Fisheries

I * 3';?, aE‘;\:ironment ol FIELD REPORT SERIES NO. 78-1
T
ARCTIC OCEANOGRAPHIC SURVEY

1978

S.J.PRINSENBERG, D.J.BROOKS

/ (2asA4~ OCEAN AND AQUATIC SCIENCES
CENTRAL REGION

CANADA CENTRE FOR INLAND WATERS
BURLINGTON, ONTARIO




~
~
o)
<. )

ARCTIC OCEANOGRAPHIC SURVEY 1978

by

S.J. Prinsenberg
and
D.J. Brooks

This is an internal technical report which

has received only limited circulation. On

citing this report the reference should be
followed by the words "UNPUBLISHED MANUSCRIPT".

Research & Development Division
Central Region, Ocean & Aquatic Sciences
Fisheries & Environment Canada
P.0. Box 5050
June, 1978 Burlington, Ontario, L7R 4A6



TABLE OF CONTENTS

Table of Contents « « « « ¢« o o o o o o o o o @

List of Figures . . « « ¢« ¢ ¢ ¢ o o ¢ o o o o« &

Acknowledgments . « + ¢ ¢« ¢ ¢ ¢ ¢ o o 0 4 e .
Overview . « ¢ ¢ o o o o o o o o s o o o o o -u
Personnel . .« o ¢ & o« & ¢ ¢ o o o o o o o o o
Equipment . . . ¢« . ¢ ¢ ¢« ¢ ¢ o s ¢ o o ¢ o o

Chronology of Events . . ¢« ¢« ¢ &« ¢ o o o o o &
Program Field Operations . . . . . . . . . . .
(1) Moorings . . « ¢« ¢ & ¢ o o o o o &
(2) CTD SUTVEY .+ « & ¢ o o o o o o o &
In-The-Field Data Reduction . . . . . . . . . .
Recommendations . .« . . « ¢« ¢« ¢ ¢ ¢ ¢ o o .
Equipment Evaluation . « « « o« o « o o« o « o .

Preliminary CTD Results . + « o « o o o o & & &

Appendix . ¢ . . i 4 4 e h e e e e e e e e e
(1) Listing of CTD Station Locations .
(2) Photographs + « « « ¢« & &« o o o o« &
(3) Deployment and Retrieval Log Sheets

N N W e

10
15
18
20
21

25
26
29
33



Figure
Figure
Figure
Figure
Figure
Figure

Figure

N o W

LIST OF FIGURES

The Canadian Arctic . . . . . . . . . . .
Location of Instrument Arrays . . . . . .
Location of CTD Stations . . . . . . . .
Salinity, Temperature, Sigma-t Profiles .
Surface Layer Salinity Distribution . . .
Salinity Distribution at 100-Metre Depth

Temperature Distribution at 100-Metre Depth

ii

11
17
22
23
24



ACKNOWLEDGMENTS

The work conducted during the survey was dependent upon
cooperation between personnel of the Polar Continental Shelf Project
and Ocean and Aquatic Sciences, Central Region. The survey was finan-
cially supported by the Ministry of Transport and the Polar Continental
Shelf Project. PCSP personnel in Resolute Bay were most helpful in the
logistics involving aircraft procurement and coordination as well as
maintenance and handling of equipment.

The authors would like to thank Mr. S. Peck for the scientific
planning of the project; Messrs. S. Baird and F. Deys for the hardware
and software development of the CTD system; Captain W. Corkum (O&AS) for
providing the project with a boatswain during the retrieval of the
current meters; and Mr. B. Thorson and Mrs. C. Kennedy for the carto-

graphic and editorial work of the report.

iii



OVERVIEW

The 1978 Arctic Oceanographic Survey investigated the vertical
and horizontal salinity and temperature distribution of the area surrounding
the Barrow Sill. The CTD Survey covered that part of the North West
Passage between the eastern side of Melville Island (105o W longitude) and
the center of Cornwallis Island (94° W longitude) (Figure 1). The main
emphasis was placed on the four channels of the Barrow Sill area where
repeated CTD transects were obtained. The centers of the four channels
were also the locations at which 13-hour CTD data and surface (2m) and
mid-depth (50m) current meter data were obtained. In addition, surface
current meter data were obtained from each side of Keene Bank (south end
of Austin Channel), and surface and mid-depth data were obtained from
upstream of Keene Bank in support of the ARCTEC project. The current meter
length varied from 4 to 5 weeks.

The survey was carried out from the Polar Continental Shelf
Project base camp in Resolute Bay and used their helicopter support for
the CTD program and their fixed-wing support for the current meter and
13-hour CTD station work.

The CTD data will be used to compute the relative vertical geo-
strophic currents of the four channels and to investigate the exchange
properties of the Arctic and Atlantic surface waters. The time-series data
will be subjected to harmonic and power spectral analysis in order to study
the decomposition and causes of the total currents. The mean currents will
be used in conjunction with the relative geostrophic currents obtained from
the CTD data. The final analyzed data will be used in a general circulation
model of the high Arctic as well as in the M.0.T.-sponsored studies relating

to the shipping of fossil fuels from the Arctic by means of tankers.
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Figure 1: The Canadian Arctic
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EQUIPMENT

.8)

Aircraft
1) Bell 206B Jet Ranger (Okanagan Helicopters Ltd.) equipped
with Decca Receiver; and
2) de Havilland DHC-6 Twin Otter (Bradley Air Service).
Instrumentation
1) Two (2) Guildline Mark IV CTD Probe and Deck Units c/w
TEAC PC-10 cassette tape recorders;
2) Two (2) lightweight, portable winches c/w sliprings;
3) Fourteen (14) Aanderaa RCM-4 current meters c/w surface-
referenced mooring equipment;
4) Two (2) Applied Microsystems tide gauges;
5) Hewlett-Packard data reduction system c/w 9825 programmable
calculator, printer, and plotter;
6) Five (5) Jiffy ice augers (9");
7) Two (2) Cell Arctic tents; and /

Prototype of next Guildline CTD probe and deck unit.
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CHRONOLOGY OF EVENTS

Arrive at Resolute

Setting up equipment

Starting of current meters

Deployment of 14 current meters and 2 tide gauges
Testing of CTD system at ice station

