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ABSTRACT

This report contains tabulated physical and chemical data
collected from 15 January to 26 May 1966 from Fletcher's Ice Island
(T-3), located in the Beaufort Gyre of the Arctic Ocean. These data
were collected as part of a year-round study of the water characteristics

of the Arctic Ocean.
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INTRODUCTION

This report contains oceanographic data collected from Fletcher's
Ice Island (T-3) during Cruise WO3 which began on 20 January 1966 and
ended on 22 May 1966.

The objectives of this year-round study are to provide data on
certain problems of Arctic oceanography, in particular with respect to
currents and secular change, and oceanography associated with the
freezing process. Cruise W03 continued the work of Cruise W02 (Tripp,
1966) with special emphasis placed on the freezing process and the
routine monitoring of the water column.

Operation and Types of Observations

Fletcher's Ice Island (T-3) is a large island of thick ice in
the Arctic Ocean that has presumably formed from the breakup of the
Ellesmere ice shelf (Koenig et al., 1952). The island measures
approximately eight by four miles (Fig. 1) and is 36 to 46 m thick.

The oceanographic working area was located on the sea ice bordering the
island (Fig. 1). This sea ice was approximately 3 m thick. Sampling
was done through a 1.3-m? hole in the ice that was sheltered by an
insulated plywood prefab hut of approximately 4.5 x 3 x 2.4 m. The hut
housed the hydrographic winch, diesel space heater, and oceanographic
sampling and measuring equipment. Electric heating cables, infrared
heating lamps, and a small air compressor were used to keep the hydro
hole free of ice. However, ice still formed constantly at the surface
of the hydro hole where it was removed with an ice chisel and at the
bottom where explosives were often necessary to remove it.

At present the island is located in the Beaufort Gyre of the
Canadian Basin. Fig. 2 shows the island's movement during Cruise WO3.
Fig. 3 shows the location of oceanographic stations accomplished
during the cruise. The island's latitude and longitude were obtained
by celestial navigation. Fixes were obtained daily (Table 1),
weather permitting.

Temperature and salinity were determined at all oceanographic
stations; dissolved oxygen was determined at selected stationms.
Analysis was made at the base camp, located approximately one-half
mile from the hydro hole (Fig. 1). No current measurements were taken
during Cruise WO3.

Collection of Data

Nansen bottles were used to obtain the water samples for salinity
and dissolved oxygen analysis. For routine monitoring of the water
column, samples were obtained at standard oceanographic depths (U.S. Navy
Hydrographic Office, 1955a). For detailed study of the freezing pro-
cesses, 5-m sampling intervals were used between 5 and 90 m. Because
of the heating lamps and cables and the accumulation of freshwater in
the hydro hole, surface readings would have been nonrepresentative; hence,



they were not made. For convenience in programming the computer, it
was assumed that the surface temperature, salinity, and dissolved
oxygen values were the same as the next sampling depth.

Determination of Properties and Accuracy of Measurements

Two protected reversing thermometers were used on each Nansen
bottle. In addition, for deep casts (usually 200 m and deeper) all
the bottles carried an unprotected thermometer. The temperatures
shown are, in most cases, the average of two protected thermometer
readings.

The depths of subsurface observations were calculated from
measured wire angles and from smoothed curves of wire length minus
thermometric depth (L - Z) versus wire length (L)—the difference
method described by LaFond (1951).

The salinity determinations were made on an inductive sali-
nometer (Model RS-7A, Industrial Instruments Co., Cedar Grove, New
Jersey). These values are considered to have an accuracy of :0.003°/,,.

The dissolved oxygen analyses were done by a modified Winkler
method (Strickland and Parsons, 1965).

The following quantities were computed with the IBM 7094-7040
Direct Couple System at the Research Computer Laboratory of the
University of Washington: sigma-% (°t)’ appgrent oxygen utilization
(AOU), and oxygen saturation for observed values; the interpolated
values of temperature, salinity, and oxygen at standard oceanographic
depths; the interpolation error for each of the above quantities;
sigma-t for interpolated values; specific volume anomaly (ZAD), and
variance ratio.

Oxygen solubility was calculated according to the equations of
Truesdale and Gameson (1957). The interpolation program is based on
two three-point Lagrange parabolic interpolation polynomials
(Buckingham, 1957). The equations for sigma-t are taken from LaFond
(1951), and the equations for specific voluma anomaly and geopotential
anomaly are those used by the U.S. Navy Hydrographic Office in its
comptiter program (U.S. Navy Hydrographic Office, 19550), except that
the pressure in decibars is used instead of the depth. The equations
for pressure and potential enaergy anomaly are taken from Froese (1960).

