion was impeded by the res ignation o f  three 
cartographers and the trans fer of one o ther to the Atlantic Region . One 
cartographer attended the Cartography I course at Headquarters . 
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Despite setbacks because of l imited resources , accomplishments in 
chart product ion mus t  be cons idered success ful . One specific highlight in 
New Chart s  was the commencement o f  production for 331 1 , a Sma ll-craft s trip 
chart o f  the Sunshine Coas t .  

The relo cation o f  Char t Distribution and Chart Correct ion act ivities 
away from Chart P roduc t ion , and the subsequent relocat ion of the Technical 
Records Unit adjacent to the p roduct ion units has helped to make regular 
activit ies more efficient . 

A new Ozalid machine was purchased and ins talled in the Photo
Mechanical Unit . The relocat ion of  the venting system contributed to a more 
efficient and reliable reproduct ion capability . A small contact frame was 
received and is being installed , permitting the simultaneous proces s ing 
(contact ing) of  very small and very large copy at any given time without 
interference . 

There were a number of  non-charting activit ies undertaken during 
1 9 7 9 .  The largest undertaking in this area was the'Small-craft Harbour map 
for Small Craf t  Harbours Branch which includes a comprehens ive facilities 
lis ting. About 450 other miscellaneous projects were undertaken for all 
units of  the Inst itute .  They ranged from half-hour photographic jobs t o  
forty-hour drafting projects . 

The number of  requests for information and cop ies o f  survey docu
ments from the private sector continues to grow . An average o f  eight 
telephone queries are handled daily by our Nautical Info rmat ion Officer . 

The rotation o f  senior cartographers into the Qual ity Control Unit 
continued through mos t  o f  1 979  whereby working level cartographers spent 
two-month periods on assignment . This has given p artic ipants an opportunity 
to demonstrate their ability and management an opportunity to assess their 
capabilities . 

Chart Product ion hosted a number o f  tours for individuals and 
groups directly associated with chart-making . The largest o f  these groups 
consis ted of 125 members of the Victoria Canadian Power S quadron . A second 
Canadian Power S quadron (CP S )  tour for the Brentwood S quadron turned out 
about 50 members . Also , a total of  three displays were prepared including 
the CP S Display which will be made available on loan to CPS S quadrons 
across Canada . 

As usual , distribution of  charts reached its peak in mid-summer . 
Delays due to volume in mid-summer were as high as ten days but complaints 
regarding delays were at a minimum . Chart Distribut ion embarked on an 
advertis ing program which began with the c irculat ion of  two News letters to 
all Chart Dealers in the Reg ion . Efforts are being made to maintain closer 
contact with Dealers , thereby improving the s ervice to chart users . 

In Automated Cartography the following graphics are now being 
generated on the Univac 1 106 computer and drawn on the Kongsberg f latbed 
plotter! 
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1 .  fully graduat ed borders , international s tyle ; 
2 . small-craft borders; 
3 .  hyperb olic navigational lat t ices , including Loran-C ; 
4. wind velocity charts ;  
5 0 grids. 

Cartographers in Chart Product ion are now b eing trained in the use of thes e 
programs and are us ing them in the production of  charts .  Cartographer s are 
also using a GOMADS program to produce borders for compartment charts and for 
charts with insets . The MOSAIC pro gram is now operat ional but has not yet 
b een used in production . This program generates source f ile data at varying 
s cales and produces proj ections to a common f ile . 

Cha r t  Produc t i on a n d  D i s t r i b u t i on pe rson ne l  i nc l u d i ng s umme r  s t uden ts  pho to
g r aphe d on one of s eve ra l ter ra ces a t  the I ns t i t u te of O cean S c i ences . 
June 19 79 . 
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The digitizing program was received from Ottawa and was modified 
to handle the Talos digitizing table and to run under the RSX1 1M operat ing 
system. Also , the Talos system had the following modif ications: 

1 .  the inter face was modif ied to give the system the same 
funct ional capabilities as the Gradicon table ; 

2. a beeper/talk box was designed and built by Institute 
Electronics ; 

3 .  a scrib ing cursor was designed and built by contract . 

The digitizing table had unaccep tably large errors and was s ent 
back to the factory for repairs . 

Production & Distribution Statistics 1 9 7 9. 

New charts published 6 

New editions published 61  

Preprints published 1 6  

Overprinting o f  existing chart stocks 1 

Notices to Mariners 107  

Notices to Shipping processed 13  

Chart pat ches printed 6 

Number of charts corrected 1 9 7 , 500 

Chart corrections (hand amendments ) 2 , 158 , 3 1 7  

Total charts distributed 224 , 1 10 

Total publicat ions distributed 74 , 073  

Dealerships inspected 3 6  

New dealerships established 20 

New Small-craf t  dealers 15 

Dealerships withdrawn 5 

MAREPS processed 3 0 6  
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TIDAL AND CURRENT SURVEY SECTION 

W . J . Rapatz - Regional Tidal Superintendent 

A. B .  Ages - ilc Hydraulic Research 
R . E .  Brown 
W . R .  Crawford - ilc Tidal Research 
A . N .  Douglas (Comput ing Services) 
G .  Ellison 
W . J . Harris 
F . V .  Hermiston 

*Joined during 1979  

W . S .  Huggett - ilc Current Surveys 
*K . S .  Lee (Computing Services)  

A . C. Ma 
A . J .  Smedley 
F . E .  Stephenson - ilc Tidal Survey 
M . J . Woodward 
A.L . Woollard ( Computing Services) 

1 9 7 9  was an extremely busy year for this section. In January 
W. S .  Huggett and W . R .  Crawford were assigned to be part o f  the FGGE proj ect 
on the equator , and both men spent s ix weeks aboard CSS Parizeau obtaining 
current and current shear measurements acros s  the equatorial undercurrent 
to define its limits . S ix transects of the equator were made between 20N and 
20s. A free-fall microstructure ins trument was also deployed 45 times to 
measure micro'structure shears and temperature gradients. 

In May , Current Surveys combined with Offshore Oceanography in a 
study of the waters on and adj acent to the continental shelf on the wes t  
coast of Vancouver Island , part of the Coas tal Ocean Dynamics Experiment 
( CODE) . Thirty-f ive current meters were deployed along two lines running 
out from Estevan Point and Brooks Peninsula . All moorings were success fully 
retrieved and re-deployed in S eptember, and work is underway on the analysis 
of the f irst set of dat a .  Instruments will remain in place until S eptember 
1 980 . 

Field work for the survey of the Gulf Island passes and Quats ino 
Narrows was completed, all tide gauges were recovered , and analys is of the 
data is underway, which will give better current predictions for inclus ion 
in the T ide Tables . 

Hydraulic Research cont inued its measurements of salinity and 
currents in the Fraser River in order to determine the behaviour of the salt 
wedge and to support a s tudy of the migration pattern of salmon , reques ted 
by Department of Public Works for its Fraser River Shipping Improvement 
proj ect . 

Product ion runs of the exis ting mathematical model of the Fraser 
River were made at the request of various government and private agenc ies . 

A f ield program of current , salinity and temperature measurements 
was carried out in the mouth of the Skeena River . Oil spill s imulation 
models were developed t o  provide information for various oil port enquiries . 
Surface drift measurements were carried out in the western part of Juan de 
Fuca S trait , in cooperat ion with the Pacific Marine Environmental Laboratory 
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in Seattle . These measurements were made to test and improve a model 
predict ing the course of potent ial oil spills in that area . 

T idal Survey carried out two surveys in the Arctic . One , in 
conj unction with the t idal group in Atlantic Region , where the records are 
being analysed , was the installation of three tide gauges in Peel and Franklin 
S traits and Prince Rupert Inlet . These gauges were recovered in June after 
two months ' deployment .  In mid-August eight pressure gauges were ins talled 
in Coronation Gulf , Queen Maud Gulf , St . Roch Basin and the connecting 
waterways . Three pres sure gauges were deployed as barometers , and all 
instruments will be recovered next year . 

The data from the twenty-three permanent and four temporary tide 
gauges are processed and analysed on a routine basis , and process ing is now 
much more eff ic ient with the introduction this year of a d isc-oriented data 
processing system. Four TATS (Tidal Acquisition and Telemetry System) units 
were installed this year at Vancouver , Point Atkinson , Victoria and Bamf ield . 

VANCOUVER ISLAND 

1. 

3 .... .... 30 

5. 

PACIFIC OCEAN 

COASTAL O CEAN DYNAM I CS E XPE R I MENT ( CO DE )  . •  C u r ren t me te r moo r i ng pos i t i on s . � Shore t i de g uage pos i t i on s . E P  l i ne pos i t i on s  1 ,  2 ,  3a & 5 have offsh o re 
t i  de g uages . 
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Tidal Research completed a s tudy of the comb ined effects of weather 
and tides upon sea levels at periods longer than two days at four British 
Columbia ports , and this will be published as an Ins titute report in 1980 . 
The study showed large oceanic responses to air pressure and wind changes 
wes t  of Vancouver Is land . 

As part of the Coastal Ocean Dynamic s Experiment six pressure 
gauges were deployed in near-shore waters along the wes t  coast of Vancouver 
Island and four pressure gauges were moored in waters  up to 2500 m depth . 
The s tudy will examine t idal and wind-driven currents and their relation to 
sea levels along the shore and in deeper waters . The results will improve 
current predict ions for offshore waters and thus aid navigat ion , f ishing 
and o il sp ill management . 

DIVING UNIT 

Regional Diving Of f icer F . E .  S tephenson 

Field Hydrography: K .  Czotter Tides & Currents: F .  Stephenson 
R .  May M .  Woodward 
M .  Preece 
E .  Sargent Coas tal Zone: L .  Spearing 
D .  Wood 
J. Vosburgh Ocean Chemistry: D .  Paton 

F .  Whitney 
Engineering Services: J .  Galloway 

B .  Hinds Ship Divis ion: G .  Price 

Diving Unit 

This is the f irst year that a summary of the Inst itute ' s  diving 
activities has been included in the Annual Report . The diving unit is a 
very important but nebulous group which at present consists of fourteen 
qualified divers - ten o f  whom work in the Hydrographic Divis ion , one in 
Ship Divis ion , and three in the Oceanographic Divis ions . All divers perform 
other full t ime functions and their s ervices are utilized by various sect ions 
within the Inst itute on a "fair exchange" bas is . The task of trying to 
achieve this "fair exchange" is handled by the Regional Diving Officer in 
consultation with the divers ' supervisors. The Regional Diving Off icer is 
also responsible for diver health , training and safety , and for the purchase 
and maintenance of equipment used by the divers . Almos t  all funding is 
provided by the Field Hydrography and the Tidal & Current Survey sect ions . 
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NUMBER OF DIVES* PERFORMED : 1 9 74-197 9 

197 9 

Ship Divi sion 0 

Field Hydrography 3 (& Engineerin g Service s)  

Tidal & Curren t Survey 81 (& Off shore Oceanography) 

Coa stal Zone 44 

Ocean Chemis try & 
4 Ocean Ecology 

Training & Recreation 9 

Miscellaneou s 0 

Total 141 

*Definition of "dive" as used in this 

1978  

2 

1 5  

122  

63  

12  

17 

1 

232  

report : 

197 7 

4 

2 

2 5  

16  

10  

10  

2 

6 9  

1 976 

2 

7 

1 1  

4 

3 

27 

1 9 7 5  

7 

2 

2 7  

14 

9 

5 9  

197 4 

9 

16  

15  

17 

o 

57  

1 .  each diver in the water constitutes a dive , i . e .  three divers 
in the water - three dives ; 

2 .  if a diver i s  out o f  the water more than two hours and then 
dives again it is a new dive ; 

3 .  if a diver dives at several locations then each location counts 
as a dive (regardless of the surface interval t imes) . 

Between 1 9 7 4  and 1 9 7 7  the number of dives* performed by the d iving 
unit averaged 46 a year . In 1 97 8  the number of dives increased dramatically 
to 232 and in 1 9 7 9  there were 1 4 1  dives . 

The increased diving activity these past two years was mainly due 
to the large number of bottom mounted pressure gauges being ins talled , 
positioned and serviced using divers . The Tidal & Current Sect ion, Coas tal 
Zone Oceanography and Off shore Oceanography have all benef itted tremendously 
from these services . Some proj ects currently underway would not be pos s ible 
without divers and others , while possible , would yield a lower quality of 
data . 

In 1 97 9  divers also conducted important shoal examinations , observed 
the f ield tests of new equipment , ins talled or repaired fluorometer intakes , 
thermistors , t ide s taffs and conducted searches for los t  equipment . 

The diving s tatistics are heavily biased by the pressure gauge 
activity , but most dives were to a dep th of approximately 15 metres for a 
duration of 30 minutes or less . Divers spent a to tal of 55 hours and 1 7  
minutes in the water during 1 9 7 9 . I t  is anticipated that diving act ivity will 
remain fairly constant over the next few years and that the diving unit , as 
presently structured , will continue to meet the demands of it . 
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TSUNAMI ADVISER 

S . O .  Wigen 

Investigations have continued to determine the frequency and 
magnitude of tsunamis to be expected on the Canadian wes t  coas t . At Tofino 
thirty-three had been recorded on t ide records in the 7 1-year period 
1 906- 1 97 6 . The largest of these was the Alaskan tsunami of 1 964 , with a 
maximum wave height of 240 cm, followed by the 1 9 60 Chilean 1 26 cm tsunami . 
Although it is not pos s ible to predict when the 1 964  disaster will be 
equalled or exceeded , a logarithmic plot of the events , as shown on the 
accompanying diagram ,  is valuable in es timating the size of a typical 
once-in-a-century tsunami . Such an es timate is necessary for coas tal zone 
management and for the development of land use policies in areas where 
tsunamis pose a potential threat . 
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Efforts to stimulate public awareness of tsunamis have achieved 
some success . An increas ing number of eng ineering f irms are consulting the 
Institute regarding t sunami hazard during their planning of new industrial 
and port fac ilities for low-lying coastal areas . 
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Resources have been developed at the Institute during 1 9 7 9  to 
support tsunami investigat ion , and a tsunami library of more than 1 000 papers 
has been catalogued and made available for researchers . 

Internationally , the Institute took the lead in develop ing a j o int 
Canada/U . S .  report on the use of satellites in the tsunami warning system.  
The tsunami adviser has participated in tsunami workshops in California and 
Hawaii , and in tsunami symposia at the Pacific S c ience Congress ,  Khabarovsk, 
USSR and the Internat ional Union of Geodesy and Geophysics , Canberra , 
Aus tralia . Liaison vis its have been made to tsunami warning centers at 
Ewa Beach , Hawaii ; Palmer , Alaska ; and Tokyo and Osaka , Japan to encourage 
international co-operation and improved technology for more effective 
warnings to all Pacific rim countries . 

COMPUTING SERVICES SECTION 

K .  Teng - Head 

R. E .  Johns 
D . B .  Smith 
S . R .  Oraas 
J . W .  Butcher 
A . N . Douglas � Tides & Currents 
M . G .  Foreman - Numerical Modelling 
J . S .  Page - Ocean Chemistry 
P . J .  Richards - Numerical Modelling 

*Joined in 1979  
**Left in 1979  

Univac 1 1 06 Computer Sys tem 

A . H .  Wharton - FSRG 
A . L .  Woollard - Tides & Currents 

*K. Holtham - Numerical Modelling 
*B . Clark 

**R . G .  Hlady - Management Services 
P .  Lacroix 

*K . Lee - Tides & Currents 
*J . Linguanti - Offshore Oceanography 

The Univac system continued to evolve in 1979  with some hardware 
changes and software upgrades . A second Fas trand controller was purchased 
and ins talled in February ; this provides a second access path to the 
Fas trand drums (used for on-line mass s torage) . The result has been improved 
batch through-put and demand response times via reduced I/O contention and 
consequent access queuing to the drums . To provide the required I/O channel , 
an on-site 1004 reader/printer was replaced by the former Vancouver remote 
batch terminal (now operat ing as  a remote 1 004 , through the communications 
controller) . At the same t ime , the seldom-used card punch was removed from 
the system .  

I n  October , a second Uniservo 1 6  dual dens ity tape drive was 
installed ,  replacing one of the older 800-bpi drives . This enables more 
extensive use of magnetic tapes recorded at 1 600-bpi . Also , two more medium
speed ( 1 200 bps)  communicat ions ports were added , bringing the total to s ix 
at 300 , six at 1200 , and two at 1 800 for asynchronous terminals . The pro
liferation of computer terminals continued , including an HP 2635A printing 
terminal with upper and lower-case capability . 
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A new drum plo t ter (Hous ton Ins truments DP8 S3 , with 3 pens) was 
f inal ly delivered in November .  This will replace an old off-line Calcomp 
5 6 3 ,  and will be driven f rom the Univac through an on-line controlle r ;  sof t
ware development to support the new plotter has been started . 

Software development s  included the following : 

- The batch scheduling algorithm was revised to g ive a higher priority and 
hence a shorter turn-around time for j obs requir ing relatively smaller 
amounts of computer time ; 

- New versions of ASCII Fortran , COBOL , PL/ I ,  APL , Sort/Merge , Plot queuing , 
Plot previewing , Tape translation , and the IMSL Mathemat ical and Statistical 
library were implemented ;  

- The LINPACK subrou tine library for so lving systems o f  l inear algebraic 
equat ions was installed ; 

- An asynchronous communica tions hand ler to enable transmission of da ta 
from/to fore ign device s  ( such as programmable calculators)  was developed ; 

- The compu ter ized Library Book Catalogue proj e c t  was resurrec te d ;  the data
base was rede s igne d ,  and the da ta entry program was re-wr itten to be much 
smaller and f aster . 