Commence CTD sampling

CTD sampling

Helicopter grounded, no radio

Helicopter fuel pump problem, CTD sampling 1/4 day
Grounded by weather

CTD sampling

13-hour station #838, equipment problems

13-hour station #838 completed

Moved equipment to station #835, sampling stopped
after 4 hours '

Equipment maintenance

CTD sampling

13-hour station #835 completed

Grounded by weather and maintenance

CTD sampling

13-hour station #845, stopped after 5 profiles
13-hour station #845 completed

CTD sampling

Grounded by weather

CTD sampling, place ice station out

13-hour station #842 completed

CTD sampling

Grounded by weather

Recover current meters (2) at station #828

CTD sampling
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Commence current meter and tide gauge retrieval
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PROGRAM FIELD OPERATIONS

The 1978 winter field program consisted of two parts:
1) the deployment and retrieval of 14 Aanderaa current meters
and 2 Applied Microsystems tide gauges; and
2) CTD oceanographic sampling including four 13-hour CTD
stations.
The total survey was completed during an eight-week period and lasted
from March 3rd to April 29th. During the CTD portion of the survey,

all incoming data was processed at the base camp.

Part 1: Moorings

The 14 current meters and 2 tide gauges were used to obtain
current and tidal height time-series data at 10-minute time intervals.
The location of the instrument arrays are shown in Figure 2, and the
data on the summary of the Launching and Retrieval logs (included in
the Appendix) are shown in Table 1. The operational techniques of the
deployment and retrieval of the instruments were as follows:

a) Deployment

The average ice thickness encountered was two (2) metres. A
single nine-inch (9") hole was drilled using a Jiffy ice auger and ten-
foot (10') sections of 1%'" aluminum pipe were connected to the required
depth (2 or 50 metres). The aluminum pipe was previously drilled at each
end so that all connecting bolts would line up, thus permitting the
current meter to be oriented with true north as established by the Twin
Otter gyro compass.

The two tide gauges were installed, again using a nine-inch
ice hole. A lead weight was used as an anchor and a cylindrical sub-
surface buoy, 8" in diameter, was used to hold the instrument upright.
For retrieval purposes, a line was attached to the surface from the
sub-surface buoy up through a piece of aluminum pipe frozen in the ice

hole.
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b) Retrieval

In order to retrieve the moorings, a pipe clamp was designed
to grip the pipe in the lifting direction. An ice hole was drilled
along the length of the pipe, and the mooring was centered in the hole.
A tripod, complete with hand winch and block, was placed over the hole.
The special pipe clamp connected to the winch was placed on the pipe and
dropped to the lower connection. Each section of pipe was retrieved and
disconnected in this manner until the instrument was recovered. This
method proved very successful and made retrieval very easy. The tripod
was also used to retrieve the tide gauge by taking the surface wire and
hooking it through the block to the winch. The sub-surface buoy and

instruments were then winched out of the hole with very little effort.

TABLE 1: Current Meters and Tide Gauges Summary

Station Location Depth (m) Time (day-mth) Recording
Number Lat. Long. Instr. | Bottom | Launching{Retrieval| Time (days)
828 74 40.3 | 96 43.8 2 210 10-3 13-4 34
828 74 40.3 [ 96 43.8 50 210 10-3 13-4 34
845 74 10.0 | 98 34.0 2 126 11-3 23-4 43
845 74 10.0 | 98 34.0 50 126 11-3 23-4 43
842 74 26.7 | 98 06.4 | 2 137 11-3 23-4 43
842 74 26.7 | 98 06.4 50 137 11-3 23-4 43
835 74 52.8 | 98 17.0 2 92 11-3 22-4 42
835 74 52.8 | 98 17.0 50 92 11-3 22-4 42
838 74 38.3 | 97 58.2 2 88 13-3 22-4 40
838 74 38.3 | 97 58.2 50 88 13-3 22-4 40
882 75 27.3 | 103 05.4 2 - 15-3 26-4 42
882 75 27.3 {103 05.4 50 - 15-3 26-4 42
895 75 07.4 | 102 95.6 2 147 15-3 27-4 43
892 75 11.1 | 101 06.7 2 155 15-3 26~4 42
B.Bay 74 59.3 | 98 25.6 28 30 13-3 244 42
M.Isl. 74 11.9 | 99 10.0 8 10 13-3 - -




Part 2: CTD Survey

The CTD survey collected salinity (conductivity) and temperature
profiles using the Guildline Mark IV probe, deck unit, and portable winch.
The data collection program was designed to obtain a horizontal and
vertical description of the salinity and temperature distribution to check
on the horizontal mass transport of the Atlantic and Arctic surface water
masses. The 13-hour station CTD work occupied stations located on the
actual Barrow Strait sill and provides data on the time variation in the
salinity and temperature field at the most active location of the area.
Following are the operational techniques used in the CTD survey.

a) Regional CTD Sampling
The CTD work consisted of obtaining CTD profiles at the stations

shown in Figure 3. The stations on the Barrow Sill were repeated so that
tidal variations could be averaged out. A total of 96 successful station
locations were occupied, while at 4 locations the ice was too thick to
complete the station.

Station work consisted of the following steps. The station was
located using the helicopter Decca navigation system and a suitable land-
ing spot was found in the area. Usually a fresh frozen lead or floe was
chosen through which less ice would have to be drilled. Next, the 9"
Jiffy auger was used to drill a hole through the ice, and the winch and
probe were installed in place. Several up-and-down motions of the probe
in the ice hole are required to properly flush the conductivity sensor.
This was done in a manner that would least disturb the water structure of
the surface layer. The deck unit was then switched on and the readings
displaying depth, conductivity ratio, and temperature were checked. When
they were in their expected value ranges, the probe was lowered while the
cassette recorded the data sent up from the probe. Upon completion of the
cast, the quality of the recorded data was displayed and checked on the
deck unit before the probe was brought back up to the surface. Profiling
on the way up can be done if the profiled data taken on the way down
appears to be questionable. Several pictures in the Appendix show the
operation procedure of the CTD profiling work. The Appendix also lists

the station locations, times, and depths of the profile, bottom, and ice.