The variance ratio is the ratio of the variance of the in-
terpolated polynomial to the variance of the measurement. The
magnitude of ,this ratio gives an indication of whether the vertical
spacing of observed values is adequate to accurately portray the
distribution of properties in that region of the curve. As shown by
Rattray (1962), the value should remain close to unity. The two
quantities, variance ratio and error of interpolation, can be taken
as joint indications of the accuracy of the interpolated values. A
large variance ratio indicatps inadequate vertical spacing of observed



values; but if the vertical gradient of properties is small in this
region of the curve, the error of interpolation will still be small.
On the other hand, a small variance ratio may be accompanied by large
errors of interpolation in regions of large vertical gradients such as
the thermocline or halocline. Large values of the variance ratio that
may occur at the final interpolated depth reflect a necessary change
in the interpolation scheme at that depth when there is only one
observed value below the desired standard depth.
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EXPLANATION OF DATA TABLES

Abbreviations and Headings Used in OGéanographic Station Data Tables

The information in the data tables was transcribed directly from
IBM cards using an IBM Type 1401 Data Processing System. A blank space
in the tables or headings indicates that no observation was taken. The
original data and the interpolated and computed values punched on the
cards are recorded or coded in accordance with the procedures used by
the U.S. Navy Hydrographic Office (1960). The codes used will be found
in the National Oceanographic Data Center Manual Series Publication M-2
(Rev. Aug 1964). Abbreviations and column headings are described below.

DATE Greenwich month/day/year

HR (Hour) Greenwich mean time to the nearest hour and
tenths of hour of the messenger drop on the
first cast

LAT Latitude in degrees, minutes, and on some

stations, tenths of minutes

LONG Longitude in degrees, minutes, and on some
stations, tenths of minutes

SDG Depth of water in meters as determined by a PDR
(Precision Depth Recorder)

WEA State of weather (See code, page 8.)

WVEL__DIR _ Wind velocity in knots and wind direction (See
code, page 7.)

VIS Range of visibility (See code, page 7 .)

BA Barometric pressure in millibars and tenths of

millibars (To obtain the barometric pressure,
add 900 if this number is above 50; add 1000
if below 50.)

CL__AMT Cloud type (See code, page 6.)
Cloud cover in eighths (oktas) (See code, page 7.)

DRY Air temperature, dry bulb, in degrees and tenths
of a degree Celsius

WET Air temperature, wet bulb, in degrees and tenths
of a degree Celsius

RELHU Relative humidity expressed in percent



WA

CST
DEPTH
TEMP
SAL

SIGMA-T (ot)

OXYGEN (Dissolved
oxygen)

ML/L
MGA/L

AOU

SATN

SP VOL ANOMALY

GEOPOT ANOMALY
POT ENERGY

OXY (Oxygen)

VAR RATIO

Wire angle in degrees (The first number is the
wire angle for Cast 1; the second for Cast 2,
etc. Dashes (--) indicate the wire angle was
not recorded for that cast.)

Cast number

Depth in meters from which sample was obtained
Temperature in degrees Celsius to hundredths
Salinity in parts per thousand to thousandths
An expression for the density of seawater at

atmospheric pressure, having the indicated
temperature and salinity (To convert sigma-t

values to density, divide by 1000 and add 1; thus

sigma-t 22.42 = density 1.02242.)

In milliliters per liter to hundredths
In milligram-atoms per liter to thousandths

Apparent oxygen utilization in milligram-atoms
per liter to thousandths

Percent of oxygen saturation

The anomaly of specific volume (1096) at the
indicated temperature, salinity, and pressure
compared to a standard water of 0°C 35%°/.,
salinity at the same pressure (Tabular values
multiplied by 10~3 will give the anomaly in
units of cubic centimeters per gram.)

Geopotential anomaly (IAD) in dynamic meters of
the layer of water betwezn the surface and the
indicated depth

Potential energy anomaly in units of 108 ergs/cm2

of the layer of water between the surface and
the indicated depth

Interpolated values at standard depths in
milliliters per liter to hundredths

Ratio of the variance of the interpolation
polynomial to the variance of the measurement

(The value of the variance ratio is an indication

of the vertical spacing of the observed values



upon which the interpolation is based. Values
close to 1 indicate optimum spacing. Values
greater than 3 indicate that the vertical
spacing is inadequate to represent faithfully
the distribution of properties in this region
of the curve. In the case of missing values,
where different combinations of observed values
may be used to interpolate at the same depth,
the variance ratio that indicates the worst
spacing has been printed. Values greater than
100 have been printed as 99.99. If the observed
depth corresponds to a desired standard depth,
no interpolation is made and the variance ratio
is not computed.)