An "Introduc tory Guide to the Univac 1106 Computer System" wa s 
printed in Harch, and a "Univac 1106 U ser s '  Manual" is now available in 
machine-pr intable f orm . Info rmat ion relating to recent or upc oming c hanges 
to sys tem sof tware , opera t ions pol icy , or scheduled sy stem down- time wa s 
public i zed via the " Systems and Operations No tice s" serie s  of sys tem news 
f ile s .  

Comput ing Services s taff per formed an informa l Bench-mark Study 
in the spr ing , to de termine tha t the workload statistic s  ($-value ) and rate 
struc ture are realistic , when compared to an external service bureau . In 
the fall,  the staff  partic ipated in formal benc h-mark s tud ie s ,  as part of 
an evalua tion of the Univac 1106 , conduc ted by the Evalua t ion and Audit 
Branch of departmental headquar ters . A maj or objec tive of this study was to 
determine whe ther i t  is cost-effec tive to cont inue the opera tion of the Univac 
1106;  the f inal re sults are expec ted early in 1 98 0 ,  bu t preliminary data 
indica te the system is cost-e f fe c t ive . 

Minor adjustment s  were made in the acc ounting s truc ture . In 
Augus t ,  the overnight rate factor ( 6 0% )  was extended to cover the entire 
weekend . In Oc tobe r ,  a charge was instituted f or catalogued mass storage 
files tha t are rolled out to tape ; this charge is 1 / 3  o f  tha t for on-l ine 
f iles . System utilization levelled o f f  in 197 9 ,  as ind icated in the following : 

Average monthly usage ($ ) 

OAS users 

O ther users 

To tal 

1978  197 9 

3 2 , 4 3 9  

5 , 7 06 

38 , 14 5  

3 1 , 8 3 2  

9 , 3 91 

41 , 2 2 3  
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Automated Cartography 

In 1 9 7 9  the digitizing system b ecame operational . The digitizing 
program DIGNTX was received from CHS headquarters in Ottawa . I t  requires 
extensive modif ications to run under RSX- 1 1M on our PDP-II minicomputer and 
to accept our diff erent hardware configurat ion . A combined beeper and talk 
box was des igned and built by Institute Electronics for connec tion to the 
digitizing sy stem. A scribing cursor was des igned and built by an outs ide 
company . Also, modificat ions were made to the micro-processor controlled 
interface for the digitizing table to control the talk box and to give the 
table the funct ions required by DIGNTX . The system was used success fully by 
the Victoria Capital Regional District to digitize property boundaries from a 
series of map sheets .  However , the table was found to have errors which were 
too large for Chart Product ion , and was therefore sent back to the factory 
for repairs . 

Cartographers from the Chart Production s ection have been trained 
in the operat ion of the automated cartography equipment and can now produce 
their own borders and lattices on i t .  This involves encoding specifications 
onto punched cards , running them through the Univac 1 106 , and then making 
any necessary modifications using GOMADS and other interactive programs on 
the PDP-II . To assist in the product ion of compartment charts and borders 
with insets , a program was written to allow the user to interactively shif t 
and rotate various elements within a graphics f ile . An additional program 
was written to assist in the product ion of wind velocity charts , and thes e  
are now being drawn on the Kongsberg photoplo tter . 

Mini/Micro Computing 

Activity in the area of minicomputers and microcomputers in 1 9 7 9  
ref lects the trend in computer technology toward distributed intelligence . 

The T ides and Currents group moved to a greater use of the multi
user operating system on their Hewlett-Packard 2 1 00 system.  Coastal Zone 
Oceanography acquired a disk dr ive for their HP2 1 1 2  sys tem ,  greatly enhancing 
the program development capability of that system .  The Ocean Mixing Section 
added a programmer for Programmable Read-Only Memories (PROMS) to their 
sys tem ,  which together with an enhanced Cross-Ass emb ler for INTEL 8080/8085 
microprograms , provides the Hewlett-Packard users with a very powerful 
facility for program development for microprocessor-based equipment . 

Microcomputing proj ects this year included enhancements to the 
SCRIBE high speed data acquisition system and Remote  S ens ing S ection ' s  SPECTRE 
spectrometer data system as well as the development of the Acoustic Doppler 
Current Meter (ADCM) j o intly by Ins titute Electronics Engineering Group and 
Coastal Oceanography Section with Computing S ervices doing the microprogramming . 



23  

ENGINEERING SERVICES 

J .V .  Watt - Head 

Institute Electronics 

*** T . A .  Curran - Proj ect Engineer B . A .  Johnson 
L . W .  Dorosh R .  Loschiavo 
J . L .  Galloway - Proj ect Engineer R . A .  Muse 

*** D . G .  Greg son M .  Osborne 
E . W.  Hinds *M . Stone 
C .  Hollinger W . R . Taylor - Head , Technical Support 

* Joined in 1 97 9 
*** Proceeded on educational leave during 1 97 9  

Institute Electronics provides electronics engineering and 
technical support for survey , research and ship operations in the Pacific 
Region . The demands made upon the electronics section remained at a high 
level during 1 97 9 and resulted in the involvement of the staff of engineer s 
and technologists in numerous interesting activities . The capability of the 
section to undertake engineering proj ect s  was significantly reduced this year 
by the temporary loss of two of the staff who have returned to university 
to seek advanced degrees . 

Electronics Engineering Group 

Services to the Institute during the past year involved the usual 
variety of consultation activities and minor modifications but only a very 
limited number of maj or activities . In a departure from the role undertaken 
in the past , one of the two Proj ect Engineers ,  Mr . Curran carried his current 
shear probe beyond the development and test phase into the field to collect 
data during the 1 9 7 9  FGGE trop ical exper iment . In the aftermath of this 
two month cruise he has sp ent considerable effort examining the data 
collected and as of September has undertaken course work at U . B . C .  which 
will lead to a M . Sc .  in Oceanography . 

A maj or engineering ef fort has been applied to the development of 
a gated-doppler current profiler system during 197 9 .  Initial field tests 
have identif ied a number of design improvements which should be completed 
early in 1 98 0 . Other proj ects undertaken during the past year include 
modifications to the f luormetry data acquisition system , mod ifications to 
the PHAS (Hydrographic data acquisition system) system ,  and the building 

of a microprocessor development system and PROM programmer b.ased on 
an HP 2645 terminal linked to the UNIVAC 1106 . A further maj or effort has 
gone into the contracting and management of studies to examine methods of 
detecting pingo-like-features in the Beaufort Sea . These studies which are 
being financed by HARP (High Arctic Research Program) funds are being· 
conducted in c lose cooperation with Field Hydrography . 
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Technical Support Group 

During 1979 the Technical Support Group provided equipment 
maintenance , preparations , installations and field support to the West Coast 
Survey (Parizeau) , Mackenz ie River Survey (Radium Express) , a number of 
smaller coas tal surveys (Richardson) and shore parties at Vancouver , Pitt 
Lake and Harrison Lake. The commissioning of the b arge Pender necess itated 
the installation of an S SB and VHF radio s tat ion. 

New f ield equipment acquired in 1979 and inj ected into the 
maintenance program included two Ross portable survey depth sounders , one 
Simrad depth sounder , one MRS III positioning system ,  one communications and 
paging system , four portable radio transceivers , and a shipboard Communal 
Aerial System to supply AM ,  FM and TV recept ion throughout a ship . 

The group was involved in various equipment trials which evaluated 
a number of launch echo sounders , a shipboard correlation echo sounder 
processor (CESP III) and a new model o f  a large , shipboard echo sounder 
recorder . Other proj ects undertaken this past year included working with 
field hydrography to overcome aeration and propeller noise interference 
problems with echo sounder installations in high speed launches and on the 
modification of two HF radio transceivers to enable the units to drive and 
control a s ingle linear amplifier . Cons iderable effort in assisting the 
navigation group of f ield hydrography saw the eventual success ful integration 
of the rho-rho Loran-C sys tem with the dual-channel , trans it satellite 
navigation syst em in the BIONAV configurat ion . 
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MECHANICAL ENGINEERING 

G . R. Smith - Proj ect Engineer 

A . E .  Moody 
J .  Steeples - Head , Mechanical Support 

Along with his Industrial Liaison and contract super
v�s�on activities Mr . Smith has continued to provide general 
sup ervision of the Mechanical shops and Mechanical Engineering 
services . With the assistance of Mr . D .  Redman , an engineering 
technician/draftsman whose time is shared with Ship Division , 
the group has effectively handled the routine· des ign work 
associated with numerous minor proj ects . 

The Mechanical Support Group which provides shops 
facilities and assistance to users in addition to meeting re
quests for shops services , had a very active 19 7 9 . All 
sectio�s of lOS were making us e of the machining and fabricating 
facilities and accordingly a high level of direct dupport and 
provision of advice and as sistance was required . Many proj ect s ,  
which varied from repairs and modifications to the design and 
construction of prototype devices , were undertaken . 

Proj ects were at times completed with the able partici
pation of Ship Division's Depot Shops and with the utilization 
of a contractor who provided on-the-premises machining services 
to accommodate overload situations . Both the ab ove techniques 
have proven highly success ful in achieving good quality work
manship and in ensuring that all deadlines were met . 

As an indication of the type of work undertaken 
during 1 9 7 9  the following is a sampling of the variety of pro
j ects completed : pressure cases for equipment (Ocean Mixing , 
Coastal Zone Oceanography) ,  salinity syphoning device (Frozen 
Sea Research) , protective cage for a transducer (Coastal Zone 
Oceanography ) ,  Geiger counter sense head (Ocean Chemistry ) ,  
XCTD modification to permit water tunnel tests (Offshore 
Oceanography) ,  hydraulic housing for Pisces IV ( Ship Division ) , 
milling of print bars (Computing Services ) and the us ual array 
of special purpose brackets, panels , plates and such items for 
all s ections of lOS. 
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INDU STRIAL LIAISON AND CONTRACTING 

G . R .  Smith 

The Make-or-Buy policy and the DSS Unsolicited Proposal 
scheme have been positive st eps towards promoting a research and 
development capab ility in the Canadian private sector . In spite of 
these policies , the overall level of Res earch and Development in 
Canada has not changed significantly . In addition , the effects of 
continued financial restraint are beginning to show . There has been 
a reduct ion in the level of contracting by dep artments , and the com
petition for unsolicited prop osal funding has increased cons iderably . 
Although the level of funding for unsolicited proposals has increased 
steadily ,  so  has the numb er of proposals received . At present , re
quests for funding are more than double availab le funds . Even 
though the overall p icture does not look encouraging , those companies 
who have taken the initiative in preparing proposals that ultimately 
result in marketable products and services have done well . 

At the Inst itute of Ocean Sciences , an active contract 
program is still in effect , but the large increases seen in previous 
years did not take place in 1 9 7 9 / 8 0 .  It is unreasonable to expect 
these increases to continue unl es s maj or new programs are funded . 
However it is anticipated that the present levels of contracting will 
be maintained in 1980/81 if Institute funds are not further reduced . 

For companies involved in marine sciences , 197 9 / 80 has 
been a year of continued expans ion in both personnel and markets . 
Most companies have reduced their dependenc e  on government contract
ing and several are now involved in international markets . This 
rapid expansion now makes the need for a Marine Technology Centre 
adj acent to the Institute more obv ious . This centre is expected to 
provide a focal point for marine sciences on the west coast and 
attract an increased volume of bus iness . The concept of a Marine 
Technology Cent re is not new , but in 1 9 7 9 / 80 , the Provincial Govern
ment gave its support to the development . As a result , the British 
Columb ia Development Co rporation wa s invited to undertake the pro
j ect and a lease agreement for the property was finalized. The first 
phase of construction will be completed in 1980 and is expected to 
be fully occupied shortly after completion . Construction of further 
phases will be governed by the demand for space . 
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OCEANOGRAPHIC DIVISIONS 

OCEAN PHYSICS DIVISION 

*P . W .  Nasmyth - Chief of Division 

*Retired during 1 9 7 9  

The programs of the Ocean Physics Division are mostly directed 
towards three main obj ectives : improving the knowledge and unders tanding of 
the oceanography of the waters near the B . C .  Coas t ,  improving the knowledge 
and understanding of o ceanographic processes important in the Canadian Arctic , 
and contributing to the understanding of the ways in which th� oceans interact 
with the atmosphere on the s cales relevant to climate . Using the expertise 
gained from their work in these areas , scientists from the Divis ion are 
frequently called upon to advise local , nat ional and int ernat ional bodies on 
matters of d irec t pract ical concern , such as the environmental risk ass ociated 
with an Arctic tanker port or the possible fate of was te material dumped at a 
particular location . This year maj or efforts were made in the First GARP 
Global Experiment (designed to obtain the first complete description of the 
behaviour of the world ' s  atmosphere over the annual cycle) , and in the 
Coastal Ocean Dynamics Experiment intended to improve understanding of water 
movements on the continental shelf wes t of Vancouver Island . However much 
other work was also accomplished as may be seen from the following pages . 

R . A .  Cooke 
*P . Johnston 

A . W .  Koppel 
R . A .  Lake 
J . M .  McNeill 

*H . Melling 
R . G .  Perkin 

*Jo ined in 1 97 9  

FROZEN SEA RESEARCH GROUP 

E . L .  Lewis - Head 

D . L .  Richards 
*B . Smiley 

R . B .  Sudar 
D . R . Topham 
A .  Wharton - Computing 

S ervices 

During 1 97 9  the Frozen Sea Research Group (FSRG) made field trips 
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concerned with the oceanography of Bridport Inlet on the southern shore of 
Melville I sland; tested measurement techniques used to determine the heat flow 
from polynyas (areas of open water within growing sea ice) ; j oined with other 
agenc ies in acquiring field data aimed at the development of a computer model 
for sea ice mot ion in the Beaufort Sea near shore and acquired data from the 
s ill of a polluted Greenland fj ord from ins truments deployed in 1 9 7 8 . Work 
was also carried out on the physics of underwater oil well blowouts; on 
ins trument development , in particular a "salinity sucker" a device for looking 
for ice crystals in water; and on the new "Pract ical Salinity S cale 1 9 78 " .  

A study of phys ical o ceanography in Bridport Inlet (Melville Island) , 
initiated in 1 978 , continued through 1 979 . Bridport Inlet is the proposed 
northern terminal for the Arctic Pilot Proj ect whereby liquid natural gas 
would be transported from the gas fields of the Sverdrup Basin to southern 
markets year round . In early March the tracked vehicles and sleds forming 
the logistic base for winter operations were moved from Resolute Bay to Rae 
Point by C- 130 transport aircraft and then were dr iven for four days along the 
shoreline of Melville I sland to Bridport Inlet . During the remainder of March , 
6 1  CTD casts were taken , s ix Aanderaa recording current meters were deployed 
to await summer recovery , one tide gauge deployed in August 1 9 7 9  was recovered 
and two more gauges were deployed . In addit ion an ultrasonic current meter 
was used in conj unct ion with a prototype conductivity-temperature ( CT) chain 
to inves tigate internal waves within the inlet . Operations were made diff icult 
by high winds. ( 40-50 kno ts ) coupled with low temperatures (-300C to -450C) . 
Water structure showed a marked dif ference between water ins ide and outside 
the inlet . The recording current meters which provided a record of 100- 1 25 
days ' duration showed complex currents at the inlet entrance . Within the 
inlet signif icant currents were sustained only during runoff in late July . 
Internal waves were evident on CTD profiles and well-defined internal wave 
packets were recorded by the ultrasonic current meter and CT chain . Work 
was initiated with the modelling group at the Institute to model res idual flow 
within Bridport Inlet . Further field work is planned . 

The second stage of the Polynya Proj ect , intended to tes t measure
ment techniques , was enac ted . A combined team comprising members of FSRG , 
AES and BIO established camps on Dundas Island , N . W . T . , to make preliminary 
measurements of heat flux from an area of open water under condit ions of 
extreme temperature difference . Unfortunately conditions were far from ideal , 
the only open water consisting of two adj acent patches approximately 200 
metres across , bordered by a large rubble field . These open areas were short 
lived , freezing over before the measurements could be completed . 

FSRG completed operat ional flight trials of the radio controlled 
model aircraft and gathered temperature data over both solid ice and open 
water . In general the aircraf t and its data telemetry system performed 
satis factorily under arctic conditions , but development has cont inued during 
the summer with the addit ion of on-board positioning equipment accurate to 
± 2 metres based on the Decca Mini-fix system ,  and an improved control system. 

Mean air temperature profiles were ob tained from a 4 metre mas t 
which suggest that , over fetches of up to 60 metres , the maj or temperature 
drop takes place within a dis tance less than one metre from the water surfac e .  
Moored current meters in the vicinity o f  the polynya indicated that over a 
10-day period , the tidal flows from the north , that is from areas of thin or 
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broken ice , were consistently cooler than flows from the south , the direction 
of unbroken ice cover . 

Unfortunately neither the AES nor BIO parties were able to obtain 
data over open water s ince the open areas closed early in the trip , but both 
achieved full tests of their equipment under operat ional condit ions and on 
the over-ice atmospheric boundary layer . 