10
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b) 13-Hour CTD Sampling

The 13-hour station work consisted of establishing an ice
station camp at the required location and obtaining CTD profile data at
one~-hour intervals over a period of 13 hours. The Twin Otter was used
to transfer the ice camp equipment which consisted of two Cell Arctic
tents (connected by a tarp), heating and cooking stoves, cots, sleeping
bags, food, and cooking utensils. The CTD equipment (similar to that
of the helicopter CTD operations) and personnel were also brought out by
Twin Otter. Later, as more daylight hours became available, they were
ferried out by the helicopter the morning after the Twin Otter estab-
lished the ice camp. After the camp was set up, CTD profiling commenced
and lasted for the next 13 hours. For the first ice stations, the final
profile was usually taken sometime in the late evening, and it was then
too late to move the camp. Due to the severe low temperatures and long
exposure while the camp was set up, the instruments did not operate as
well as during the later ice stations. At these ice stations, the first
two profiles were taken out of the helicopter while the tents were being
heated. This meant profiling could start right away and, with the extra
daylight in the latter part of the survey, enough light was available to
pick up the whole camp in the early evening after the 13-hour sampling
period was completed. Table 2 summarizes the location and time of the

13-hour stations, while Figure 2 is a map of the actual location of the

stations.
TABLE 2: 13-Hour Station Summary
Station Location (Deg.) GMT (day/hr/min) Number of
Number Lat. Long. Start Finish Profiles
838 74 38.16 97 57.23 86 17 0| 87 60 14
835 74 53.90 98 22.00 87 19 0f 87 22 0 4
835 74 53.90 98 22.00 91 12 30f 91 24 0 14
845 74 10.00 98 34.00 94 12 30| 94 15 0 5
845 74 10.00 98 34.00 95 14 0} 96 10 12
842 74 27.68 98 4.89 100 14 0)100 24 0 12

12



The CTD survey portion of the Arctic 1978 project took place
from March 3rd to April 15th. During this 26-day period, 5 days were
lost due to instrument breakdown and maintenance, 3% days due to adverse
weather conditions, and 1-3/4 days for helicopter maintenance for a
total of 10% down days. A breakdown.of the profiles obtained and

down days encountered during the CTD survey is shown in Table 3.

13



TABLE 3:

CTD Profiles and Down Days

Date

Number of Profiles

Ice Station

Down Days

Successful | Unsuccessful Numbex ~22i22§;té¥)(ﬂ) Instruments
20-3% 1
21-3 -
22-3 - = 1, H
23-3 2 - 3/4, H
24-3 - - 1, w
25-3 9 1
26-3 - - 838 1
27-3 14 - 838
28-3 4 - 835 1/2
29-3 = . 1
30-3 - 1/4
31-3 -
1-4 14 - 835
2-4 - - 1/2, w 1/2
3-4 =
4=4 5 - 845 1/2
5-4 12 - 845
6-4 10 -
7-4 7 - 1/2
8-4 = - 1, W
9-4 6 - 1/4
10-4 12 - 842
11-4 6 . 1/2
12-4 1, W
14-4 9 2
15-4 12 -
26 4 13-hour
days 157 4 stations 5 1/4 days 5 days

* During 13th April, current meters at station #288 were recovered.

14




IN-THE-FIELD DATA REDUCTION

The back-up Guildline deck unit and TEAC cassette tape
recorder were used with the Hewlett-Packard 9825 calculator, printer,
and plotter to reduce the CTID profile data. The data reduction system
(see photograph in Appendix) was in daily operation in the sleeping
quarters of the 0.I.C. at the PCSP base camp. The 0.I.C. was able to
keep up with the amount of incoming data as he could process the same
amount or more data daily as was obtained during a normal CTD field
or 13-hour station day.

The data stored on the cassette tape was replayed through the
deck unit and transmitted to the calculator. A set of programs was
specially written (F. Deys) to filter and select a set of temperature
and conductivity values at specified depths. The first program (Data
Reduction) selects 45 sets of values at the first pass and an additional
5 sets of values at the second pass through a particular profile tape
recording. After the first 45 sets of values are obtained, they are
listed and plotted to provide the operator with a means to select
(1if necessary) the last 5 depth values at depths where large variations
in the first 45 sets of data values appear. After the second pass through
the profile tape recording is completed, pairs of data values can be
deleted before the data are stored with the appropriate station header
information on a HP tape. A second program (Edit) could then be rum on
the HP calculator. This program edits individual data values of the HP
tape before final copies of the listing and plot are run. Examples of
a final data listing and plot are shown in Table 4 and Figure 4,
respectively.

In the field, the plots were run on graph paper using coloured
pens which gave the operator an easier task of picking the extra 5 depth
values and doing the individual editing. Most of the required editing
involved the top or bottom values of the profile where sometimes contam-
ination in the conductivity cell, due to ice (surface) or sediments
(bottom), caused questionable values. A complete set of black and white
plots was also run for the use of data publication (for example, see

Figure 4).
15



TABLE 4: Final Data Listing

Stotion Mumber..seeseean. S43 C: 47
GMTeesassonnsenssasnsanns 2823 a3/78
LotitUdee eevnnannsassanss 4 11.60
LD?’I?itUdE-.--......-.-.-- 98 34-@9
Sounded Depth(m)..oeeness 128,35

IC-E' TI"IiCrkP'IEiS(N)--..-..-. 2-4

DEPTH TEMF. SAL. SIGMA T

1 4.1 -1.727 21,538 25,383
2 5.1 ~1,727 31.531 - 25.384
3 6.1 -1.728 31.533 25, 386
4 7.1 -1.728 31.532 25,385
5 8.1 -1,728 31,535 25,387
& 9,1 -1.727 31. 53 25,287
7 18,9 ~1.727 21.535 25,388
g 11.1 -1.728 21,538 25,398
9 12,1 -1,727 31,537 25, 389
16 13.0 -1,728 21,541 25, 392
11 14,0 -1,728 21,543 25, 29
12 15.1 -1,72% 31,547 25,397
13 17.5 -1.728 31,549 25, 339
14 2@.1 -1.728 31,551 25,401
15 22,5 -1,728 31,5582 25, 462
15 25, @ -1.728 21,554 25,463
17 27.5 -1.717 31,6282 25, 458
15 2@, 1 -1.684 21,948 25,714
143 32.6 -1,674 32,035 25,792
=8 35.1 -1.672 32,097 25, 841
21 57.6 ~1.658 32,2285 25, 947
22 4@, 1 -1.640 22,311 26.815
23 42.6 -1.643 32, 336 26, B35
24 45.8 -1.644 32,360 25,878
25 47.5 -1.635 32, 494 26,163
26 5@, 1 -1.637 32,575 26, 22!
27 52.6 ~1.642 32,641 26, 282
28 55,6 -1,537 32, 550 26,314
29 57.5 -1.634 L 724 26, 349
20 68,1 -1.632 . T44 26. 365
21 £2.5 ~1.645 NLF 2E. 406
32 £5.0 ~1.648 . 836 25, 440
23 £7.5 -1.653 267 26, 465
5 70.0 -1,662 891 26, 485

316 26,5848
927 26,514
393 25,3568
26,9599
B4a 2e6.684
L 26,6085
ag43 2o, 688
B4z 2¢6.606
SE3S 26,611

35 72.3 -1.652
26 75.1 -1.633
= -1.6089
-1.685
-1.662

: ' -1.3593
41 196.1 -1.3596
2 185.8 -1.594
43 118.1 -1.3598
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RECOMMENDATIONS

Although the 1978 Arctic survey was very successful and
accomplished its main objectives, the following recommendations could

help improve future Arctic surveys.

1) Logistics
Due to the variety of equipment (CTD, mooring, ice station)

and the high demand for heated space, it is necessary to organize the
instruments needed for distinct sections of the survey so that only
those instruments that are needed are in the heated working space.

Other instruments should be stored and theilr boxes should be distinctly
marked as to whether they require heated or cold storage. Proper space
and attention can then be given to each instrument before its use in the
field. One individual should be responsible for the packing, shipping,
and logistics in the field. This person should be made aware of these
responsibilities during the time of refurbishment of the equipment.

2) Deployment and Retrieval of Current Meters

The makeshift tripod with power-boat trailer winch, used
during the retrieval of the current meters and tide gauges, worked well
and a similar set-up will be used in the future for both deployment and
retrieval of instruments. Although this will make the deployment even
simpler, it is still suggested that the poles are marked on both sides to
minimize the possibility of a 180° orientation error of the current meter
placement.

3) CTD System

Two carrying cases for the CTD deck units should be obtained
for shipment as well as for in-the-field transportation between base camp and
the ice station location.

4) 13-Hour Station

To solve the lack-of-heat problem encountered during the 1978
survey, larger space heaters (2) should either be purchased or requested
from PCSP. Minor modifications and repairs to the ice tent are required.
These include weighted flaps on the awning, second doors on the tents

made out of sleeping bag material for day use (no zippers), and a rack or

18



hanger for the guns and CTID probe.
5) Augers

The auger manufacturers should be contacted to see if a
stronger Jiffy-type auger is on the market. No second-year, used
augers should be sent up to any survey except for use as spare parts.
6) Sounder

Obtain a commercially-produced sounder and investigate the
possibility of incorporating a 'spike" sounder developed by Hydrography
for use with the CTD helicopter system.
7) Development

There is a need to develop a profiling current meter to be
used at "13~ to 25-hour" ice stations. It should use the existing CTD

winch and as much of the CTD recording system as possible.

19



EQUIPMENT EVALUATION

1) Bell 206B Jet Ranger Helicopter

Due to its limited payload, this helicopter restricts the
Arctic surveys to the use of a single operator. If a stronger machine
could be made available through PCSP, then a second operator could be
used. This would speed up the station work as well as extend the
length of the working day. Better advantage could thus be made of the
longer daylight hours during the latter part of the Arctic spring.
2) CTD System

The CTD system operated well throughout the survey. When
extra heat 1is made available, most of the 13-hour station problems,
which were encountered this year, will not occur. The winches should be
overhauled using new lock washers and lock nuts, and their sliprings
and drums should be tested. The plugs of the CTD probe and winches
should be changed to a two-prong Oceanic connector with the stainless
steel housing presently used. The ice buildup inside this year's
connectors could not be flushed out.
3) Augers

The augers worked well while they lasted. They appear to be
on the light side, and a new type or a beefed-up Jiffy auger is required
for future Arctic programs. For instrumentation deployment and retrieval,
a two-man auger could be used.
4) Sounder

The small sounder, designed in-house, did not operate in its
third consecutive year of trial, and its development should therefore be
scrapped.

5) Data Handling

The programs written on such short notice did exactly what was
required of them. They will now be slightly modified to incorporate some

of the additional requirements which became apparent during field use.
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PRELIMINARY CTD RESULTS

The edited CTD data were used in the field to obtain an idea
of the horizontal variation in the temperature and salinity fields. A
small linear interpolation program was used to obtain the average para-
metric (temperature or salinity) values between two depths. The values
were then contoured and are shown in Figures 5, 6, and 7. The surface
layer salinity (0 to 10 metres) distribution of Figure 5 shows that
salinity values are found to be lower in the southern part than those
in the northern part of the survey area.

High salinity surface water (>33°/00) enters the area between
Bathurst and Cornwallis Islands. The salinity and temperature distri-
butions at the 100-metre depth level are shown in Figures 6 and 7. The
salinity distribution at 100 metres and surface are similar to the east
of the Barrow Sill; both show higher salinity values to the north. An
intrusion of relative low salinity water (<32.8°/oo) enters the area at
the 100-metre depth between Prince of Wales and Somerset Islands and
appears to turn eastward in Barrow Strait. In the western part of the
survey area, a small westward decrease in salinity values appears rather
than a north-south gradient as found in the surface layer. Only stations
at the boundary of the western half of the survey area are available for
contouring. The temperature distribution at the 100-metre depth level
shows an intrusion of cold water from the north (<-1.75°C) between
Bathurst and Cornwallis Islands and an intrusion of relatively warm water
from the south (>-1.40°C) between Prince of Wales and Somerset Islands.
The western part of the survey area does not show too much structure;

somewhat colder water is found in the center of the area.
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APPENDIX

The Appendix contains:

1) Listing of CTD stationms;
2) Photographs; and
3) Deployment and Retrieval Log Sheets.