In the second half of 1979 , we became involved in the Beaufort Sea 
Winter Ice Experiment , a j oint government / industry study aimed at the develop
ment of a computer model to predict the motion of sea ice . Such prediction 
requires an understanding of the combined ef fects of winds , ocean currents , 
the rotation of the earth and the strength of ice on the ultimate speed and 
direct ion of ice drif t .  To provide data to test the models being developed , 
a co-ordinated observation program of the ice , o cean and atmosphere over an 
area of 100 , 000 square kilometres in the southeastern Beaufort Sea was con
ducted in November and December 1979 . We carried out a survey of ocean 
temperature and salinity over the area to a depth of 400 metres . These measure
ments will be used to calculate the steady current at the surface of the ocean 
and its effect on ice movement . Due to unusually mild weather , which resulted 
in relatively thin ice for the season , and to the limited amount of daylight 
with encroaching polar winter , mos t  of the measurement s ites were vis ited 
us ing a helicopter equipped for instrument flying and capable of keep ing its 
full weight off the ice while s tationary . Several more d is tant s ites (up to 
400 km offshore) were visited using a ski-equipped aircraf t .  The survey was 
successfully completed in six days . Analysis of the data acquired , and FSRG 
participat ion in computer development , will continue into 1980 . 

Acqu i s i t i on of oceanog raph i c  data  t h rough  the s ea i ce i n  l ate  Novembe r  1 979 
a bout  300 km n o r th of the Beaufo r t  Sea coas t .  Spec i a l  ca re had  to b e  t a ken 
to  put th i s  Tw i n  Otte r a i r c raft  down on the t h i n  i ce ex i s t i ng a t  that  t i me 
of yea r and i t  was p receded by a Ces sna  185  that  co u l d  s a fe l y  l an d  on much 
th i nner  i ce and rad i o  b ack the meas u red th i ckness  to the O t t e r  p i l ot .  The 
obse rve rs a re recove r i n g the conduct i v i ty-temper a t u re depth  p robe a f t e r  i t  
had b een  l owe red us i ng the sma l l porta b l e  w i nch s hown . 
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Mine tailings were being dumped into Agfaid ikavsa Fj ord in Greenland 
with the expe ctation that the s ill at the head o f  this small fj ord would re
tain the sediments . However , the pollutants were es cap ing and a current meter 
ins talled on the sill to monitor cond itions showed that relat ively high 
currents could occur during "event s "  re sul ting from denser water sp illing over 
the sill . This displaces the polluted water in the small fj ord rais ing it over 
the level of the s ill so that it can p as s  in Quamaraj uk Fj ord . Analys is of 
this data is continuing . The mine has recently improved its process to remove 
most o f  the dangerous metals from the effluent . 

The laborat ory s tudies o f  gas hydrate formation and out-gassing of 
o il drops were completed under a contract let to the University of Calgary . 
The vert ical f low , high pressure water tunnel des igned and built in 1 9 7 8  was 
success fully operated at pres sures up to 1300 psi and the behaviour of hydro
carb on gas bubbles were s tudied under condit ions of both cons tant pressure and 
s imulated r ise (decreas ing pressure ) over a range 1300 ps i .  The formation of 
gas hydrates was demons trated under a variety of condit ions which suggests 
that , in a blowout occuring at dep ths greater than 500 metres , all the gas 
would be conver ted to solid hydrate . Experiments on the de compress ion o f  gas 
saturated oil drops showed that in the absence of hydrate particles the d is
solve d  gas dif fused d irectly into the water column . With hydrate part icles 
present in the water column ,  the oil drops be came coated with hydrate whi ch 
de composed under s imulated rise condit ions . At no t ime d id out-gas s ing result 
in fragmentat ion of the oil drops . 

A further contract has been let to elucidate some features of the 
present result s ,  in part icular , the role playe d by background d issolved gas in 
controlling the induct ion t ime o f  the formation process . 

An issue of interest to arctic oceanographers for many years is the 
apparent supe r-cooling of waters beneath growing se a ice . A "salinity sucker" 
has been cons tructed which is capab le of measuring the conduct ivity and tem
perature o f  the water pumped past these sens ors while collecting entrained ice 
crystals on a filter . Super-cooling is relieved by the passage of the water 
through the filter and the amount of ice can be measured in si tu by melting 
the ice in a c losed chamber and measuring the resulting change in salinity . 
This informat ion will further the unders tanding o f  ice formation and growth as 
i t  occurs in nature , and will also provide a means o f  ascertaining the heat 
balance in the water of po lynya and thereby supp lement the atmospheric 
measurements . 

Salini ty , or the fract ion by weight of salt dissolved in seawater ,  
is a quant ity in everyday use by oceano graphers . However there are ser ious 
prob lems in present def init ions making the uncertainty in inter-inst itut ional 
comparisons cons iderably greater than the precision of the measurement . In 
response to the need for a universally accep ted method o f  calculat ing s alinity , 
the Jo int Panel on Oceano graphic Tab les and Standards generated a new and more 
accurate data set based on our recommendation for the "P ract ical Salinity 
Scale 1 9 78" .  We had the task o f  providing the de finition and fitting these 
data to a set of empirical equat ions valid over the entire oceanographic range 
o f  variables . This was done and the e quat ions and the def inition o f  salinity 

were accepted by the IAP SO at the IUGG meet ing in Canberra in December 1 9 7 9 . 

Giving environment al advice to commit tees conce rned with arct ic indus 
trial development has now become a maj or task which require s about two person/ 
years annually . The Arctic Water Advisory Committee prob ably g ives the most 
work o f  the eight in which we presently participate . 
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I N T E R N A L  WAV E S  
( BRE AK I NG O N  S H O R E ) 

F i g u re 1 .  Sea  i ce i s  fa r l e s s  s a l ty than  the wa te r  f rom wh i ch i t  g rows and  the  
rema i n i ng s a l t i s  rej e cte d at  the  f reez i ng i n te r face . Th i s  p roduces  a ve rt i ca l  
con ve c t i ve c i rcu l a t i on wh i ch pe ne t ra tes  downwa r ds to a de p th depen d i n g on the 
wa te r den s i ty s t r uc t u re to p ro d uce a two - l aye r sys te m ,  as shown i n  th i s  
s chema t i c .  A typ i ca l  dep th of the con ve ct i ve 1 y m i xe d  l aye r m i gh t  be 50 me t res 
a nd , whe re the wa te r i s  s h a l l ow , the m i x i ng p rocess  i s  not comp l e te b e fo re the 
co l d ,  den s e  b r i ne re je cte d  by the i ce h i ts bo ttom and f l ows down the s l ope . 
Th i s  p roce s s  has  been o b se rved i n  b ays , and  i t  i s  ve ry p robab l e  th a t  i t  occu rs  
on a m uch l a rge r s ca l e  i n  the  A rc t i c  O cean as  a who l e ,  wh i ch h a s  s he l f seas  of  
a rea about  tw i ce that  of the  bas i n . I t  has  b een  n o te d  that  c u r ren ts o f  dense 
wa te r a l on g  the bot tom a re of ten m i xed i n  b y  b re ak i ng i n te rna l waves , a po i n t  
made s chema t i ca l l y  i n  the f i g u re .  

Te m p  °c 
- 1 .6 

- 1 .7 

- 1.8 

90 M i n  
.. Do C onduc t i v i t y  m mho/ e m  

2 5.9 

2 5. 8  

2 5 . 7  

2 5.6 

F i g ure 2 s hows s uch a wave pa t te rn, as des cr i be d  i n  f i g u re 1 ,  on the i n te rface 
be tween the m i xed l aye r a n d  b a s i n  wa te r a t  B r i dpo r t  I n l e t ,  a s  re co rded b y  o u r  
" sa l i n i ty cha i n" .  
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F i g u re 3 s hows co l d  s a l i ne wa t e r  on the b o t tom a t  a l oca t i on about  1 00 km n o r th of the Beaufor t Sea coa s t  
a t  a dep th of 4 8  m wa te r .  The s e a  i s  nea r l y  a t  the f ree z i ng  p o i n t  (ma r ke d  w i th c rosses  o n  the f i gure) from 
top to b o ttom b u t  s hows a s u dden i nc re a se i n  s a l i n i ty an d ,  hence , i n  den s i ty ,  i n  the l as t  8 m .  
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W . R .  Bell 
R . R .  Bigham 
R . J . Freeland 
L .  Giovando 
G .  Kamitakahara 

*Joined in 1 97 9  
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COASTAL ZONE OCEANOGRAPHY 

D .M .  Farmer - Read 

A . P . Lee 
J . R .  Meikle 
D . G .  S ieberg 
L . A .  Spearing 
J . A .  S tickland 
D . J .  S tucchi 

*Z . W .  Xia 

This year Coas tal Zone embarked on a maj or f ield op erat ion on the 
continental shelf as part of the Institute ' s  Coastal Ocean Dynamic s Experiment 
( CODE) . A line of current meter moorings formed the southernmost of the 
experimental arrays , and initial data from these look promising . The dynamics 
of shelf waters critically influence the flushing of deep estuaries and we 
have taken the unique opportunity provided by the exper imental work on the 
shelf to s tudy exchanges with Alberni Inle t .  Early data from this proj ect 
also look promising . 

A workshop on Fj ord Oceanography , funded by the NATO Advanced 
S tudies Inst itute , was hosted at the Institute .  One hundred and two scientists 
from 10 different countries attended with interests in the physics , chemis try 
and biology of fj ords . 

Continental Shelf Proj ect 

This is the f irst year of a maj or effort by Coastal Zone Oceanography 
to study some aspects of the circulation on the continental shelf and s lope 
wes t  of Vancouver Island . During 1 97 9  Coas tal Zone sent a total of seven 
cruises to the shelf on this proj ect . 

In April 1 9 7 9  four current meter moorings , and one anemometer buoy , 
were deployed along a line perpendicular to the shelf break and j us t  south o f  
Barkley Sound . All moorings had sub-surface buoyancy , and carried Aanderaa 
current meters . Unfortunately , a short t ime b efore scheduled recovery , two 
of our moorings were hit by mid-water trawling vess els and were dragged a 
considerable distance . Despite this , current meters were recovered from the 
affected moorings , and the data return from the entire deployment is actually 
quite good ; 6Yz complete records , out of a total of 10 deployed , have been 
returned . Furthermore , data are available from every mooring for almost  the 
ent ire period of deployment . The mooring array was recovered in early 
October , and the ent ire array has been redeployed . We hope to maintain the 
array until May 1 98 1 ,  so that two complete s easonal cyc les will have been 
observed . Current meter processing has j us t  b egun (as of  writing) and it is 
too early to come to any s ignificant conclusions . 
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T i me s e r i es o f  d i s s o l ve d  oxy g e n  con cen t ra t i on ( i n  m I l l ) ve r s u s  d e p t h  a t  a s i n g l e  C oa s t a l  Zon e 
O c e a n o g r a p h y  s t a t i on on t h e  co n t i n en t a l  s he l f  o f f  B a r k l ey S o u n d , i n  1 979 . A p e r i od o f  ext reme l y  
l ow oxy g e n  va l ue s w a s  ob s e r ve d  t h ro u g h  J u l y  t o  A ug u s t ;  t h e  va l u e s  a re s u f f i c i e n t l y  l ow t o  c a u s e  
d i s t re s s  t o  d e e p  f a u n a . S ome o f  t h e  d a t a  i n  t h i s  p l o t w a s  a cq u i r e d  b y  t h e  O c e a n  E co l ogy g ro u p . 
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Temperature,  salinity and dissolved oxygen concentrations were 
measured on each cruise , and the results have been surprising . During a two 
to three month period in mid-summer , 1 9 7 9 , a water mass encroached on the 
shelf which was distinguished by high density and very low oxygen concentra
tion . The oxygen is low enough to cause serious distress to bottom living 
and deep swimming marine animals . (The oxygen concentration values were 
below one mllL at the bottom . ) It remains to be seen whether or not this is 
an annual phenomenon . A preliminary analys i.s suggests that this water mass 
could not have come directly from offshore , for several reasons , and so we 
conclude that alongshore drift , or advect ion , mus t  be responsible . The test 
of that hypothes is mus t  await detailed analys is of the current meter records . 

The shelf proj ect is being run in close collaboration with the pro
j ect in Alberni Inlet described below . It is hoped that the study on the 
continental shelf will help identify the sources of water that are invo lved 
in the deep-water renewal events in Alberni Inlet . 

Alberni Inlet Circulat ion S tudy 

An investigation of some oceanographic features of the Alberni 
Inlet - Barkley Sound fj ord system was begun in 1 9 79 . In particular , it is 
intended to study the deep water circulation , including the inter-relationship 
with upwelling on the continental shelf . Data are being gathered with two 
moored instrument arrays , one in each maj or basin of Alberni Inlet . The 
instruments are recording current speed and direction , water temp erature and 
salinity at half-hourly intervals at three dep ths . In add ition , hydrographic 
cruises are being conducted , �very five or s ix weeks , to obtain water struc
ture profiles , including temperature , salinity and dissolved oxygen , at 
fifteen stat ions throughout the system .  S imilar data will b e  provided by the 
Continental Shelf Programme for the coastal waters adj acent to Barkley Sound , 
so that the influence of coastal phenomena on fj ord circulation can be 
examined . 

From a s tudy of historical data for Alberni Inlet , available mainly 
for the inner basin ,  it seemed likely that shelf water played a maj or role 
in the fj ord circulation , but principally during the late winter and spring 
months , when the deep water in the basin underwent an annual renewal . Then , 
it was thought , the system became relatively quiescent and diffusive processes 
played the dominant role in changing the deep water structure for the remain
der of the year . It now appears that the quiescent period may be considerably 
shorter than previously suggested . The first cruise of the year , in late 
January , showed that s ome renewal of the deep bas in water had already occurred , 
the dissolved oxygen values being much increased . As the upwelling season 
progressed through May and June , dense water appeared on the shelf , resulting 
in an additional substantial replacement of fj ord water . ( I t  remains to be 
shown whether the dense shelf water is the result of upwelling or advect ive 
processes . )  The denser water , as it cont inued to flow into the fj ord , 
decreased in oxygen content with t ime , so that d issolved oxygen levels in 
Alberni Inlet were gradually reduced by this mechanism. Subsequent cruises 
showed that shelf water was s t ill exerting an influence on the whole Alberni 
Inlet system at leas t to the end of August . One result of a preliminary 
examination of the data has been to suggest that the system is very dynamic ,  
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with changes at the fj o rd mouth being advected throughout the system in 
no more than a few days . 

To date only one se t of data from the moored ins truments has 
been processe d .  The period covered b y  these data i s  from Ap ril to  August 
at Junc t ion Pass age and from May to Augus t  at Sproat Narrows . The pro
minent feature in these data is the well-de f ined dense inf low period that 
occurred from May 20 to July 5 at b oth locat ions . 

At Junc t ion Passage the s trongest inflow currents (30 cm/ s )  
were reco rded near the bottom ( 2 0 5  m) wel l  below the 1 0 0  m s i l l  level . 
Furthermore ; the s trong inflow current occurred in three bursts o f  four 
to f ive days durat ion . At mid-depth (145 m) the current speeds were 
lower and the burst-like character was not as well def ined as that at 
205  m.  At both dep ths a t idal signal was evident but it was not of 
suf ficient amp litude to s top the inflow . As expected , sal inity (hence 
dens ity ) at both dep ths increased during this period . 

At the Sproat Narrows mooring the s trongest (40  cm/ s )  currents 
were reco rded near the b ot tom and , generally , the current speeds were 
l arger than those recorded at the Junct ion Pass age mooring . Unlike the 
Junc t ion Pas sage dat a ,  the inflow currents he re are hal f-wave rectified ; 
s trong inflow current during the flood tide , and negligib le currents 
during the ebb t ide . The s al inity data does no t consistent ly increase 
during this period - this could be due to drift prob lems with a conduc
t ivity sens or . However , there is a clear t idal s ignal in the salinity 
data with high s alinities co incident with s trong f lood current indica
t ive o f  a densi ty current s imilar to  that seen in Rupert-Holbert Inle t . 

The Dynamics o f  Flow over S ills 

A two-week f ield program was undertaken in Knight Inlet as 
part o f  a s tudy aimed at improving understanding of t idal interaction 
with a cons trict ion and the way in which this influences circulat ion . It 
was found that under the right cond it ions , boundary l ayer separat ion at 
the cre s t  of the sill can lead to a spreading mixing layer . This laye r ,  
which i s  often marke d  by wel l  de f ined ins tab ilitie s ,  achieve s ,  a thick
ne s s  o f  up to  5 0  m before collap s ing . The format ion o f  lee waves is 
closely linked to separation of the boundary l ayer , in much the s ame 
way as has recently been proposed for the atmospheric analogy o f  flow 
over mountains . Since the lee wave properties depend upon f low spee d ,  a 
critical speed can occur at which the lee waves are ab le to suppress the 
separat ion . However ,  an important distinct ion in the case o f  t idal flow 
over s il ls is the acce lerat ion o f  the current , which may be respons ib le 
for a s trong asymmetry in the lee wave response that we have observed in 
Knight Inlet . 
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Lighthouse Program, Task Force Studies and Saanich Inlet Program 

The program for collection of daily s ea-water samples from B . C .  
light stations continued , together with preparation of 1 97 7  and 1 978 data 
for publication . Advice was given on oceanographic aspects of various 
environmental problems including the proposed expans ion of the Roberts Bank 
Terminal and modifications to the Sechelt Sewage System .  Further ed iting 
was carried out on a Beaufort Sea report concerned with factors affecting 
pollutant dispersal . 

Analys is of water properties in Saanich Inlet is providing further 
information on the flushing of this partly anoxic body of water . The dis
solved oxygen contribution for 1 9 7 8  indicates that below 1 00 m the water was 
not renewed in August / S eptember as has generally occurred in other years . 
Apparently some renewal occurred b etween s ill depth ( 8 0  m) and 150 m during 
July and November ( 1 97 8 ) . At s ill depth during late 1 9 7 8  there were net 
southerly f lows ( i . e .  into the inlet) at monthly intervals , lasting about 
six days in each cas e .  