The CTD listings contain a Depth (m) column listing the bottom,
ice, and obtained profile depths. A few stations show default
values (999.9m in Bottom Depth and 3.5m in Ice Thickness) as the
ice was too thick to drill through.
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Figure A-1: Unloading of current meter equipment.

Figure A-2: Drilling of ice hole for current meter deployment.
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Figure A-3: Completion of current meter deployments
(at 2- and 50-metre depths).

Figure A-4: Flushing of CTD Probe before profiling.
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Figure A-5: CTD Profiling.

Figure A-6: Checking recorded data on playback.

31



Figure A-7: Maintenance of CTD equipment.

Figure A-8: Hewlett-Packard data processing system with
Guildline deck unit and TEAC cassette
recorder.
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SURFACE BUOY NO. at depth ___M.
/VA TYPE OF MARKER FLOAT
" LINE (Colour & Length)

RETRIEVAL COMPLETED AT _ 2/e45 HOURS (GMT) on 23 o /978
DAY MO, “YEAR
IN CHARGE D. Beooks
NOTICE TO MARINERS CANCELLED on NA
: DAY MO. YEAR




6€

BARRO W A-C. ;
LAUNCHING VAKE Srascy”  MOORING NO. _ B35 'CRUISE NO._________ SMIR C-£Dyr  DATE _Marcs /1978
POSITION (Instruments) BEARINGS MOORING TYPE
G . NM.5. CURRENT METER WAVE RIDER
N Z4°352:8° W38°/20° MET. BUOY
SOUNDING M. F.T.P.
Depth | Instr |Instr |Time Str. | Time | Time in REMARKS DIAGRA
Metres | Type | No. jRecording| Subm. | Position NITIAL  READINGS
2 \eem-Azesg loa/z/00z 2/232 | "2c8e
2 Foo 39 s/ 7
Jo_WWeMm-Areaz log/2ocor 27/32 ,z,’f:.i 200 ,,:, 6':: /Z Je  9¢
: f
2/208 PO/ 475 450 2/ 956 o
|| sce
Y2692
732 (-]
5:?:: :2?7 /,:Z ‘;; : 778 «8 RCM - 2 metres
Zoz0z 4B ¢85 5t 8 70 ¥
SURFACE, BUOY NO._____ _ TYPE REMARKS
EQUIPPED WITH LIGHT R. REFL. Instremants sfarded on
INSTRUMENTATION March 9,/2728
NA.
DIR. & DIST. TO SUBSUR ° M.
OBSERVATIONS REMARKS
Wind Dir. ________ _° AirTemp. ________°C '
Wind Speed kjs Surf. Temp. o6
Wave Per. sec. E.B.T.
Wave Ht. _____M
Wave Dir.
SUBSURFACE BUOY NO. at depth M REMARKS
TYPE OF MARKER FLOAT
NA.
LAUNCHING COMPLETED AT _2/23 HOURS (GMT) /A 03 /9728
DAY MO. YEAR (] ReM - S0 matres
IN CHARGE _.2. Brooxs
NOTICE TO MARINERS SENT ON NA.
DAY MO. YEAR




oY

RETRIEVAL MAKE ZA225 MOORING NO. &35 _ CRUISE NO. SR Cc-Fpe/T  DATE .
POSITION BEARINGS MOORING TYPE
e CURRENT METER WAVE RIDER

N 7¥#°528 W 98°,70 MET. BUOY

SOUNDING M. F.T.P.

Depth Instr. Instr. Time |Time Stop | REMARKS

Metres Type No. Surfaced [Recording B lfis Py womemr P ol o slr s agS

2 ReM-4 | Pe8o | /17/5 % - #2708

Jo B4 | 2622, | L/65BE 23,/00247‘ v‘//—(‘/c-f ;‘/./“/}'7‘? whern cose operness. V3 Jols oFf Fope

vsed A Horm bro Aen v\///r./e f'&‘//‘/e\///'?j.
(/ooé/c 7‘0 Kri~e rrzor,:/o//_y.
OBSERVATIONS REMARKS
. # 292
Wind Dirn . ____° Air temp. —
Wind Speed kts Surf. fe:\p. Frred @ 2240 . Trnshremrcrt forned /807
Wave Per. sec. EB.T Gret conouctinsty cell shorFeat af 00/5 2
Wave Ht. M. 07 Aeri/ B3 2. IosHrovrm enk Fired aF cozo?
Wave Dir _________° gmel Fhe, HFuormeos o f¥.
SURFACE_BUOY UNDISTURBED REMARKS
A/ DISTURBED
A
REMARKS

SURFACE BUOY NO. at depth __M.

/VA TYPE OF MARKER FLOAT

" LINE (Colour & Length)

RETRIEVAL COMPLETED AT /FIS 2 HOURS (GMT) on L2 o4 /9728
DAY MO. “YEAR
IN CHARGE D. Brogws
NOTICE TO MARINERS CANCELLED on : NA.
: DAY MO. YEAR




Y

W ~C - .
LAUNCHING \\\]qs?f}ff&_ MOORING NO. _R38 ___ CRUISE NO. SNWR C-FRHT_ DATE _“AARCHL34378
POSITION (instruments) BEARINGS MOORING TYPE
GANS- CURRENT METER WAVE RIDER
N 74°38.3" W3Z2582 MET. BUOY
SOUNDING M. F.T.P.
Depth | Instr |instr |Time Str. | Time | Time in REMARKS RI DIAGRA
Metres| Type | No. |Recording] Subm. | Position INITIAL READ/NGS
2 1Ren| Bao leaforan 2 /5552 | #8c0
22202 8S6 /023 #2/ o0 Y 23
Y2 68T a/eiaoZ £e33% | 22307 &8¢ 1023 i34 10 87 10 :j
22402 856 ro23 3 ar 87 s04 " p
P4
R8T y
822 & 9 8% /
gg% gg 33‘-/ X d 8 35 «8 RCM~-2 mdrr%
22202 357 @s6 «0 28 95¢ o
SURFACE BUOY  NO. TYPE . REMARKS
EQUIPPED WITH LIGHT R. REFL. Jrnstroments Stertea o
INSTRUMENTATION March 8, /378
NA.
DIR. & DIST. TO SUBSUR ° M.
OBSERVATIONS REMARKS
Wind Dir ________° AirTemp. ________°C ¢
Wind Speed _______ kis. Surf Temp. ______ °C
Wave Per. ______ _ _sec. E.B.T.
Wave Ht. __ M
Wave Dir. ___ ___°
SUBSURFACE BUOY NO. at depth M BEMARKS
TYPE OF MARKER FLOAT
NA
LAUNCHING COMPLETED AT _/&33Z HOURS (GMT) /3 o3 /928
DAY MO. _YEAR RCM -S0mafres
IN CHARGE _.2 Brooxs ;
NOTICE TO MARINERS SENT ON NA-
. DAY MO. YEAR




(4

RETRIEVAL  |WAKK Syeaer _ MOORING NO. E3& __ CRUISE NO ________ SHWC _C-EDHT _ DATE drew 22097

| POSITION BEARINGS MOORING TYPE
e CURRENT METER WAVE RIDER
N Zfoéﬂ'z’w 97° S5 2 MET. BUOY
SOUNDING ___ M. F.T.P.
Depth Instr. Instr. Time |Time Stop | REMARKS )
Metres Type No. Surfaced JRecording Croble o mrmrFor 175FrorrsenFs

2 Rem-4 | 8oo | zosze|23/oozzl  #goo

S0 |ecmre | 2oar | 10232|23/ cooz Fired af 2237%. Jirmed /§0° ara conduchuly
' cef Shorteo of cor5E. Fireo of co/FE Hpril 23

OBSERVATIONS | REMARKS
Wind Dirn _______©° Air temp. #2887 ..
Wind Speed _____ _  kts Surf. temp. e @F 22392. Torncd (80° ore’ cor/a’dafv//y
x:: ::r —8C. EBL cell shordeo aF ooE5Z. [;fca’ ofoo O Z, f1P#y/23

M -
Wave Dir __.____°
SURFACE BUOY UNDISTURBED  ————— | REMARKS

N ) DISTURBED
REMARKS

SURFACE BUOY NO._______ at depth ____M.

m TYPE OF MARKER FLOAT
" LINE (Colour & Length)

RETRIEVAL COMPLETED AT _ 2o/2 HOURS (GMT) on 22 oL /9
BAY MO, YEAR

IN CHARGE D. Becors

NOTICE TO MARINERS CANCELLED - - N4

- : DAY MO. YEAR




£y

4 L VY (R 7‘C~ . &
LAUNCHING WAKE 257255 MOORING NO. _882 ' CRUISE NO. SNR C-£047  DATE _Marcs 50978
POSITION (instruments) BEARINGS MOORING TYPE
G NS CURRENT METER WAVE RIDER
£
N 2737 Wp3tos+, MET. BUOY
SOUNDING _____ M. F.T.P.
Depth | Instr {Instr |Time Str Time Time in REMARKS M | DIAGRA
Metres | Type | No. |Recording| Subm. | Position NI T A READAGES,
2 R4 2659__14&/ 1BoOZ 289
So_leertAze o3 /4/2&& 828z | R502 e 205 ¢ o0 68 o z]
22002 6o 282 &+ 7O I3/ 9
22702 66 352 4S5/ 2/ 483 98 “ ee
#2693 )
2502 99/ 202 4 ¢+ S92 O Ren-2 kel
2002 99/ 34 65 /2 Poe 33
22702 FIZ 43 Z
SURFACE, BUOY  NO. TYPE REMARKS
EQUIPPED WITH LIGHT R. REFL. Lnstroments storfed on
INSTRUMENTATION March r4f,:378
A4,
DIR. & DIST. TO SUBSUR ° M.
OBSERVATIONS REMARKS
Wind Dir ______ __° AirTemp. _________°C (
Wind Speed ____ns Surf. Temp. °c
Wave Per. ____ ___sec. E.B.T.
Wave Ht. __ M
Wave Dir. ___  _°
SUBSURFACE BUOY NO. ot depth M REMARKS
TYPE OF MARKER FLOAT
N.A.
LAUNCHING COMPLETED AT _/224  HOURS (GMT) Feoll o3 z&g&
DAY MO. YEAR URCH - 50 melres
IN CHARGE _ 2. Bronsxs
NOTICE TO MARINERS SENT ON KA
DAY MO. YEAR




vy

RETRIEVAL  |NAKE 22055 MOORING NO. _GB2 _ CRUISE NO. ___ SRR -C-FDHT  DATE Lrew 26,98

POSITION BEARINGS MOORING TYPE
GAS. CURRENT METER WAVE RIDER
N _z5°27.3° W 03" as¢d” ' MET. BUOY
SOUNDING M. F.T.P.
Depth Instr. Instr. Time [Time Stop | REMARKS ' '
Metres Type No. Surfaced JRecording Finde READINES
- #*
2 N\rRem-+2ees | 2ozs2lz7 /0/20? 5@3/92 S
so | B V2693 | 10382|22/0052 e ,
7 Orooz 66l O o 75 2 o
OIIOZ  eL? HYY¥ /@23 22 77 O
cr202 72 392 = 736 = o
OBSERVATIONS BEWARKS
Wind Dir ______° Air temp. — ¥lo93 .
Wind Speed kis Surf. temp. 4/’/’64;‘64 Fo Sbove mof worked o9 SErvVeEy
Wave Per. sec. E.B.T. T wtef Yape wsed . F
Wave Ht __ M. Force 8o when OP(/?C'Q/GJI 00272)4””/2
Wave Dir ____ °

O=¥r2 Pgz 437 © 696 S99/ ©
cos7 2 772 85 /023 pop 293 8

SURFACE_BUOY UNDISTURBED —— | REMARKS
DISTURBED
NA-
REMA

SURFACE BUOY NO..________ af depth ___M. RKS

A TYPE OF MARKER FLOAT

""" LINE (Colour & Length)
RETRIEVAL COMPLETED AT 2034 HOURS (GMT) on fe o 1278

DAY MO. *YEAR

IN CHARGE D. Brooks
NOTICE TO MARINERS CANCELLED on NA.