Miscellaneous 

Watching brief s were cont inued on developments in both mooring 
technology and o cean dumping technology . Development of a three-dimens ional 
s tatic sub-surface mooring model , as an aid in examining oceanographic data 
obtained from moored instruments ,  was completed . Assis tance with mooring 
problems was provided to other groups in the Institute . A fourth review of 
an annual series of  papers relation to the physics of ocean dumping was 
produced . 

A . E .  Garget t  
*P . W .  Nasmyth 

*Left in 1979  

OCEAN MIXING SECTION 

G .  Chase 
R. Teichrob 

The Ocean Mixing Group was incorporated into Offshore Oceanography 
during 1 97 9 ,  following the retirement of group head , Dr . P .  Nasmyth ;  we shall 
miss Pat ' s  smooth handling of our affairs and his cool head in times o f  
crisis . 

Considerable effort in 1 9 7 9  went towards instrument calibrat ion 
facilities . A calibrator built to fit the lOS water tunnel allows complete 
angle-of-attack calibrations of the small ducted rotor current meters used to 
measure forward speed and cross-flows on the Pisces IV submersibl e .  S ince the 
sens itivities of all high-frequency turbulence sensors are functions of mean 
flow speed , this is a particularly important measurement . A plume tank for 
calibration of the platinum film probes used for high frequency temperature 
measurements is near complet ion . 
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Reco rds  f rom Pisces-mou n ted  t u rb u l en ce package a s  the s ubme r s i b l e  passes  t h rough a t ra i n  of h i gh l y  t u rb u l en t 
i n te rn a l waves . As Pisces IV t rave l s f rom the rea r ( l e f t )  to the f ront  of the wave t ra i n ,  the p robes encoun 
t e r  wa rme r and  s a l t i e r wat e r  (WS , ma r ked by a r rows )  where i n te rna l wave c res ts  I i f t the deepe r wate r of the 
i n l et up  to the l eve l o f  the s ubme rs i b l e .  T u rb u l en t  ve l oc i ty ( u l , V i , and W i ) and tempe ra t u re (T I )  f l uct ua
t i on s  a re absen t f rom these reg i on s . Very s t rong downwe l l i ng ve l oc i t i es i n  f ron t of the waves d r i ve the s ub 
me rs i b l e  s tead i l y  deeper i n  t h e  wa ter  co l umn a s  soon a s  i t  passes  t h rough t h e  l e-ad i ng edge of t h e  wave t ra i n .  
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We are presently analys ing the data obtained in Knight Inlet with 
the submers ible-mounted turbulence package.  Records from passage of Pisces IV 
through a highly turbulent train of non-linear internal waves are shown in 
the f igure . As Pisces IV travels from the rear ( left) to the front of the 
wave train , the probes encounter warmer and saltier water (WS , marked by 
arrows in the f igure) where internal wave crests lift the deeper water of the 
inlet up to the level of the submersible : turbulent velocity (u ' ,  v '  and W I ) 
and temp erature (T ' ) in front of the waves drive the submers ible steadily 
deeper in the water column as soon as it passes through the leading edge of 
the wave train .  

*B . W .  Canning 
C .  De Jong 

**J . F .  Garrett 
P .M .  Kimber 
J . S . C .  Kuwahara 

OFFSHORE OCEANOGRAPHY 

J .  Linguanti (Computing S ervices) 
J .  Love 

*J6ined during 1 9 7 9  

B • G • Minkley 
M .  Miyake 

*J . Papadakis 
**S . Tabata 
**R . E .  Thomson 

**Served as S ection Head during part of 1 97 9  

During 1 9 79  a maj or part o f  the efforts o f  the Off shore Oceanography 
Section was devoted to the F irst GARP Global Experiment . However this d id 
not prevent s ignificant participation in a new measurement programme on the 
continental shelf or of continuation of activities related to the weathership 
programme and North Pacific oceanography . 

FGGE Drift ing Buoy System 

Years of planning and preliminary work f inally paid off with the 
successful impl�entation and operation of the Drif t ing Buoy Sys tem for the 
First GARP Global Experiment , (FGGE) . The first of a total o f  368 buoys was 
deployed in October 1 978 , while more than 200 were s t ill  working on November 
3 0 ,  1 97 9 ,  the official end of the FGGE Observational Year . Mos t  of the buoys 
were deployed in the southern hemisphere but there were also a number in the 
Arctic and in equatorial waters . The data from these buoys , which measured 
barometric pressure and sea surface temperature , were collected by the Argos 
system carried on the TIROS-N and NOAA-A satellites . This system also 
permitted det ermination of the position of each buoy several times daily , 
with an accuracy of about one kilometre . 

The informat ion recorded on the satellite was transmitted to one of 
several ground s tations , which in turn relayed it to the Service Argos 
computer centre in Toulouse , France .  There , the raw data were trans formed 
into meteorological variables , and the buoy positions calculated . The 
resulting information was disseminated over the meteorological Global 
Telecommunicat ions Sys tem,  as well as being saved for future research use .  
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T ra cks of d r i ft i ng b uoy s dep l oyed i n  the Southern  Hem i s phere  
d u r i ng t he FGGE  Ope ra t i on a l  Yea r ( Decemb e r  1 ,  1 978 - Novembe r  
30 , 1 9 79 ) . These b uoys repo r ted meas u remen t s  of b a rome t r i c  
p re s s u re and s ea s u rface tempe ra t u re by means  o f  the Argos  
Sate l l i t e and  Data  Co l l ect i on Sys tem . 
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Preliminary results from the meteorological agencies using the buoy 
data indicate a need for significant revision o f  previous ideas on the severity 
and origins of high latitude s torms . Several agenc ies reported a marked 
improvement in their ability to provide weather forecas ts during the period 
the buoy data was available . 

Canada , and 105 in part icular , played an important part in the 
planning and implementat ion of this array . A prototype experiment conducted 
wi�h Canadian buoys showed that the proj ect was feas ible . The complex plan 
for deployment of the buoy array using volunteer ship s was developed by 
Dr . Noel Boston of Beak Consultants under contract to lOS . Canada contributed 
7 4  buoys to the array . Dr . Garrett of lOS served as chairman of the Buoy 
Participants Committee which organized the proj ect throughout its lif e .  He 
also managed the Buoy Control Centre in Toulouse , which provided liaison 
between the buoy participants and the operators of the data collect ion system 
as well as the processing and quality control of the data stored for research 
use . 

Coastal Oceanic Dynamics Experiment (CODE) ( In conj unction with Tides and 
Currents , Ocean Ecology and Coastal Zone Oceanography Sections . )  

Field operat ions for a maj or study of the oceanography off the west 
coast of Vancouver Island began in May with a three-week cruise on board the 
CSS Parizeau . ' Current meters were dep loyed on lines of moorings off Estevan 
Point and Brooks P eninsula , extending from the cont inental shelf to water 
depths of 2500 m roughly 150 km o ffshore , and at the entrance to Juan de Fuca 
Strait . Deep-sea and coastal tide gauges and two offshore anemometers were 
also installed as part of the program . The horizontal and spat ial distribution 
of water properties ( temperature , salinity , dissolved oxygen) in the region 
of the moorings were obtained for a grid of CTD /Hydro stations . 

The CTD/Hydro measurements were repeated with greater detail during 
a two-week cruise in August using the Pandora II , and again in S ep tember when 
all current meters were refurbished . 

Data collected during the 1 6-month field programme will provide 
oceanographers of the Institute of Ocean S ciences with a detailed knowledge 
of the spat ial and temporal variability of currents , water propert ies and 
phytoplankton off the wes t  coast of Vancouver Island . Phys ical processes to 
be s tudied include the generat ion and propagat ion of cont inental shelf waves 
and internal t ides , seasonal variability of coastal currents and water 
structure , and upwelling events . 

Vancouver Harbour Currents (In conj unction with Tides and Currents Sectio�) 

The First Narrows forms a conf ined , shallow ( 3 0  m) channel connecting 
the outer basin of Burrard Inlet to the inner basin (Vancouver Harbour) of 
the inlet . The channel possesses intense tidal currents of up to 2 . 5 m/ s 
and seasonally varying vertical density structure of relevance to navigat ion . 
Cruises were undertaken on the CSS Vector in April , June and December 1 978 , 
during which time grids of 25-hour time-series current/ CTD s tations were 
occup ied at the eas t  and west approaches to the Narrows . U s ing acous tic 
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current meter/CTD profiles in conj unct ion with a shore-based trisponder ship
positioning system and an automatic data acquisition recorder , we wer e able 
to obtain "snap-shots" of water properties and horizontal currents over the 
two small spatial grids at the approaches to the Narrows . Despite the shallow 
depths , the currents show evidence of pronounced vertical shear at certain 
stages of the t ide ; there is also cons iderable small-scale horizontal eddy 
struc ture that can be used to advantage by op erators of small vess els when 
entering the Narrows . 

Johns tone Strait - Internal Tides ( In conj unction with Tides and Currents 
S ection) 

The west ern bas in of Johnstone S trait is a narrow deep channel 
s eparating northeastern Vancouver Island from the mainland coast .  An analysis 
of current and water property measurements taken in the channel in 1 9 7 3  and 
1 9 7 6- 1 978  showed that it possesses an internal (baroc1inic) tide of semi
diurnal period generated through interact ion of the · surface tide with the 
shallow s ill at the eastern end of the basin . Near the generation region , 
the baroc1inic t ide produces currents of over 20  cm/ s , or 50% of the baro
tropic t idal currents ,  but accounts for less than 0 . 5% of the power lost by 
the barotropic tide in the vicinity of the s ill . The baroc1inic tide is 
dominated by a first-vert ical mode , s eaward propagating internal Kelvin wave 
which undergoes attenuation over an e-fo1ding distance of one wavelength 
( 25 km) . Turbulent frictional effects account for attenuation of both the 
barotropic and baroc1inic M2 tides in the channel . 

Seiches , Juan de Fuca Strait 

A preliminary investigation was s tarted into the cause of barotropic 
seiches in the larger embayments and inlets along the Canadian s ide of Juan 
de Fuca Strait . Pressure gauges deployed in Pedder Bay near Victoria for a 
p eriod of two months in early 1 978  gave spectral peaks at 1 0  and 15 minutes , 
with amplitudes of around 1 0  cm maximum . Further measurements are planned 
with pressure gauges in Victoria Harbour , Pedder Bay , Becher Bay and Port 
San Juan along the coas t of Juan de Fuca . 

Sea-Surface Temperature Anomalies Along Line P 

Over the past 20 years continuous sea-surface temperatures have 
been observed along Line P by the two Canadian weatherships enroute to and 
from S tat ion P .  These data have finally been processed , edited and statistics 
compiled . From the climatic means and the associated standard deviations 
anomalies have been estimated . An example of the anomalies estimated for 
each cruise data for each month of 1 97 9  is shown in the accompanying table . 
It  is evident that during the f irst nine months positive anomalies were 
present over mo st of the Line except for near the coast where negative 
anomalies occurred during the f irst two months . In December the positive 
anomalies disappeared along mos t  of the Line excep t near the coast . 
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Quality of Sea-surface Temp erature Data 

Knowledge of reliable sea-surface temperatures of the ocean is 
becoming increasingly important for understanding the influence of ocean 
temperatures upon weather and climate patterns (where even an anomaly of a 
few degrees of ocean temperature can affect these pat terns) , and for cali
brating satellite observat ions of sea temperatures . For this reason , during 
the past few years a series of studies has been undertaken to examine the 
quality of s ea-surface temperatures and salinities obtained in the northeast 
Pacif ic Ocean , from a number of platforms , including weatherships , research 
ship s , anchored u . S .  environmental buoys and merchant-naval ships , and 
employing a variety of instruments - ordinary bucket thermometers , specially
des igned bucket thermometers , reversing thermometers , engine-intake tempera
ture recorders , expendable bathythermographs (XBT) , salinity-temperature-depth 
recorder ( STD) and thermosalinographs . The results of most of these s tudies 
have already been reported . Dur ing the past year the remaining study was 
concerned with the difference between the accuracy of temperature measurements 
made by a specially-designed bucket thermometer and ' the engine-intake thermom
eter aboard the two weatherships CCGS Quadra and Vancouver . This study was 
required to clarify a controversy surrounding the relative mer its of the two 
main methods of sea-surface temperature observat ions used routinely by 
merchant-naval ships . The results indicated that the mean dif ference between 
the bucket and engine-intake temperatures and the associated s tandard deviation 
for data from Quadra were both small , (a mean difference smaller than O . l oC 
and a standard deviation also less than ± O . lOC)  and consis tent during the 
first five cruises over the one year period . For subsequent cruises both the 
mean difference and standard deviation varied considerably . It was concluded 
that the engine- intake thermometer requires calibration at least once a year 
in order to maintain the quality of the dat a .  The mean difference and the 
associated standard deviation for data from the Vancouver , on the other hand, 
both f luctuated appreciably from one cruise to ano ther . This is attributed 
to a faulty measuring system aboard this ship . The s tudy further indicated 
that the engine-intake method can indeed provide reliable sea-surface 
temperatures that are as accurate as those obtaine,d by the use of specially
des igned thermometers , prOVided that an upper mixed layer exists when 
measurements are made .  

Satellite Derived Surface S ea-temperature off B . C .  Coast 

Infrared satellite imagery o f  the waters off the Pacific coast o f  
Canada for the f ive-year p eriod (July 1 974 through July 1 9 79)  have been 
examined in order to delineate sea-surface temperature patterns in the area . 
A series of charts dep icting o ceanic thermal fronts has b een comp iled . The 
source data cons ists of enhanc ed infrared imagery in photographic.,-print 
format , obtained mostly from the National Satellite S ervices Branch of 
Nat ional Climatic Center (NOM) , some from its San Francisco F ield Station ' 
and also some from the Arctic Weather Centre of the Atmol:ipheric Environment 
Service ,  of Canada .  With regularly obtained imagery in print format , only . 

two shades of the grey-torie variat ions of the 'sea surface can be delineated 
successfully by an optical device . However , with suitably-enhanced imagery, 
made from original data that is proces sed locally , at leas t s ix shades of 
these variations can b e  differentiated . The imagery has been found useful ; ,  
to explain the occurrence of certain water types and has provided better 
insight into the detailed circulation off our coas t . 

. 
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The f i g ure i l l us t r a tes 

an examp l e  of ve ry h i gh 
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o f  cen t ra 1 Van co u ve r 

I s l an d ,  may be as soc i 

a ted w i  th the s o u th 

wa rd f l ow of coas ta l 

wate r .  
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Ocean Response S tudy 

lOS participat ion in the Anomaly Dynamics S tudy of NORPAX is aimed 
at resolving the mechanisms responsible for the evolution of the thermal 
s tructure of the upper 300 metres of the open ocean . AXBT surveys of tIle 
North Pacif ic between SooN to 4 00N in the v icinity of 1 7 0oW ,  have been 
conducted on a b i-weekly bas is for the p eriod extending from March 1 9 7 7  until 
April 1 97 9 .  

S easonal changes and interannual variation in the heat content 
were assess ed at various latitudes . From a comb ination of this data and 
informat ion about the horizontal gradients ,  it is pos s ible to assess the 
impor tance of one dimensional processes in relat ion to advective process es . 
From this study it is clear that advective processes are a maj or factor 
in creating both the interannual var iations and other events occurring 
below the mixed layer to the 1 5 0  metre level . 

During the current year , further progress was also made towar ds 
part icipat ion in the " ship-o f-opportunity pr ogram" of NORPAX . Exp endable 
eTD sys tems have been evaluated and they are ready f or use in comb ination 
with surface salinity and temperature sensors . 
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NUMERICAL MODELLING SECTION 

R .  F .  Henry - Head 

P . B .  Crean 
M . G . G . Foreman (Computing Services) 

T . S .  Murty 
P . J .  Richards 

The Numerical Modelling Section continues involvement in the 
development and applicat ion of numer ical mo delling methods for s imulation 
of oceanographic problems , in cooperat ion with other groups . 

A t ime-dependent two-layer hydros tatic numerical mo del ,  to 
s imulate internal surges or internal hydraulic j umps , was completed and 
app lied successfully to Bab ine Lake and to a laboratory tank. Then , a more 
sophisticated model under the triple-deck approximation was developed which 
allowed partially for non-hydrostatic pressure effects and continuous dens ity 
s tratification . The mos t  important feature of the tr iple deck model is that it  
permits separat ion of the flow on  the downstream s ide of the s ill . This model 
was success fu'lly tes ted both for the natural scale as well as for the labora
tory scale . 

Preliminary work using analytical models was completed on the 
problem of nonlinear interact ion between s torm surges and astronomical tides . 

Collaboration with NOAA and the University of Hawaii continued on 
two maj or tsunami proj ects . The first involved the development of a new 
obj ective scale for tsunami magnitude; the second involved numerical simu
lation of lateral waves with the goal of identifying them in tsunami records . 

The manuscript of a comprehensive book on s torm surges was 
completed . 

Studies were begun of tidally-generated res idual circulat ion . A 
linear model was developed and tested for the S t .  Lawrence es tuary and work 
is in progress on nonlinear models of the same area and of Bridport Inlet 
on Melville Is land . 

Transmission of internal Kelvin waves in fj ords was studied us ing 
a variety of methods . This led to a signi ficant revis ion of a popular 
finite dif ference method for the shallow wat er equat ions . A barotropic ocean 
c irculation model with negative eddy viscosity was completed . 

A program for tidal constituent analysis based on high and low 
water observations was developed in order to process observations collected 
in the Arctic by the oil industry . The program permits analysis of records 
with missing data and inference of cons tituents . 
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Programs developed during the last two years for tidal height and 
current analyses were supplied to a number of researcher s in Canada and 
abroad . The relevant manuals were revised and reprinted . Mike Foreman was 
invited to the University of Hawaii to install the t idal analysis package 
and advise on its use . 