N o DAY MO. YEAR




Sy

Y- Mé&rvic e

A

- —

LAUNCHING W\AKK Soond___ MOORING NO. _R95  CRUISE NO. SWIF _C-FDYT  DATE _MircHq /S 1978
POSITION (Instruments) BEARINGS L MOORING TYPE
= Dewre CUKRENT METER WAVE RIDER
N 25°%07-4  Wp02°59.¢" MET. BUOY
SOUNDING M. F.T.P.
Depth | Instr [instr {Time Str. | Time | Time in REMARKS MOORING _DIAGRAM_
Metres| Type | No. |Recording| Subm. | Position INIT IAL READANGCS
2. ,?U{-ﬁ{ /236 ‘//224]{) /902 & #/23¢,

22402 323 «8/ 382 022 2

22562 323 S30 dee o 03/ 38

3002 3,9 Sev 39 2/ /T /ZH—

| o
yJRCM ~2metres
SURFACE, BUQY NO._____ TYPE REMARKS
EQUIPPED WITH LIGHT ______ R. REFL. Lastromente slortea o
INSTRUMENTATION HManch 14,978
7]
DIR. & DIST. TO SUBSUR ° M.
OBSERVATIONS REMARKS
Wind Dir. ___ % AirTemp. ______ °C
Wind Speed __________ kis. Surf Temp. °C
Wave Perr _ _  sec. E.B.T —
Wave Ht. I |
Wave Dir. _____ °
SUBSURFACE BUOY NO, at depth M. REMARKS
TYPE OF MARKER FLOAT
NA
LAUNCHING COMPLETED AT __ /9202 HOURS (GMT) 79 a3 /976
DAY MO. YEAR
IN CHARGE __ - BRooeS
NOTICE TO MARINERS SENT ON NA.
DAY MO. YEAR




9%

RETRIEVAL  [NAKE 25t MOORING NO. 295 _ CRUISE NO. _____ SRR _C-EDHT_ OATE Amew 2719
POSITION BEARINGS MOORING TYPE
Lecca CURRENT METER WAVE RIDER
N 75°07-4' W 02°59¢° MET. BUOY
SOUNDING M. F.T.P.
Depth Instr. Instr. Time |Time Stop | REMARKS -
Metres Type No. Surfaced JRecording FonAe KEADMES
2 Rert-#4 ) 123¢ | cetrez| 223,22 /756,
Xrze 57 32 o 995 899 o0
2222 51/ 703 /0623 03 207 so
223/2 57/ 83/ 32 sorf S/ 2
OBSERVATIONS REMARKS
Wind Dir ___________° Air temp.
Wind Speed kis Surf. temp.
Wave Per. gec. E.B.T.
Wave Ht. ____ M
Wove Dir _______°
SURFACE BUOY UNDISTURBED REMARKS
I DISTURBED
REMARKS
SURFACE BUOY NO. at depth ____M.
N TYPE OF MARKER FLOAT
" LINE (Colour 8 Length)
RETRIEVAL COMPLETED AT /&6 HOURS (GMT) on 2FZ OF /978
DAY MO “YEAR
IN CHARGE D BReokrs
NOTICE TO MARINERS CANCELLED on NA.
- DAY MO. YEAR




LY

4a .
MAKE VECV/SE  UOORING NO. _ 892 CRUISE NO.

.C. =
LAUNCHING sﬂm L~FDyr DATE _mmzazs
POSITION (Instruments) BEARINGS MOORING TYPE
Dece g CURRENT METER WAVE RIDER
N Z5°4/.7° W 0/ DOQZ/ MET. BUOY
SOUNDING ____ = M F.T.P.
Depth | Instr | Instr |Time Str. Time Time in REMARKS MOORING DIAGRA
Metres| Type | No. |Recording| Subm. | Position INIT /AL, READ/NGCE
2 \Rowill pove i /ezdor 4oz | #2046
2240% S7¢ 757 35 o 43 3
22502 S76 797 423 10 S/ /9 é
23COZ S76 833 o5 2/ X718 /(3
/ce
RCH - 2metires
ACE. BUQY NO._____ TYPE REMARKS
EQUIPPED WITH LIGHT R. REFL. Lostroments startear or
INSTRUMENTATION Nlorch r1of, P78
DIR. & DIST. TO SUBSUR ° M.
OBSERVATIONS REMARKS
Wind Dir _________ ° Air Temp. . °C
Wind Speed kjs Surf. Temp °c
Wave Per. sec. E.B.T.
Wave Ht. _____M
Wave Dir.
SUBSURFACE BUOY NO. at depth M REMBRKS
TYPE OF MARKER FLOAT
NA.
LAUNCHING COMPLETED AT _ /940 _ HOURS (GMT) /S5 23 /378
DAY MO. YEAR
IN CHARGE 2. B@m,g:
NOTICE TO MARINERS SENT ON NA.
DAY MO. YEAR




8%

RETRIEVAL  |NAKK ~ckicias MOORING NO. &892 _ CRUISE NO. ‘sﬁf _C-FUT _ DATE Aeew.2,Ni8

| POSITION BEARINGS MOORING TYPE
Decc g CURRENT METER WAVE RIDER

N_Z5°%s" W 0%%-2° MET. BUOY

SOUNDING ________ M. F.T.P.

Depth Instr. Instr. Time |[Time Stop | REMARKS

Metres Type No. Surfaced jRecording Eonvme. Repdnes

2 cor-f | 2 22232 |27 ol  Flove
Aors/ 27

Oo30r S7¢ 695 3 e/ R/ o
GodoR SPAe P58 3 e’& 265 29
CosSeT S5Pe 779 ,023 /8 344 o

OBSERVATIONS HERARRS

Wind Dir ____ ___° Air temp.
Wind Speed______m_s Surf. temp.
Wave Per. _____ sac. E.B.T.