Numerical model s tudies of the Georgia/Fuca sys tem in 1 9 7 9  have 
primarily been concerned with exploratory s tratif ied flow simulations and 
analyses of earlier barotropic tidal model output . 

The obj ect of the numerical experiments on stratif ied flow is to 
find a viable means of s imulat ing the es tuarine circulat ion in a topographi
cally complex deep coastal sea subj ect to strong tidal mixing when the t ime 
scales of important changes on the open boundaries require extended model 
runs . U s ing a laterally integrated two-dimensional numerical s cheme 
(x , z ,  t ,  dependent) , mixed tidal co-oscillat ions have been s imulated for 
the homogenous fluid case in a gulf of variable width and depth approximating 
the main channels . Encouraging initial results have been obtained in which 
internal seiche mot ions and as sociated mixing in a stratified rectangular 
basin , of dimens ions approximating those of the Georgia/Fuca system ,  have 
been s imulated using both free surface and the less expensive "rigid lid" 
approximation . 

Analyses of the output of the coarse grid and fine grid barotropic 
tidal models have been undertaken by a private firm of consultants . These 
include harmonic analyses and predictions of the tides and currents , together 
with energy volume flux and res idual flow calculations . The residual baro
tropic t idal circulation obtained from a one month run of the fine grid model 
clearly shows the effects of the maj or topographically induced eddies in the 
tidal streams . 

It appears probable that a proposal to continue work on the upper 
layer buoyant spreading model of the Fraser River plume , by the same firm, 
will be funded . An extensive field program is included , which would involve 
cooperat ion of the Canadian Coast Guar d .  

F ield operat ions during the year inc luded further drogue tracking 
exercises , which verified the exis tence of the large tidal eddies that 
give r ise to marked residual circulation , and observations on the shallow 
banks near the mouth of the Fraser River .  Together with earlier observat ions , 
the latter have provided a plaus ible qualitative dynamical explanation o f  
the effects of the tidal changes in elevation in the adj acent s trait o n  the 
discharge pattern at the river mouth .  
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REMOTE SENSING SECTION 

J . F . R . Gower - Head 

J . S .  Wallace 

The Remo te S ens ing S ection has respons ibility for development of 
aircraft and satellite remote sens ing techniques for oceanography , and for 
evaluation of techniques originating elsewhere . 

Even though its useful life was limited to four months during the 
summer of 1 978 , the oceanographic satellite , SEASAT A ,  provided enough data 
to keep the scientists who were involved with the program , occupied through
out 1 9 7 9 . J . F . R .  Gower is a principal investigator in three experiments 
s tudying synthetic aperture radar (SAR) imaging of roughness patterns due to 
internal waves ,  o cean waves and ocean current sys tems respectively . 

The firs t experiment was organized j ointly with B .  Hughes of the 
Defence Research Establishment Pacific and involved very precise measurements 
of sea surface roughness properties during a SEASAT overpass . A laser 
surface slope meter was deployed by the CNAV Endeavour over internal wave 
patterns in Georgia S trait , north of Boundary Pass . The resulting surface 
roughn ess  patterns were also imaged by the SAR on the Canadian Sursat air
craft .  The aircraft and satellite data arrived slowly during 1 9 7 9  and is 
being analysed to show how SAR ' S  respond to surface roughness  viewed at 
different angles and with different wavelengths , polarizations and resolution . 

The second experiment represents the maj or U . S .  NASA/NOAA check on 
accuracy o f  the SEASAT SAR for measuring ocean waves . Canadian partic ipation 
consisted of providing data from ocean S tation PAPA , from the Tofino wave
rider s tation and arranging flights with the SAR over the experiment s ites to 
give more radar data than would result from SEASAT alone . 

The third experiment is being conducted with P .  LaViolette o f  the 
U . S .  Navy NORDA in Mis sissippi and is des igned to s tudy imaging surface 
roughness  changes induced by the thermal or dynamic effects of the Gulf Stream 
near the tail of the Grank Banks . The second f ield phase of the experiment 
met with limited success in June 1 97 9  when bad weather held the ship back from 
the experiment area . Flights out of S t .  John ' s resulted in excellent thermal 
maps with current measurements and airborne laser surface roughness data. 
Although this phase took place after SEASAT ' s  breakdown it showed the s trong 
boundary layer modulat ion induced by the current , and will allow interpreta
tion of the o ther aircraft and satellite radar data taken during the experi
ment . 

Results from all three exper iments have appeared in publicat ions 
and reports , but as more sophisticated processing o f  the SEASAT SAR data 
continues , further conclusions can be made . In fact as the processing 
techniques for this type of radar become better unders tood and more widely 
available,  it appears that high reso lution mapping radar may one day be a 
standard sensor in space . 
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The j o int Canada France Ocean Opt ic s  Experiment (CFOX) resulted in 
maj or field work during 1 9 79 . The purpose of this experiment was to bring 
together our airborne spectroscopic measurements of water colour with s imilar 
work and underwater optical measurements being made by A .  Morel ' s  group o f  
the Univers ity of Par is . Joint operations were carried out (a) in the Ligurean 
S ea south of Monte Carlo (PROLIFIC) in March with a French DC-3 and French 
and Italian ships , (b) in B . C .  coastal waters using the CFAV Endeavour and 
CSS Vector with a locally chartered aircraft in July and ( c) in the Eastern 
Canadian Arctic in August using the chartered vess el Theron and chartered 
aircraft flying out of Pond Inlet and Resolute Bay . PetroCanada Ltd .  and 
the P olar Continental Shelf Proj ect supported this Arctic operation . 

This has led to several improvements in processing of the airborne 
spectroscopic data which in turn allows generation of improved maps of 
chlorophyll concentration in Lancaster Sound and Wes tern Baffin Bay . Data 
from NASA ' s  Coas tal Z one Colour S canner flown on Nimbus 7 was collected for 
all of the above areas but has not yet come available through their over
loaded data processing system .  

Other chlorophyll mapping flights were made along the B . C .  Coast 
by S eakem Oceanography Ltd . as part of an experimental survey with a ship of 
opportunity . Data from these flights has also added to our understanding of 
chlorophyll distribution and the problems of mapping it from the air . 
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OCEAN CHEMISTRY DIVISION 

C . S .  Wong - Head of Divis ion 

R . D .  Bellegay 
W . J .  Cretney 

*K . Iseki 
W . K .  Johnson 
D . M .  Macdonald 
R . W .  Macdonald 
F . A.  McLaughlin 

*Left in 1979  

P . S .  Munro 
J . S .  Page (Computing S ervices) 
D .W .  Paton 
T . J .  Soutar 

*V. S tukas 
J .A . J .  Thompson 
F . A .  Whitney 

The primary responsibility of the Ocean Chemis try Divis ion is to 
provide expertise and advice in the chemical aspects of the marine environment 
in B . C .  coas tal waters , the western Arctic and N . E . Pacific Ocean ; to conduct 
the necessary research and monitoring activities at the regional , national 
and/or international level in order to contribute to policy , legislation and 
sc ientif ic knbw1edge and in p articular to provide an understanding of the 
chemical effects of human activities on the ocean , its suspended matter and 
bottom sediments , and the effect of the ocean on man ' s  activities . Thes e 
effects mus t  b e  distinguished from natural and often non-systematic variations 
thereby requiring long-term and sustained res earch effort . A secondary role 
is to understand the interaction of the inorganic and organic material 
with the marine b iota and geological reservoirs in order to provide chemical 
oceanographic informat ion including chemical uptake-release processes that 
are useful in f isheries res earch , in geological s tudies and in inves tigations 
of water transport and mixing . 

Through active support o f  the Federal Government Make-or-Buy policy , 
the Divis ion has achieved the goal of establishing a viable and credible 
capability in private industry on the wes t coas t . Industry is now able to 
conduct chemical oceanographic s tudies related to ocean dumping ,  environmental 
contaminants , oil pollution and environmental impact assessment of mine 
tail ings disposal , arctic drilling and indus trial activities . These short
term , s ite-specific s tudies which are frequently of immediate concern to the 
public , will continue to be pursued mainly via the contrac t route under the 
supervision of the Divis ion . 

The in-house effort is directed towards pursuit of the longer-term 
but equally important res earch problems . Thes e include the influence o f  
oceanic carbon dioxide ( C02 ) on climate and chemical variability in the ocean . 
Of ten ,  unique and expensive facilities are required , for example , ultra-clean 
laboratories for analys ing trace metals and hydrocarbons ,  a heavy-isotope mas s 
spectrometer for accurat e  trace metal measurements , a gas chromatograph/mass 
spectrometer/data sys tem for identification of oil and chlorinated compounds 
and an infrared C02 calibration and analyt ical laboratory for 002 geophys ical 
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time-series s tudies . These facilit ies enable u s  to  maintain a s tate-o f-the
art capab il ity in ocean chemis try , with suff ic ient s cientific capab ility to 
supervise contrac ts , scrutinize work performed by the private sector and to 
provide the necessary scientific expertise to advise policy-makers in an 
ef fective way . 

Marine Carbon Research Centre 

C02 has emerged as a leading environmental problem that will remain 
with us well into the future . The ocean is expected to play the mos t impor
tant role as the maj or s ink for C02 released into the atmosphere through 
fossil-fuel burning . Over a few hundred years it is expected to absorb five 
to eight times the present atmospheric level of C02 ' There is a great 
uncertainty in knowledge of marine C02 variability and pathways . To tackle 
this difficult and long-term problem ,  a marine carbon research centre was 
created to focus our national and international marine C02 activit ies , to 
collect mult i-discip linary information for synthes izing a coherent picture 
of the complex marine carbon cycle ,  to provide a uniform ,  long-term analysis 
and inter-comparison of Canadian C02 data and to disseminate C02 data through 
publication of geophysical and geochemical monitoring t ime s eries . This 
centre complements the AES Climate Centre where a maj or effort is directed 
towards modelling the climatic effects of fossil fuel derived C02 . 

The C02 problem is international . All of  us contribute to the 
atmospheric C02 increase by burning o il and coal to keep our houses warm and 
to keep our civilization moving . The research problem is so immense that it 
mus t  be solved collectively by generations of  teams of  scientific workers -
each team contributing knowledge to only a few aspects of what is a global 
problem.  Our contribution has been directed towards collecting and inter
preting time-series measurements of C02 over the ocean .  This year marks the 
tenth anniversary of the C02 time-series at Ocean Weather Station P (SOON ,  
14s0w) . However any celebrat ion was overshadowed by the pos s ib ility o f  
terminat ion o f  the weatherships in the near future . Two replacement programs 
are under way : one involves weekly co llec t ion of atmospheric C02 samples at 
lighthouses at Amphitrite Point , Kains Island and Cape S t .  James , on the 
wes t  coast of Vancouver Is land and Queen Charlotte Islands , and the other 
involves "ship of opportunity" collect ion of air and oceanic samples by the 
Canada Maru en route across the Pacific O cean . Preliminary results from 
Pacific Ocean transects indicated very large spatial variat ions in marine 
air C02 concentrations as well as seasonal fluctuations . A long time-series 
would be required for effective data interpretation . 

In addition t o  S tation P analys is , our infrared laboratory has been 
performing air C02 analYS is for other Canadian C02 s tations at Sable Island 
in the At lantic and at Alert in the Canadian Arctic , both manned by the 
Atmospheric Environment Service . 

Observations o f  atmospheric and oceanic C02 were made during the 
First GARP Global Experiment (FGGE) cruise of the Parizeau , December 2 8 , 1 9 7 8  
t o  March 3 1 979  between Vic toria and 20S ,  1 s00W . Air and sea water samples 
for CO2 , l �C and radiocarbon , nutrients and carbonate chemis try were collected . 
Continuous C02 partial pressure measurements indicated a super-saturation o f  
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C02 up t o  8 0  x 1 0-6 parts per million o f  vo lume in the equatorial waters with 
respect to atmospheric levels , according to the preliminary data . Checks 
will be made on the calibration and previous work by S cripps Inst itution of 
Oceanography in the area to s ee if an increase in pC02 in seawater is 
observable . 

The last of a long series of CEPEX controlled experiments was 
performed in Saanich Inlet from June 2 to July 5 ,  1 9 7 9 . The s tudy concentrated 
on heterotrophic transfer of carbon in the utilizat ion of glucose enrichment 
in controlled systems , an idea initiated by Professor T . R. Parsons of the 
Department of Oceanography , University of British Columbia (UBC) . The work 
was carried out as a co-operative proj ect with UBC ,  S imon Fraser Univers ity and 
Southampton University in the U . K .  Carbon fourteen-labelled D-glucose was 
added to plas tic enclosures containing 65 , 000 liters of seawater to produce 
glucose enrichments of 1 mg/L and 5 mg/L . Ob�ervations of nutrients , pH , 02 , 
chlorophyll a ,  primary product ion , carbonate chemistry , part iculate organic 
carbon , dissolved organic carbon , phytoplankton , zooplankton , bacteria and 
other environmental parameters such as light intensity , particle- s ize dis tri
bution , temperature and salinity were made . Excess  glucose tended to suppress 
pho tosynthetic activities in the enc losures which also exhibited high removal 
of dissolved oxygen . There was a large increase in bacterial biomass in the 
5 mg/L bag . From the 1 4C-Iabelled experiment , it was determined that approxi
mately 1 3% of the particulate carbon remained while 87% of the glucose was 
remineralized to C02 . 

Marine Hydrocarbons - Kitimat Baseline 

The general obj ective of this program is to understand the occurrence ,  
pathways and fate of hydrocarbons (natural , petroleum, PCBs and pes ticides) in 
the marine environment .  The main emphas is in 1 9 7 9  was placed on an environ
mental baseline s tudy at the Kitimat Harbour and its approaches . 

Kitimat , which has been proposed as a possible oil port s ite to 
receive Alaskan crude for trans-shipment , is located at the head o f  an environ
mentally sens itive fj ord system .  Future industrial growth is also expected to 
be high in this northwestern B . C .  coastal regi on . A baseline s tudy , submitted 
as an unsolicited proposal by Seakem Oceanography Ltd . , was performed under 
Ocean Chemis try Division supervision . A series of cruises on chartered 
ves sels was conducted . Those in 1 97 9  included a February 5- 1 6  cruise to 
collect samples of sea water , marine organisms and sediments for baseline 
hydrocarbons and nutrient study , together with background chemical oceanographic 
data , an April 8- 1 3  cruise mainly to collect mussels and clam samples for 
histopathological analysis , and a July 22-26 charter cruise to Port Alberni 
to collect samples for estimation of polyaromatic hydrocarbon levels in 
sediments and inter-tidal mussels . 

It  is not easy to es tablish the baseline conditions in the Kitimat 
area . The marine environment is continually being subj ected to input from 
aluminum plant and pulp mill effluents . It is equally dif ficult to interpret 
the relationship between levels of polyaromatic hydrocarbons (PAR) measured 
with the phys iological disorders observed in marine b ivalve mollusks collected 
in the area . Thus , collection of s imilar organisms was made in an area 
already known to be polluted by pulp mill effluents near Port Alberni.  
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Preliminary results showed a highly variable level of polyaromatic hydro
carbons in the t issues of mus sels from the wes tern s ide of Kitimat harbour . 
However , a s tatis t ical correlation was found between the sediment levels o f  
PAR and the incidence of a particular proliferative cellular disorder in 
mus sels and clams from the Kitimat area.  

As  in the case of trace metals , a unique clean room has been 
established for hydrocarbons . The maj or facility , a gas chromatograph/mass 
spectrometer system was upgraded with the acquisition of a Finnigan INCOS MS 
data system .  This enables the group to perform multiple ion detection , 
display the spectra and compare the data to an extensive library of compounds 
as well as int erfacing to other INCOS /systems in the nation . A library o f  
compounds i s  being established to serve a s  an identif icat ion centre for 
petroleum and other hydrocarbons in the marine environment of the western 
coas t . 

Supported by Ocean Dumping funds , a study was made o f  the variability 
of PCB contaminants in dredged spoils to examine the reliability of sampling 
and analysis techniques for use under the Ocean Dumping Act . Replicate 
sampling of mud was carr ied out in Vic toria Harbour prior to dredging , and 
in several barges loaded with dredge spoil destined for ocean disposal . 
Analysis of var iance was applied in order to determine where signif icant 
variations were occurring , and how best to sample to obtain reliable but 
inexpensive information . For example , adequate sampling prior to dredging 
in a new area could reduce monitoring required later at the dumpsit e .  

Chemical Controlled Experiments 

CEPEX (Controlled Ecosystem Po llution Enclosure Experiments) , with 
the original obj ective to s tudy pollution s tresses on natural plankton 
populations was terminated in 1 9 7 9  by Nat ional S cience Foundation in the 
U . S . A .  The facilities ins talled in Saanich Inlet near the site of the 
Institute of Ocean Sciences , including large and small floats and bag sys tems , 
were officially transferred to the Ocean Chemistry Division for future 
chemical studies , and for herring experiments by fisheries scientists . 