Wave Ht. _____ M.
Wave Dir _________°

SURFACE_BUQY UNDISTURBED ——— | REMARKS
~ DISTURBED
N.A.

REMARKS
SURFACE BUOY NO._____ at depth ____M.

NA

TYPE OF MARKER FLOAT
° LINE (Colour & Length)

RETRIEVAL COMPLETED AT £223 HOURS (GMT) on 26 Q. /978
DAY MO. “YEAR

IN CHARGE \D B ROOKS

NOTICE TO MARINERS CANCELLED on /V/q
' DAY MO. YEAR




6%

\RKE 25> MOORING NO. _&8c/  CRUISE NO.

A C. i
LAUNCHING o SWIR C-Fnyr DATE Mircy /372978
POSITION (instruments) BEARINGS MOORING TYPE
CURRENT METER WAVE RIDER
N 24°59-3" was ase’ MET. BUOY
SOUNDING _____ M. F.T.P.
Depth | instr | Instr [Time Str. Time Time in REMARKS M i IAGRA
Metres | Type | No. |Recording| Subm. | Position 7iole Cauge
26 lve | oo 2O | L. r cos¥Z [FZ
Seconet or0d2
" /ce
’/’/‘dc
Hereragesd 228 S@conds
Preveoos 7o above FEmes
float
RFACE._BUQY NO. TYPE REMARKS
EQUIPPED WITH LIGHT ______ R.REFL.
INSTRUMENTATION tide gevge
NA.
DIR. & DIST. TO SUBSUR 4 M. anchor
A REMARKS %//////r/r// Crerrs 72?7
Wind Dir _______ ° AirTemp. ____ °C
Wind Speed kts. Surf. Temp. °C
Wove Per,. _____ _ sec E.B.T. —
Wave Ht. — M
Wave Dirr, _________°
SUBSURFACE BUOY NO. ot depth M HEMARIES
/1/ TYPE OF MARKER FLOAT
LAUNCHING COMPLETED AT _2,3¢  HOURS (GMT) 73 o3 /2978
DAY MO. YEAR
IN CHARGE Q-_M.S_._
NOTICE TO MARINERS SENT ON MNA.
DAY MO. YEAR




0S

RETRIEVAL

[\AKE Z2852°2 MOORING NO. _ 2o/ _ CRUISE NO.

SRC_C-FDHT  DATE Mﬁﬂ

| POSITION

N 7/°59-3'W 98°25 5’
SOUNDING ___ M.

BEARINGS

MOORING TYPE

CURRENT METER

WAVE RIDER

MET. BUOY

F.T.P.

Depth
Metres

Instr. Instr.
Type No.

Time

Surfaced

Time Stop
Recording

7. G- /72

/6257

25/o04 /08

REMARKS ___
Ve Co ype=

| OBSERVATIONS

Wind Dir _________°
Wind Speed kis
Wave Per. sec.

Wave Ht. M.
Wave Dir ________°

E.B.T.

Air temp.
Surf. temp.

REMARKS

SURFACE BUOY

NA.

UNDISTURBED
DISTURBED

REMARKS

SURFACE BUOY NO.

4/ TYPE OF MARKER FLOAT
LINE (Colour & Length)

at depth ___M.

REMARKS

N cHAareE

NOTICE TO MARINERS CANCELLED

o

RETRIEVAL COMPLETED AT _ /425 _ HOURS (GMT) on

D). Besocs

on

-4 .
DAY MO’

4.

*YEAR

DAY MO.

YEAR




1s

N 24212 Wa3% o'

7 i <.
LAUNCHING WAKE Zfoan . MOORING NO. _&02. _ CRUISE NO. & _Crwr vate Muecs /34978
POSITION (Instruments) BEARINGS MOORING TYPE

CURRENT METER

WAVE RIDER

MET. BUOY
SOUNDING M. F.T.P.
Depth | Instr | Instr Time Str. Time Time in REMARKS MOORING DIAGRAM

Metres | Type | No. |Recording| Subm. | Position

TG | /7 | posH2 22402

770".3 oy

Arst oosY3?
Secong EHrodz

774/(
vayed 22€ Seconds
porcvreds fo obove

s7e €

SURFACE. BUQY NO. TYPE REMARKS
EQUIPPED WITH LIGHT ________ R. REFL.
INSTRUMENTATION /V
DIR. & DIST. TO SUBSUR ° M.
OBSERVATIONS REMARKS
Wind Dir _____  ° Air Temp. b
Wind Speed lsls Surf. Temp. °C
Wave Per. sec. E.B.T.
Wave Ht. - M
Wave Dirr _____~ °
SUBSURFACE BUOY NO. ______ at depth M REMARKS
TYPE OF MARKER FLOAT
NA.
LAUNCHING COMPLETED AT __ 2240 HOURS (GMT) /3 03 (9728
DAY MO. YEAR
IN CHARGE _ 2. Sreves
NOTICE TO MARINERS SENT ON A

DAY MO. YEAR




[49

RETRIEVAL

|NAKR ZZE25.237 MOORING NO. 802 CRUISE NO. .

P CEoe7_ OATE Aewe.2 238

POSITION

SOUNDING M.

N_Z4° 1.9’ W 92900’

BEARINGS

MOORING TYPE
WAVE RIDER

CURRENT METER
MET. BUOY

F.T.P.

Instr.
Type

Depth
Metres

Instr.
No.

Time
Surfaced

Time Stop

> REMARKS
Recording

7. /94

Trde Couge.

AMof recovered, frozen spn olece ofie
fo /bp///.\j of rec .

OBSERVATIONS

wind Dir _______ 2
Wind Speed kts
Wave Per. sec.

Wave Ht. _____ M.
Wave Dir ______°

Air temp.
Surf. temp.
E.B.T.

REMARKS

SURFACE BUOY

N-A.

UNDISTURBED
DISTURBED

REMARKS

SURFACE BUOY NO.

at depth

TYPE OF MARKER FLOAT
‘A. LINE (Colour & Length)

REMARKS

RETRIEVAL COMPLETED AT

IN CHARGE

HOURS (GMT)

,2). Brooks

NOTICE TO MARINERS CANCELLED

on

on

DAY MO. *YEAR
' pay MO. YEAR