A new system ,  CHEMCELL , which includes the additional dimens ion of 
the s ediment /water interface is being developed and cons tructed via an 
unsolicited proposal by C . E . L . L .  at Victoria under the s cientific authority 
of Ocean Chemis try Division . The new system cons ists of a flexible plastic 
bag attached by a steel collar to the bottom in Saanich Inlet at one end and 
a dome sys tem to enclose an atmosphere at the other end . An international 
SEAFLUXES program to study the air-sea boundary f luxes and the seawater / s edi
ment boundary interaction is being consolidated . Tentatively , it will 
involve Ocean Chemistry Divis ion , the Department of Oceanography at UBC , and 
the Institut fur Meereskunde at Kiel , F . R .  Germany , the Institute o f  
Biolog ical Sc iences & Environmental Sciences a t  the Univers ity o f  Tsukuba 
in Japan , individual scient ists from U . S .A .  and France as well as the Quebec 
Reg ion of Fisheries and Oceans . 
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Coastal Pollution 

Mining is one of the maj or industries in B . C .  Its tailings disposal 
is of great concern to the environment departments of the provincial and 
federal governments . Pollut ion from sewage outfalls is of  maj or concern to 
the public and municipalities . These studies form the main thrust of the 
coastal pollution program . 

Emphasis has b een placed on understanding the levels and trends of 
heavy metals in marine organisms in polluted areas , determining the 
mechanisms of transforma t ion of these metals into toxic forms , as well as 
detoxification mechanisms operating within marine organisms . The heavy 
me tals copper , z inc and cadmium in the holothurian Molpadia intermedia were 
s tudied to determine the suitability of using this as a possible monitoring 
organism for the Point Grey Dumpsite . No s ignificant differences were 
observed when compared to those from a control area . A s imilar s tudy is 
underway for marine organisms collec ted near the Macaulay outfall area in 
Victoria . 

Methylat ion o f  heavy metals in the marine environment is not well 
understood . For example , mercury can be methylated by marine organisms and 
bacteria into the more toxic me thylmercury forms of CH3Hg+ and (CH3 ) 2Hg . To 
unders tand s imilar processes for several other metals introduced by dumping 
of mine tailings into the marine environment , contrac t research was conducted 
on lead and arsenic . Funded by Ocean Dumping funds , a contract was awarded 
to Beak Consultants Ltd .  for s tudy of the methylation of lead in s ediment 
samples from Burrard Inlet , Goletas Channel , Granby Bay where there is an 
abandoned copper mine and Alice Arm where inactive molybdenum mines have 
historically disposed of high-lead content tailings . Results indicated that 
discharge of lead-bearing particulates did not appear subj ect to mob ilization 
of lead by methylation under anoxic conditions . A study of the methylation 
of arsenic in marine sediments and interst itial waters in Rupert Inlet , B . C .  
was pursued under contract to Beak Consultant s Ltd . using sediment samples 
from areas polluted by copper mine tailings . Results suggested that arsenic 
did not appear to pose a significant hazard . No arsenic species were detected 
in sea water while in the interstitial waters , total inorganic ars enic varied 
between 3 . 5-4 . 9  pg/L possibly correlated with tailings loading . Incubation 
of sediments with nutrients indicated that the degree of ars enic methylation 
depended primarily upon arsenic availab ility . 

Organot ins were designated as a clas s of contaminants of high 
priority in the Environmental Contaminants lis t . Under Environmental 
Contaminants Act funding a contract is underway with Dr . Cullen of UBC to 
develop analytical procedur es for organotins in order to investigate the 
occurrence ,  and nature of tin compounds in sewage and industrial effluents in 
both fresh and marine waters . 

Trace Metals 

The main obj ective of the program is to assess the natural and 
anthropogenic inputs of physiologically s ignificant trace metals into the 
marine environment and their interact ion with suspended matter ,  the planktonic  
b iota and surface sediments . 
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The trace metals work is directed towards several maj or long-term 
efforts . The f irst is to assess the gap in knowledge between marine chemists 
engaged in attaining meaningful levels of trace metals in seawater and those 
working on modelling of chemical speciation and biological effects of trace 
metals . A NATO-funded organizing committee with this direction was held at 
Ocean Chemis try Division , which received a NATO grant to organize an Advanced 
Research Inst itute in Europe in 1 980/ 8 1  to summarize the s tate-of-the-art on 
accurate measurements of trace metals in sea water and research directions . 
The second obj ective is the continuat ion of long-term work on accurate 
measurements of trace metals by us ing ultra-clean laboratory techniques 
coupled with mass  spectrometer and other ins trumentat ion , with the plan to 
develop a "s tandard sea wat er" with concentrations near to natural levels in 
open ocean . This year ' s  work involved confirmation of the state of cleanliness 
of the ultra-clean laboratory , measurements showing a hundredfold reduction 
of metals being atmospherically transported in a normal laboratory . A long
term s torage test on lead , mercury , cadmium , zinc , copper , nickel , cobalt and 
iron in seawater is underway . The third obj ective is to understand and model 
the f lux of metals between and accumulation of metals within the important 
environmental compartments ; sea water , marine b iota and surface sediment . 
This problem is being addressed through a five-year SEAFLUXES program 
( Sediment/ ecosystem/atmosphere flux enclosure s tudy) . The present phase is 
the construction of the experimental system being carried out through a 
$270 , 000 unsolicited proposal , previously described under Controlled Experiment . 

For ' ocean dumping work, research through contract is being carried 
out on a selective extraction s cheme for trace metals for marine sediment and 
dumped material so as to improve the effectiveness  o f  regulat ions . Two cores 
were collected ; one each from Victor ia Harbour and False Creek and subsamples 
were subj ected to the ultriate test as well as an extrac tion scheme to 
separate metals into the different chemical fract ions of ( 1 )  interstitial 
water , (2) exchangeable , (3) eas ily reducible , (4) oxidizable , (5) moderately 
reducible and ( 6 )  residual . Results showed that the largest metal reservoirs 
were in general the oxidizable and the res idual compartments but mercury , an 
exception , was located in the residual phase mainly . Results o f  the release 
experiments carried out at low particulate levels in seawater showed that 
residual Hg was no t mobile . There was evidence , however that about 50% of the 
Cd was mobilized . 

The t ime-scale of natural sedimentat ion and metal loadings due �o 
mining activity near a lake in the Kootenay area of B . C .  was s tudied in 
cooperat ion with Dr . Pharo of Canada Centre for Inland Waters by providing 
lead-2 1 0  dating and interpretat ion at Ocean Chemistry Divis ion . The effects 
of dumping mine tailings from a lead- z inc mine were assessed in relation to 
the natural sedimentary proces ses occurring . Against a background value of 
about 2-4 �g lead cm-2 yr-1 , the lead flux has increased by an order of 
magnitude or more s ince 1 905 ' due to mining . 
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Arctic Wat ers  Chemistry 

No f ield work was attempted in 1 97 9 . The maj or effort was devoted 
to working up the b acklog of data and samples . Lead- 2 1 0  dating of marine 
s ediment in cores collected in Amundsen Gulf was obtained by a beta-counting 
technique . Nutrients and chemical oceanographic data from the Beaufort Sea 
were processed into report format . 

Salinity and dissolved (reactive) s ilicate were used to s tudy the 
or�g�n of surface water for the southern Beaufort Sea. By this method it was 
poss ible to estimate the relative contribution of sea-ice melt , Mackenzie 
River water and high salinity , but nutrient depleted , water off the 
Tuktoyaktuk Peninsula . 
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Weathers hip Program 

Open-ocean effort was devoted to a continuing s tudy of the long-term 
trends of chemical parameters at Ocean Weather Station P ( SOON 1 4SOW) . In 
1 97 9 ,  part of the effort was diverted towards es tablishing a replacement 
program in anticipation of the phase-out of the weatherships in 1981 . Neuston
net tows were made between Victoria and S tation P to collect tarballs and 
other surface po llutants .  Weekly samples of atmospheric C02 , surface 
alkalinity , to tal C02 and surface radiocarbon were taken together with some 
continuous shipboard infrared measurements of marine air C02 and pC02 on the 
eCGS Quadra . Samples of nutrients were taken to provide information about 
long-term fluctuations and their relationship to circulation and the marine 
food chain . Particulate detrital organic carbon and chlorophyll a were also 
collected on the Quadra . Seas onal f lux of particulate carbon down to inter
mediate waters of 1 , 000 m was observable in the summer , confirming an earlier 
s tudy by the late Dr . John S trickland and Dr . Parsons , although the carbon 
flux appeared to be smaller by the present technique . 

OCEAN ECOLOGY LABORATORY 

R. O .  Br inkhurs t  - Head of Divis ion 

M . J . Aus t in 
K .  Denman 

*R. H .  Herlinveaux 

*Joined during 1 979  

D .  Mackas 
S .  Hill 

The maj or 1 9 7 9  f ield effort of the Ocean Ecology section focuss ed 
upon an intensive study o f  the biological oceanography of the continental 
shelf region off southwes t  Vancouver Island . Our obj ectives in this program 
have been twofold . First , we are attempting to identify maj or features in 
the spatial and temporal patterns of plankton abundance ( important because 
planktonic productivity forms the base of the food chain leading to pelagic 
and demersal f ish s tocks) . S econd , we hope to learn the links between the 
phYSical and biological systems and , in particular , to know which physical 
processes determine the locat ion , timing , and intens ity of plankton blooms 
in this region. 

Sophisticated sampling technologies are essential to our plans for 
rapid and detailed survey of the continental shelf region . We have developed 
two unique automated systems in response to this need . One is a computer
interfaced vert ical profiler which contains sensors measuring chlorophyll 
fluorescence , temperature ,  salinity , light transmittance , and depth .  
Continuous information from these sensors i s  used t o  select water bottle 
samples at up to ten discrete depths per sampling s ite . The water samples 
are subsequently analyzed for dissolved nutrients ( essential for phytoplankton 
growth) , dissolved oxygen (both a measure of previous b iological act ivity and 
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a tracer of water movements) , carbon fixat ion rate (a measure of present 
phytoplankton growth) and salinity (a check on the operation of the continuous 
sensors) . The second data collect ion system is supplied with sample water 
from the ship ' s  plumbing and measures phytoplankton and zooplankton concentra
tions while the ship is underway . Graphical display of the data is available 
immediately , and allows the construct ion of maps of near-surface plankton 
concentration over relatively large areas . An example of one of these maps 
appeared in the previous annual report . These maps are used to help select 
the optimum locations for detailed sampling of vert ical distributions and 
processes by the profiler described above . 

Although we have completed only the first  year of this proj ect and 
are currently analyzing data from the initial cruises , we have already 
ident if ied two important features of the s outhern continental shelf ecosystem .  
We find that , unlike most places in the ocean , the near-shore portions of the 
shelf have high nutrient and phytoplankton concentrations throughout the 
summer months , probably result ing largely from the flow of nutrient-rich (due 
to tidal mixing and es tuarine entrainment) surface water out of Juan de Fuca 
Strait and along the coast of Vancouver Is land . We have also discovered a 
highly localized band of nutrient and plankton enrichment running along the 
outer margin of La Perouse Bank . 

Interpretat ion and planning of the detailed research cruises was 
aided signif icantly by supplementary data collec ted from commercial ships of 
opportunity , . under a contract issued to Seakem Oc eanography Ltd . and adminis
tered sc ientifically by the Ecology sec tion . In addition , for the detailed 
interpretat ion of our results , we will rely heavily on the dis tributions of 
surface currents as observed in the related programs carried out by the 
Coas tal Zone Oceanography , Offshore Oceanography , and Tides and Currents 
Sections of the Ins titute .  

At workshops in the spring , the various efforts to ob tain b io
oc eanographic data from ships of opportunity and from aircraf t will be 
examined in relation to the weathership and lighthouse data series in an 
attempt to draw together a proposal for a future time-series of observations 
off the west coast of the island and elsewhere if feasible . The work will 
be done largely under contract .  

Benthic studies have continued to concentrate on the demand for 
identification of marine oligochaetes and the provis ion of manuals for 
government and industry scient ists on a world-wide basis . Surveys of 
es tuaries in Europe and the U . S . A . , and of oil-lease tract s of seabed have 
resulted in large benthic surveys being undertaken in many non-Canadian 
ins titutions , producing a large increase of knowledge and species to b e  
described b y  the two active taxonomic centers here and in Sweden . The first 
international gather ing of "sludge worm" b iologists was held at the Ins titute 
with support by NESRC , University of Victoria and Fisheries and Oceans . The 
resulting volume will appear early in 1 980 . Three scientists from the USSR 
and one from Poland j o ined European and American authorities , and the s econd 
and third sess ions are planned in Europe .  Critical material was obtained as 
a result of a visit to Hamburg . Two maj or contract s tudies are in progress ; 
one on the effect of worms on sediment cycling involving heavy metals and 
bacteria , one on the short and long term toxic ity of various pollutants to 
resistant and sens itive species in the laboratory . 
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Oc ean dumping permits were proces sed as usual , and the Ocean 
Dumping Research fund was administered , again with a workshop to analyse 
results and plan future work as well as to prepare a brief annual report . 

O cean E co l ogy ve rt i ca l  p ro f i l e r  
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SHIP DIVISION 
E .N .  Geldart - Regional Marine Superintendent 

*N . St . C .  Norton - As sistant Marine Superintendent ( Deck) 
R . W .  P arkinson - Assis tant Marine Superintendent (Eng . ) 
D . J .  Redman - Design Draft sman 
D . A .  Doyle - Secretary 

*Le f t  in 1 9 7 9  

The Pacific Reg ion Ship Divis ion provided ship , submers ible , launch 
and depot support for the 1979  hydrographic and scientific programs and for 
various federal departments and univers ities . 

CSS Parizeau ( 64 . 3  m overall , 1929 tonnes) 

Mas ter : A . G .  Chamber lain Chief Engineer : P .  Olcen 

CSS  Parizeau was employed in support of scient if ic and hydrographic 
programs involving Hydrography , Tides and Currents , Ocean Chemistry , Ocean 
Ecology ,  Offshore Oceanography ; Loran C calibrat ion ; Pac ific Geoscience 
Centre Geology ; Department of Nat ional Defenc e ,  Ocean Acoustics ; University 
of British Columbia ,  Oceanography . 

CSS  Mm. J. Stewart ( 65 m ,  1920  tonnes) 

CSS Mm. J. Stewart was sold to local interes ts and it is thought 
this ship will be used in a non-operational way in the tourist industry . 

CSS  Vector ( 3 9 . 6  m ,  505 tonnes ) 

Master : K .  Sj oho lm Chief Engineer : R .  Gibson 

CSS Vector carried out programs in support of Coastal Zone 
Oceanography , Ocean Chemis try , Offshore Oceano graphy , Ocean Ecology ; 
Pacific Environmental Ins t itut e ,  Bio logy ; Environmental Protection Service;  
University of British Columb ia , Oceanography ; S imon Fraser Univers ity , 
Oceanography . 

CSS  Richardson ( 1 9 . 8  m ,  78 tonnes) 

Master : M . G .  Wheeler Chief Engineer : I . N .  Henderson 

CSS Richardson was used mainly in Queen Charlotte Is lands 
hydrographic survey and in search and rescue operat ions . 
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MV Radium Express ( 22 . 2  m ,  1 00 tonnes) on charter 

Master : I .  Wiebe Chief Eng ineer : N .  Boudreau 

Mackenzie River and Mackenzie Bay hydrographic surveys continued 
with the MV Radium Express . 1 9 79 marks the last year of this series of 
survey seasons on the Mackenzie River system .  

MV Pandora II ( 58 . 2  m ,  1 2 20 tonnes) on charter 

Master : R . A .  Jones Chief Engineer : J .  Newton 

MV Pandora II carried out programs in support of S imon Fraser 
Univers ity ; Environmental Protection Servic e ;  Ocean Chemis try and Offshore 
Oceanography ; in conj unct ion with Pisces I� the vessel supported programs 
for Coastal Zone Oceanography and Tides and Currents and supported Pisces IV 
during trials for the mod ified 2000 metre depth capab ility . 

PISCES IV ( 6 . 1 m ,  1 2  tonnes) 

Chief Pilot : *1 . Sanderson 
F .  Chambers 

*Left in 1 9 7 9  

PISCES IV , our deep-dive submers ible, received an extensive modifi
cation and was tes t-dived to 2000 metres . The development of a new tracking 
system is currently awaited which will enable this craft to per form at the 
maximum depth level of 2 000 metres . PISCES IV was flown by Hercules to 
the Atlantic coast to undergo an interface exercise with the Canadian Forces 
vessel Cormorant and travelled to Lancaster Sound on the Canadian Forces 
vessel . 

Barge Pender 

Construct ion on the b arge Pender was finally completed and the 
craf t fitted out as a submers ible tender ves sel . The combinat ion 
Pender/Pisces IV was towed to Jervis Inlet by the Canadian Forces Auxiliary 
Vessel St. Anthony on a successful shake-down cruise in December and work 
was p erformed for Pacif ic Geoscience Centre Geology on the return voyage 
to Patricia Bay . 

Launches 

CSS Parizeau hos ted a four launch survey party in the Laredo S ound 
area and launches were used in Tuktoyaktuk and Summers Harbour in the 
Wes tern Arctic . 

Depot 

The depot workshops continue to provide support to Institute 
activities in addition to the provis ion of repairs to ships and launches . 
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MANAGEMENT SERVICES DIVISION 

Batchelor , R. J .  
Coldwell ,  J . H .  

*Cotter , M . L . 
Craton , M . I . K .  

*Crouch , R . W .  
Curt is , J . N .  
Deane , G . J .  
Depuit , R . M .  
Doyle , D . A .  
Drysdale , A. E .  
Firth ,  C .  
Hall , E . J .  
Hamilton , K . R. 

*Harbar , M. S .  
Jones , K . M . G  .. 
Knapp , B . M.  
Lapp , B .  I .  
Lohrmann , B .A .  
Mathias , A . L .  
McKenz ie , S . D .  
Mikkelsen , M � L .  
Olauson , E . J .  
P arsons , j . E .  
Peirson , E .  
Reinstein , H . G .  
Sabourin , J . T .  

*Smith , R . M .  
S tevens , I . B .  

*Thomas , C . D .  
Thomson , L . S . C .  
van Dusen , T . S .  
Wonnacott , D . C .  

*Lef t during 1 9 7 9  

Commiss ionaires 

Sgt . D . W .  Price 
Sgt . W . L .  Caldwell 
Comm . J .  Gessner 
Comm. L .  Brown 

N . A .  Todd - Chief Management Services 

Comm . 
Comm .  
Comm. 
Comm. 

-S tores 

-Purchasing 

-Secretary , Regional Marine Superintendent 

-Per sonnel 

. -S ecretary , Chief , Management Services 
-Pay and Benefits 

G .  
S .  
H .  
A .  

-Adminis trative S ervices 
-Secretary , Ocean Chemis try Division 
-Secretary , Regional Hydrographer 

-Financ e 
-Secretary , Ocean Physics Division 
-Facilities Op eration and Maintenance 

-Central Regis try 
-Library 
-Secretary , Director-General 
-Secretary , Ocean Phys ics Division 

Glass 
McMillen 
Moffat 
Samouelle 

Comm. L .  Trerice 
Comm . J .  Quinton 
Comm. T .  Osborne 
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Ins titute o f  Ocean Sciences 

This will be the last  report on cons truct ion of our new facilities . 
Mos t  of the maj or contracts were completed in 1 97 8 , and in 1 9 7 9  we were 
mainly oc cupied with clearing up defic iencies and having s ome troubles 
corrected during the warranty period . At the t ime of writing there is only 
one contract (for an environmental cold room) which has no t been completed . 

For the maj ority of the s taff the construction process had its 
finale when , on 28 February , the Governor-General officially opened the 
Institute . Our former Minister , Mr . Le Blanc and our Deputy Minister , 
Mr . Tansley , were also present along with repr es entatives from the provincial 
and municipal governments , and the Cap ital Regional District . Dr . Stewart 
hosted the guests , cutting short a trip to Europe to be present for the 
occasion .  

Construction act ivity a t  Patricia Bay is , however , about t o  s tart 
again . The original planning for the Institute of Ocean S ciences included 
another obj ective to have the private sector in close proximity . During the 
past year negotiations have been underway with the British Columb ia Develop
ment Corporat ion to establish a Marine Technology Centre on part of the s ite . 
Agreement has been reached and the Development Corporation anticipates it 
will be calling tenders for construction early in 1 980 with anticipated 
completion of a first building by mid summer . 

D r .  R .  W .  S tewa rt an d g ues ts  a t  an  1 05 l un cheon fo l l ow i n g  the o f f i c i a l  ope n i n g .  
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Administration 

Perhaps the most  s ignificant development in Administration in 
1 9 7 9  was establishment of a regional personnel office in the Ins titute . 
Ms . Kathleen Hamil ton was appointed Regional Personnel Manager , reporting 
to the Director-General . 

There was a larger than usual turn-over in staf f during the year 
which , coupled with restrictions on hiring , placed additional burdens on 
the remaining staff . Nevertheless , the routine work in finance ,  mater iel 
management and records management was completed . The continued development 
of our materiel inventory sys tem is also worth mention . 

The number of  people vis iting the Institute continued to increase .  
I t  is particularly rewarding to note that many o f  the local schools view 
a visit to the Institute an important item in their curricula . Many 
writ ten and verbal compliments to our commissionaires and our scientific and 
technical staff have been received . A French version of  the audio-visual 
show , with which we start the tours , is now available . 

Local press coverage of Ins ti tute ac tivities was extensive and 
generally of a high standard . 

Progress has been made in our energy conservation measures . 
Various changes have been made to procedures and in some hardware in order 
to reduce energy consumption . A s tudy on the possibility of using solar 
energy for powering some of the systems has been init iated . 

LIBRARY 

L . S . C .  Thomson - Librarian 

C .  Firth - Library Clerk 

The highlight of 1 97 9  for the Library was the development of a 
program to put the Library ' s  catalog on the computer . After four years of 
intermittent discussion and some abo rtive attempts , the program has 
metamorphosed into a very usable one . We look forward to spending a 
considerable proport ion of our time in 1 980 entering the data and producing 
a printed catalo g .  

The Library ' s  budget was decreased and the combined effects o f  
price rises and inflation have resulted in cuts in the j ournal subscr ip tions , 
as well as curtailment in book purchases . We have , however , received 
increased patronage from outs ide borrowers , who are very willing to pay 
for services .  



7 2  

TASK FORCE , COMMITTEE ��D SIMILAR ACTIVITIES 

DIRECTOR-GENERAL'S OFFICE 

Mann , C . R. 

Scient ific Advis ory Bo ard , Intergovernmental Oceanographic 
Commis sion . (Chairman) 

Advisory Panel on Oceans , Strategic Grants Committee , Nat ional 
Science and Engineering Council . (Chairman) 

Sea Use Council (Canada-U . S . ) .  (Vice-Chairman) 

International Committee for the Exploration of the Sea . 
(Canadian Delegat e) 

Science Council of B . C . , Research Evaluation Sub-Committee 
Ocean and Marine Resources Group . 

Atlant ic Research Dir ectors Committee . 

Canad ian Oceano graphic Delegat ion to China . 

World Climate Conference.  (IOC Representative) 

Cornford , A. B .  

Working Committee for Global Inves tigations of Pollut ion in the 
Marine Environment (GIPME) . (Canadian Delegate) 

IGOSS (MAPMOPP/MARPOLMON) . ( Canadian Delegate) 

Ins titute Management Commit tee . 

HYDROGRAPHIC DIVIS ION 

Ag es , A . B . 

Env ironmental Emergency Working Group , Victor ia Zone . 

Technical Commit tee (DOE ) , Annacis Island Sewage Treatmen t .  

Bolton , M .  

Hydrographic Committee CI S .  

National Hydrographic Survey Of ficer s '  Appraisal Board . 

National Hydrographic Training Committee . 

New Research/Survey Vessel U sers Design Committee . ( Chairman) 

Pacific Sub-Committee on Oceanography of CCO . (Member) 

Research Ship Scheduling Committee. 
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Joint DOE/DEMR Guiding Committee of Off shore Surveys . 

International Hydrographic Technical Conf erenc e (1979) . ( Chairman) 

Survey Engineering Advisory Committee , University of Calgary . 

FIG Commiss ion IV . (Canadian Delegate) 

Management Committee lOS . 

Library Committee lOS . ( Chairman) 

Curran , T .A .  

Elec tronic s Technology Program Advisory Committee, Camosun College . 

Galloway , J . L .  

Steering Committee for the Establishment of International Shipboard 
Data Acquisition Standards .  

Hugget t ,  W . S .  

New Research/ Survey Vessel Users Design Committee. 

Environmental Emergency Working Group , Vic toria Zone. 

Regional Hydrographic Survey Off icers ' Appraisal Board. 

Larkin, J . E .  

Canadian Institute of Surveying , Vic toria Branch. (Secretary) 

O ' Connor , A . D .  

Canadian Institute of Surveying , Victoria Branch . (Past Chairman ) 

Survey Technology Advisory Committee , BCIT . 

Regional Hydrographic Survey Officers ' Appraisal Board . 

Rapatz , W . J . 

B . C .  Civil Defense Tsunami Committee . 

Ocean Dump ing Act . (Inspector ) 

Richardson , G . E .  

Regional Hydrographic Survey Officers ' Appraisal Board . 

Sandilands ,  R . W .  

Hydrographic Technical Committee , Canadian Institute of Surveying . 
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The Canadian Surveyor . (Associate Ed itor (hydrography) ) 

Lighthouse - Canadian Hydrogr apher s Association . (As sistant Editor ) 

Survey Technology Advisory Commit tee - Camosun College . 

Board of Trustees , Maritime Museum of B . C .  (Past Chairman) 

International Hydrographic Technical Conference Committee (197 9 ) . 

Canadian Institu te of Surveying , Vic toria Branch . (Vice-Chairman) 

Canadian Hydrographer s Association, Pacif ic Region . (Executive member ) 

Regional Hydrographic Survey Of ficers ' Appraisal Board . (Chairman ) 

Library Committee lO S .  

Smith, A .  

Sub-committee of CPCGN for Undersea Features . 
(Canadian Permanent Committee Geographical Names)  

Stephenson, F . E .  

lOS Saf ety Commit tee . 

Wat t ,  J . V .  

Elec tronic s Technology Program Advisory Committee , Camosun College . 

Will s ,  R .  

Regiona l Hydrographic Survey Officer s '  Appraisal Board - Chairman 

Regional Corrmlittee on Interagency Routing of Navigational Information 

Survey Technology Advisory Committee , BCIT 

Regional Board , Pacific Region , Estuary Working Group 

Wigen, S . O .  

International Co-ordination Group f or the Tsunami Warning System in the 
Pacific - National Representative 

Canadian Working Group on the Use of Satell ites in the Tsunami Warning 
System - Chairman 

Jo int Federal /Provinc ial Tsunami Working Group - Chairman 

OCEAN CHEMISTRY DIVISION 

Cretney , W . J .  

Laboratory Safety C ommittee , Ocean Chemis try . (Chairman) 



Institute Safety Committee .  

Ins titute Cafeteria Committee . 
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Chemical Institute o f  Canada , Vancouver Island S ection . (Secretary) 

Organiz ing Commit tee - C IC Symposium on "Marine Chemistry into the 
Eighties" . 

Macdonald , R . W .  

Ocean Dumping Technical Sub-Commit tee , Pacific Region . 

Arctic Petroleum Operators Association/Government S teering Committee 
on Offshore Drilling Fluid Disposal . 

Jo int Industry/ Government S teering Commit tee on Prob lems on Arctic 
Hydrocarbon Development :  Working Group on Ice Scours . 

Organizing Committee - CIC Symposium ori "Marine Chemis try into the 
Eighties" . 

Organizing Commit tee - NATO Fj ord Workshop Symposium . 

Thompson, J . A . J .  

Institute Safety Committee . 

Laboratory Safety Committee - Ocean Chemis try . 

Pacific Nuclear Activation Research Associat ion . (Secretary) 

Chemical Institute of Canada , Vancouver Island Section . (Vice-Chairman) 

Organizing Committee - CIC Sympo s ium on "Marine Chemis try into the 
Eighties" . (Chairman) 

Wong,  C . S . 

Environmental Contaminant Act Advisory Committee , Pacific Region .  

NRC Asso ciate Committee o n  Marine Analytical Standards ,  Atlantic 
Regional Lab oratory . 

C02 S tandardization Committee - GEOSECS . 

Organizing Commit tee , NATO Advanced Research Institute on " Accurate 
Measurement of Trace Metals in Sea Water" , (Chairman) 

Local Organizer , Sympos ium on Controlled Experiments , August ,  198 0 .  

Inst itute Management Committee . 

OCEAN ECOLOGY LABORATORY 

Brinkhurst , R . O .  

Univers ity of Victoria . ( Honorary Professor) 

Royal Ontario Museum.  (Res earch As sociate)  
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North American Benthological Society . (President-Elect ) 

American Society Limno logy and Oceanography . 

Regional Ocean Dump ing Advisory Committee . (OAS Representat ive ) 

Science Subvent ion Ass es sment . (OAS Representat ive)  

Standards Council of Canada - ISO/TC/ 147 / Sc S  Member . 

F irst International Aquat ic Oligo chaet e Bio logy Sympos ium . ( Chairman 
and Proceedings Editor ) 

Rawson Foundation . (Fellow) 

European Marine Biological Sympos ium (Helgoland ) . (Session Chairman) 

Univers ity of Hamburg , Zoological Ins t itute and Museum . (Visiting 
Inves t igator) 

University o f  Victoria . (Graduate Student Committees ( 3 ) ) 

Ins t itute Management Committee . 

Denman , K . L .  

Canadian Marine Sciences Delegat ion , China . 

Canadian Met eorological and Oceanographic Society . ( Chairman , 
Citat ions Committ ee) 

American So ciety Limnology and Oceanography . (Memb er ,  Nominations 
Committee) 

Herlinveaux, R . H . 

Regional Ocean Dlrnping Advisory Commit tee (Arct ic) . 

Oil Sp ill Emergency Team . (OAS Repres entative) 

Ar ctic Wat ers Advisory Committee .  (OAS (Al t . )  Representative) 

Mackas , D .  

Univers ity o f  Victoria . (Adj unct As s istant Pro f essor) 

OCEAN PHYSICS DIVISION 

Bell , W . H .  

RODAC Technical S ub -Committee . 

Farmer , D . M .  

Babine Lake S teering Commit tee . 

AGU Es tuarine Coas tal Oceanography Committee . 

Garret t ,  J . F . 

Committee of Participants in the Southern Hemisphere Drifting Buoy 
System for the FGGE . (Chairman) 
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Giovando , L . F .  

Joint Working Commit tee Lower Fraser River Environmental Monitoring . 

B . C .  Coas tal Zone Resource Sub -Committee . 

Rob erts Bank Environmental Sub -Committee . 

Gower , J . F . R . 

Canadian Advisory Committee on Remo te Sens ing , Working Group on 
Oceanography . (Chairman ) 

NAIA S easat Synthet ic Aperture Radar Experiment Team . 

IUCRM Inter Union Commi ssion on Radio Me teorology . 

SCOR representative to COSPAR . 

Henry , R . F .  

Univer s ity o f  Victoria Co-operative Educat ion Advisory Council . 
( lOS Representat ive (since Oct . 1 9 7 9 »  

Lake , R . A .  

Arctic Marine Oilspill Program (AMOP) - Management Committ ee . 

Arctic Water Advisory Commi t tee (AWAC) . (Alternate Representative ) 

Lewis , E . L . 

UNESCO jSCORj IAPSOj ICES Joint P anel o f  Experts on Oceanographic 
Tables and S tandards ( S COR W . G .  10) . 

SCORjIAPSO Working Group 5 1  - Evaluation of CTD Data . 

SCOR Working Group 5 8  - Arctic Ocean Heat Budget . 

Canadian Committee on Oceanography Panel on Ice - Arctic O ceano
graphy Sub-Committee . 

Marine Sc ience Communications - Edit orial Advisory Board . 

Canadian National Committee for S COR . 

Arctic Wat er Advisory Committee (AWAC ) .  

Murty , T . S .  

IUGG T sunami Committee . (Canadian representative and Vice-Chairman) 

Canadian Meteorological and Oceanographic Society ( CMOS ) . (Recor ding 
Secretary (until June 19 7 9 »  

Journal o f  Marine Geo desy . (Asso ciate Editor ) 

University of Quebec at Rimouski . (Honorary Director o f  Research ) 
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U . S . Marine Technology Socie ty Panel . (Tsunarnd expert ) 

Canadian Working Group on the Use o f  Satellites in the Tsunami 
Warning Sys tem . 

DFO Advisory Board on S cientific Informat ion and Publicat ions . (lOS 
representative ) 

Smiley , B . D .  

Fate and Effects Working Group o f  Advisory Group on Res earch and 
Development and Memb er (EPS-AGRAD) Petrocan Environmental Advisory 
Commit tee . 

Tabata,  S .  

O cean Climate Panel o f  Working Group 4 8  o f  the S c ientific Committee 
on Oceanic Res earch ( S COR) . 

. 

Integrated Global Ocean Sys tems (IGOS S ) . S ub Group on S cient ific 
Mat ters . 

Organizing Commit tee o f  the 13th Canadian Meteorological and Oceano
graphic Congress (disbanded November 1 9 7 9 )  . 

Thoms on , R . E .  

RSCC Committee on Burrard Inlet Floating Drydo ck . 

Atmosphere-Ocean . (Associat e Editor ) 

Canadian Met eorolo gical and Oceanographic Society , Vancouver 
Is land Centre . (Treasurer) 

B . C . -Yukon Inuit Regional Commit tee of  the Profess ional Ins t itute . 
(Vict oria Representat ive ) 

COMPUTING SERV ICES 

Teng,  K .  

Organizing Committee for CIP S  ' 80 National Computer Conference . 
( Co-Secretary) 

Johns , R . E .  

Organizing Committee for CIPS ' 80 Nat ional Comput er Confer ence . 
(Treasurer) 

Canadian Information Proces s ing Society , Victoria Section . 
(Treasurer) 

SHIP D IVISION 

Ge1dart , E . N .  

Pacif ic Regional Resource/ Survey Ves sel Committee . ( Secret ary) 
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CONTRACTS AWARDED DURING 1 97 9 / 8 0  

Oc eanographic Data Co llec tion on the Fraser River Estuary 
J .  Bruce,  Sidney , B . C .  

Preparat ion for library ca talogue o f  sc ienti fic reports 
concerning T sunami tidal waves 
A. Kr i z ,  V ic toria , B . C .  

F eas ibility examination of alternative elec tronic operating 
sys tems for a turbulent veloc ity measur ement probe 
Cardec Engineering Ltd . , Vic toria , B . C .  

Development o f  a pu bl ic information program on the sc ientific 
p rograms within the Institute of Ocean Sc ienc es 
Ta iga Management Ltd . ,  Vic toria , B . C .  

Numer ical modelling stud ies o f  the estuarine c ircu lat ion in 
the S trait of Georgia System - Par t I 
Univer sity of Br itish Columbia , Vancouver , B . C .  

Processing of physical oceanographic data as returned by 
oc eanographic o bserver s from the wea ther ship QUADRA and 
VANCOUVER 
Interac t Computing Servic es , Vic toria , B . C .  

Study to determine the t idal residual c irculation in the 
Juan de Fuca and Georg ia S trait sy stem 
Beak Consu ltant s ,  Vancouver , B . C .  

Analysis of off shore oc eanographic data from Line P exp er iment 
B .  Cho o ,  Vic toria, B . C .  

Design and wr ite a data s torage and pr ocessing c omputer progr am 
f or the d igitization o f  tsunami trac es appearing on tidal 
marigrams 
B .  Waring , Victor ia , B . C .  

Development of computer programs f or oc ean mlxlng 
Apocalypse Enterpr ises L td . , Vic tor ia , B . C . 

Development of computer programs for r emote sens ing 
Apocalyp se Enterprises Ltd . , V ic toria , B . C .  

Continuing supp or t for the West Coast Oc ean Dump ing Progr am 
Dobrocky Seatech Ltd . 

Development of compu ter programs f or f luid problems in fj ord s  
and coa s tal waters 
CPRO Compu ting Enterprises Inc . , V ic toria , B . C .  

6 , 000 

2 , 744 

3 , 7 00 

8 , 900 

10 , 000 

3 , 8 09 

15 1 , 7 41 

3 , 500 

1 , 500 

19 , 43 6  

9 , 968 

9 , 000 

2 2 , 500 
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Development of computer programs f or Tides & Currents 
CPRO Computing Enterpr ises Inc . , V ic toria,  B . C . 

Data pr eparation and draf t ing of diagrams for scientific 
publications 
C .  Wallace ,  Sidney , B . C .  

Study and analysis o f  p lankton samples from B . C .  coastal 
water s  
G .  Gardner , Brentwood Bay , B . C .  

Ident if ication of mar ine oligochaeta o btained from the S trait 
of Juan d e  Fuca 
H . R .  Baker , V ic toria , B . C .  

Preparation of an index o f  data collec t ed during the Kitimat 
oceanographic study 
Dobrocky Seatech Ltd . ,  Victor ia , B . C . 

Carry out simultaneous deployment of three c ontrolled 
eco system enclosures 
J&J D iver s ,  Victoria , B . C .  

Analysis of dissolved nutrients in seawater 
Seakem Oceanography L td . , Sidney,  B . C .  

S tudy of remote sensing of op en oc ean c hlorophyll and 
temperature 
Seakem Oceanography Ltd . , S idney , B . C .  

24 , 957 

3 , 03 7  

5 , 45 0  

2 , 00 0  

4 , 441 

9 7 5  

1 9 , 57 5  

5 6 , 917 

Assessment of mussel health and sur face sed iment concentrations 15 , 953 
of polycycl ic hydrocarbons in Alberni Inlet 
Seakem Oceanography L td . ,  Sidney , B . C .  
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Depuit ,  R .M. 
Doyle , D . A.  
Drysdale , A . E .  
Firth , C .  
Hall , E . J .  

Lapp , B . I . ; B . A. (Victoria) 
Lohrmann, B .A . ; B . Sc . , M . S c .  (Guelph) 
Mathias ,  A . L .  
McKenzie , S . D .  
Mikkelsen , M . L .  
Olauson, E . J .  
Parsons , J . E .  
Peirson , E .  
Reinstein ,  H . G .  
Sabourin, J . T .  

* Smi th ,  R .M.  
S tevens , L B . ; CIMA (HcNaster) 

*Thomas , C . D .  
Hamilton , K . R. ; B . A .  ( Brit . Col . )  

*Harbar , M .  S .  
Thomson , L . S . C . ; B . A.  (Saskatchewan) , 

B . L . S .  (Brit . Col . ) 
*Jones , K . M . G .  

Knapp . B .M .  

Commiss ionaires 

S gt . D . W .  Pr ice 
Sgt . W . L .  Caldwell 
Comm. J .  Gessner 
Comm . L .  Brown 

*Left during 1 9 79 

Van Dusen , T . S .  
Wonnacott , D . C .  

Comm. G .  Glass 
Comm . S .  McMillen 
Comm. H. Mo ffat 
Corom. A. S amouelle 

Comm . L. Trerice 
Comm. J .  Quinton 
Comm. T .  Osborne 
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HYDROGRAPHIC DIVIS ION 

M .  Bolton - Regional Hydrographer 

Ages , A . B . ; B . A . Sc . ,  M . A . Sc . 
(Br it . Col . ) ,  P .  Eng . 

Bel l ,  R . D .  
Brown, R . E .  
Browning , P . C .  
Chan, G . L .  
Co ldham, F . A .  
Crawf ord , W . R . ; B . Sc . , M . A . Sc .  

(Waterloo ) ,  Ph . D .  (Br it . Col . )  
Crowley, J . V .  
Crowther , W .  S .  

***Curran, T . A . ; B . A . Sc . (EE) 
(Br it . Col . ) ,  P . Eng . 

Czot t£r , K . L . ;  Dip . BCIT 
D ' Aoust ,  A . J . ;  P . Eng . (UNB) 
Dobson, D . C .  
Dorosh, L . W . ; Dip . BCIT 
Ear l ,  E . L . P .  

***Eaton ,  G . H . ; Dip . BCIT 
Elli son, G .  
Farmer , M .  
F isher , D . L .  
Galloway , J . L . ; B . A . Sc . (EE) 

M . A . Sc . (EE) (Brit . Col . ) ,  P . Eng . 
Gould , J .  

***Gregson , D . J . ;  Dip . BCIT 
Harr i s ,  W . J .  
Harrison , D .  
Hermis ton , F . V .  
Hind s ,  E . W . ; Dip . BCIT 
Hohl , M .  
Hollinger , C . ; Dip . BCIT 
Holman, K . R .  

*Hugget t ,  S .  
Hugg et t ,  W . S . ;  Master , (FG ) 
Johnson , B . A . ; Dip . BCIT 
Josephson, K . G .  

**Kenny , B .  
Korhonen , R . K .  
Kynoch,  B . D .  
Larkin , J . G . ;  B . Sc .  (P . E . I . )  

**Lee , K . S .  
Loschiavo , R . ; Dip . BCIT 
Lu sk, B . M . ; Master, ( 3 5 0  T) 
Lyon , A . G . 
Ma , A . C . ; B . Sc .  (Vic toria) 
May ,  R . I . D . ; D ip . BCIT 

**Mikkelsen, M .  

Milner , P . R . ; Dip . BCIT 
Moody,  A . E . 
Mor timer , A . R . ; Master , (FG ) , B . Sc .  

(Victoria) 
*Mor ton , P . A . ; A . O . C .A .  

Mus e ,  R . A . ; Trade Cert . CAP 
*Nielson , G . C .  

O ' Connor , A . D . ;  Mate (HT)  (U . K . ) ,  
Mas ter ( 3 5 0  T)  

O sborne , M.  
*Parker , R . N . S .  

Patton , M .M .  
Philp , A . R .  
P ickell , L .M .  
Pier c e ,  R . A .  
Popej oy , R . D .  
Preec e ,  M . L . ; D ip . BCIT 
Rapat z ,  W . J . ; B . Sc .  (Victoria) 
Raymond , A . R . ; Dip . (Algonquin Colleg e )  
Richard son , G . E .  
Ro s s , A . D . ;  CC (Ontario lns t . o f  

Chartered Cartographer s)  
Said , N . A .  
Sand iland s ,  R . W . ; L t . (H) RN (Ret ' d . )  
Sargent , E . D . ;  D ip . BCIT 
Scho enrank , R .U . ; B . Sc .  (Victoria ) 
Smedley , A . J . ;  Lcdr . RCN (Ret ' d . )  
Smith , A . ; Master (FG ) 
Smith , G .R . ; B . A . Sc .  (ME) (Brit . Col . ) , 

P . Eng . 
S teeples , J . ; Cer t . Mech . Eng . 

(Ed inburgh) 
** S t . Gelais , J .  

Step henson , F . E . ; B . Sc .  (Victor ia)  
**Stone , M . ; Dip . ( Camo sun ColI . )  

Tamas i ,  C . R . ; Dip . BCIT 
Taylor , R . G .  
Taylor , W . R . ; D ip . RCC 
Thompson , L . G .  
Van Du in , W . P . ; D ip . BCIT 
Vo sburgh , J . A . ; Dip . BCIT 
Wakef ield , L . M .  
Ward , M .M . ; Dip . BCIT , B . A .  (Geog . )  
Wat t ,  B .M .  
Wat t ,  J . W . ; B .A . Sc .  (EE) (Brit . Co l . ) , 

P .  Eng . 
Whincup , G .  
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Wigen , S . O . ; B . A. Sc . (Brit . Co 1 . ) ,  P . Eng . 
*Wi11s , R . ; Master (FG) 

Woods , M . V . ; Dip . BCIT 

Wood , D . J . ; Dip . BCIT 
Woodward , M . J . ; B . S c .  (Victoria) , 

M .  Sc . (Toronto ) 

* Left during 1979  
**  Jo ined during 1 9 7 9  
*** Educat ional leave 

COMPUTING SERVICES 

Teng , K. ; B . A. Sc . ,  M . A .  (Brit . Col . )  - Head of Division 

Butcher , J .  W . ; B . S c .  (Victoria) Orass , S . R. ; B . A . Sc . , M . A . S c .  
M . S c .  (Toronto ) (Bri t .  Col . )  

Douglas , A . N . ; B . S c .  (Victoria) Pag e ,  J .  S .  ; B . S c . (Brit . Col . )  
Foreman , M. G .  ; B . Sc .  (Queen ' s ) , Richards , P . J .  ; B . Sc .  (Brit . Col . )  

M . Sc . (Victoria) Smith ,  D .  B .  ; B . S c .  (Victoria) 
Johns , R . E .  ; B . S c .  (Victoria) Whar ton , A . H .  ; B . Sc .  (Victoria) 

M . S c .  (Brit . Co l .  ) Woollard,  A .  L . ; B . Sc .  (Victoria) 

OCEAN CHEMISTRY DIVIS ION 

Wong,  C . S . ;  B . Sc . , M . Sc .  (Hong Kong) ,  Ph . D .  ( Scripp s ) , Dip . Mar . Sc .  (UNESCO) , 
MCIC , FRIC - Head of Divis ion 

Be11egay , R . D . ; Dip . NAIT,  Ass . De g . in Oceano graphy ( Shoreline Community 
Co llege , Seattle) 

Cretney , W . J . ; B . S c . , Ph . D .  (Brit . Col . )  
Johns on , W . K. ; Dip . BCIT 
Macdonal d ,  D .M . ; B . A. S c .  (Brit . Co1 . ) 
Macdonald, R . W . ; B . S c . , Ph. D .  (Dalhousie) 
McLaughlin , F . A. ; B . Sc .  (Victoria) 
Munro , P . S . ;  B . Sc .  (Queen ' s )  
Paton , D . W . ; B . Sc .  (Brit . Co1 . ) 
Soutar , T . J . ; Dip . BCIT 
Thomp son , J . A. J . ; B . Sc .  (MCMas ter) , Ph . D .  (Alb erta) 
Whitney , F . A. ; B . S c .  (Brit . Col . ) 

OCEAN ECOLOGY LABORATORY 

Brinkhur s t ,  R . O . ; D . Sc .  (London) - Head of Divis ion 

Aus t in ,  M . J . ; B . Sc .  (Brit . Col . ) 
Denman , K . L . ; B . S c .  (Calgary ) , Ph . D .  (Brit . Co 1 . ) 
Her 1inveaux , R . H .  
Hill , S . H . ; B . Sc .  (Bri t . Col . ) ,  M . Sc . (Victoria) 
Mackas , D . L . ; B . S . , M . S .  (Washington) , Ph . D .  (Dalhousie) 
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OCEAN PHYSICS DIVISION 

*Nasmyth , P . W. ; B .A . Sc . , M .A. , Ph . D . (Brit . Col . )  - Chief of D ivision 

Garre t t ,  J . F . ; B . A .  (Harvard) ,  Ph . D .  (Brit . Col . )  - Acting Head of Division 

Bell , W . H . ; B .A . S c .  (Brit . Col . ) , 
M. S c .  (Hawaii) , P . Eng . 

Bigham, R . W.  
Chase , G . W. ; Dip . BCIT 

' Cooke , R . A. ; Dip . RCC 
Crean , P . B . ; B . S c .  (Dublin) , 

M . A . S c .  (Toronto) ,  
Ph . D .  (Liverpool) 

de Jong , C .  

Farmer , D . M . ; B . Com . , M .  S c .  (McGill)  
Ph . D .  ( Br it . Co l . ) 

Freeland , H . J . ; B . A. (Essex) , 
Ph . D .  (Dalhousie) 

Garget t ,  A . E . ; B . Sc .  (Manitoba) , 
Ph . D . (Brit . Col . )  

Giovando , L . F . ; B . A. , M . A . , Ph . D .  
( Brit . Co l . )  

Gower , J . F  . R'. ; B . A . , M . A. , Ph . D .  
( Cantab ) 

Henry , R . F . ; B . Sc .  (Edinburgh) , 
Ph . D .  (Cantab ) 

Herlinveaux , R . H .  
Johns ton , P .  
Kamitakahara ,  G . R. ; B . S c .  (Toronto )  
Koppel , A. W .  
Kimb er ,  P . M.  

Linguanti ,  J . ; B . S c .  (Victoria) 
Love , J .  
McNeilL J . M .  
Meikle , J . H .  
Melling , H . ; B . S c . , M. S c . , Ph . D .  

(Toronto) 
*Milne , A . R . ; B . A . Sc . (Toronto) 

M . S c . (McGill) 

Minkley , B . G . ; Dip . BCIT 
Miyake , M . ; , B .  s .  ( EE)  (Drexel ) ,  M. S . ,  

Ph . D .  (Washington) 
Moorhous e ,  S . W .  
Mur ty , T . S . ; B . Sc . , M . Sc .  (Andhra) , 

M . S . , Ph . D .  (Chicago ) 
Perkin , R . G . ; B . A . S c . , M . S c .  (Brit . 

Col . ) 
Richards , D . L .  
Sieb erg , D . G . ; Dip . VVI 
Smiley , B . D . ; B . Sc . , M . S c .  (Alb erta) 
Spear ing , L . A . F . ; B . Sc .  (Brit . Co l . ) 
Stickland , J . A .  
Stucchi , D . J . ; B . A . Sc .  (York) , M . S c .  

(Dalhousie) 

Kuwahara,  L . S . C . ; B . S c .  (Brit . Col . )  
Lake , R . A . ; B . Sc .  (Bri t . Col . ) ,  M . Sc .  

Sudar , R . B . ; B . A . S c .  (Toronto)  
Tabata , S . ;  B . A . , M . A .  (Brit . Co l . ) ,  

D . Sc .  ( Tokyo ) 
Teichrob , R . C . ; Dip . BCIT 

(Washington) 
Lewis , E . L . ; B . Sc . , M . Sc . , Ph . D .  

(London) 

Thomson , R . E . ; B . Sc . , Ph . D .  (Brit . 
(Col . ) 

Topham, D . R . ; D . L . C . , D . C . A . E . , 
Ph . D .  (Loughborough) 

*Left during 1 9 7 9  

Geldart , E . N .  

*Norton , N . St . C .  

Parkinson , R. W. 

*Henderson , J . D .  

Wallace , J . S .  

SHIP DIVISION 

1st Class Marine Engineer , Fellow Institute of Marine 
Engineers ; Regional Marine Superintendent 

Mas ter F . G . ; Assistant Marine Superintendent (Deck) 

Engineer 1st Class Comb ined ; As sistant Marine 
Superintendent (Engineering) , M. I .M . E . 

Engineer 2nd Class S team; Depot Supervisor 



Smith , F . V .  

Redman , D . J .  

P .  Periera 

J .  Orr-Hood 

Bishop , S . O .  

C S S  PARIZEAU 

Chamberlain , A . G .  
Fisher , E . G .  
Newton , B . L .  

*Christie , J .N .  
Palmer S .  
01cen ,  P .  
Gib son , R . B .  
Flynn , J .  
Haines , T .  
Stanway , D .  

C S S  VECTOR 

Sj oho1m, K .  
Price , G .  
MacKenzie , R .  
Vacant 
Pearson , R .  
Conway , A.  

C S S  RICHARDSON 

Wheeler , M. G.  
Henderson , J . N .  

MV RADIUM EXPRESS 

Wieb e ,  I .  
Boudreau , N .  
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Marine and Industrial Electrician ; Depot Supervisor 

Design Draftsman ; O . N . C .  

Rel ief Chief Engineer , 1st Class Motor 

Relief Senior Engineer ; 3rd Class Motor 

Mas ter H . T . ; Relief Chief Officer 

Master , F . G . ; Master 
Master , F . G . ; 1st  Of ficer 
Mas ter , F . G . ; 2nd Officer 
Radio Certificate ; wlo 
Supply Off icer 
Engineer 1 st Class Motor , Chief Engineer 
Engineer 3rd Class Motor , Senior Second Engineer 
Engineer 3rd Class Motor , Second Engineer 
Engineer 4th Class Motor , Third Engineer 
Engineer 4th Class Motor , Fourth Engineer 

Master , F . G. ; Master 
Master , H . T . ; 1st Officer 
Mat e ,  H . T . ; 2nd Officer 
Chief Engineer 
Engineer 3rd Class Mo tor , Second Engineer 
Engineer 4th Class Comb ined , ;  3rd Engineer . 

Master , H. T . ; Master 
Engineer 4th Class Motor ; Chief Engineer 

Mas ter 
Chief Engineer 

MV PANDORA II (Charter ) 

Jones , R .  
Newton , J .  

PISCES IV 

*Sanderson , I .  
Chamb ers , F . J .  
Taylor , R . H .  
Evans , D .  
Witcomb e ,  A .  

*Left dur ing 19 7 9  

Mas ter 
Chief Engineer 

Chief P ilot 
Chief P ilot 
Pilot 
Pilot 
Pilot 
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