E(T) Interpolation error, in degrees Celsius, of
the temperature value at this depth (If the
observed depth corresponds to a desired standard
depth, the interpolation error will be zero.)

E(S) Interpolation error, in parts per thousand, of
the salinity value at this depth (See comments
under E(T) above.)

E(0) Interpolation error, in milliliters per liter,
of the oxygen value at this depth (See comments
under E(T) above.)
€0des Used for Reporting Observations
Taken from National Oceanographic Data Center ''Processing Physical
and Chemical Data from Oceanographic Stations," Part 1, Coding and Key-
punching (1964).

Cloud Type. WMO Code 0500

Code
0 Cirrus
1 Cirrocumulus
2 Cirrostratus
3 Altocumulus
4 Altostratus
5 Nimbostratus
6 Stratocumulus
7 Stratus
8 ~ Cumulus
9 Cumulonimbus
X Cloud not visible owing to darkness, fog, duststorm,

sandstorm, or other analogous phenomena

10}



Amount of Cloud Cover. WMO Code 2700

Code

wvwoNoOT UM~ WNEO

Vieibility.

Code

WoOoOSNOUIHWN O

Direction.

Code

00
01 to 36

0

1 okta or less, but not O

2 oktas

3 oktas

4 oktas

5 oktas

6 oktas

7 oktas or more, but not 8
8 oktas

S

0

1/10 or less, but not 0
2/10 - 3/10

4/10

5/10

6/10

7/10 - 8/10

9/10 or more, but not 10/10

10/10

ky obscured, or cloud amount cannot be estimated

WMO Code 4300

Less than 50 m
50-200 m
200-500 m
500-1000 m

1-2 km

2-4 km

4-10 km

10-20 km

20-50 km

50 km or more

Calm, or no value

(less than 55 yards)
(approx 55-220 yards)
(approx 220-550 yards)
(approx 550 yards-5/8 nm)
(approx 5/8 nm-1 nm)
(approx 1-2 nm)

(aprox 2-6 nm)

(approx 6-12 nm)

(approx 12-30 nm)

(30 nm or more)

Compass direction from which wind is coming

Each value represents 1/10 of the true direction in degrees,
measured clockwise from the north, with 36 representing

true north



NUMERICAL WEATHER CODES—PRESENT WEATHER

00
Clovd

o1

NOT observed or NOY

Clouds g dis-
solving or becoming

02

State of sky on the
whole unchanged dur-

03

Clouds generally
forming or developing

04

Visiddity reduced Lyl
smoke

05

Haze

06

Widespread dust
Buspensian i1 the v |

Oust or sand rased:
by wind. at time of

o7

o8

Weil developed dust]
devil(s) within past

09

Ouststonn or sang
$torm within s1gM of or

odservabie dunng past|iess developed duringling patt hour. duting past houe NOT caised by wing, atjobservation hour at statan dueing past
hour past hour lume of observation ’
Lght fog More os less contin Lightaing visible. ho Precipitalion within| Pr, --tnmL P withinl  Thunder hearc. Dut] SQuati(s) ettun sigh?|  Fynnel cloud(s)
fog at station. NOTl ous shallow fog at s1a: linunder heara [3ight. bu! NOT resching [sight, reaching thefaight, reaching thelno precipitation at thelduring past hout W ight durning past
ceeper than & teet onltion. NOT deeperthan 6 the ground round, tut distantiground, near to bul{staton nout
lang. fes! on land. rom station INOT at station

20

Onizzie (KOT freazing
sndNOTfalling as show-

21

Rain (NOT freerning|
andNQOTistling as show-

~fers) duning past hour,

but NOT at tima of ob

22

Snow (NOT fafhing as.
showers) dunng past
hour, but NOT at time]
of obsarvation

23

Rain and snow (NOT
tathng as showers) dur
ling past hour. but NOT
at time of observation

24

Freezing drizzie or
freezing ran (NOT tall
g 83 sShowers) dunng
past hour, but NOT at
time of cbservation.

25

Showers of rain dur
ing Past hour. but NOT
at ime of odservaton |

26

Showers of snow, or}
Jof rain gnd snow. during]
past hour. but NOT 3t
ime of observation.

Showers of hail. or of
jhad and
past hous, but NOT at
time of observation

27

28

Fog during past hour
rain dunngldul NOT at ime of
jobservation

29

Thunderstorm (with
0r without precipita
1on) during pas) howr
Dut NOT at hme ot
observation

31

32

33

Severe >

Shght or modesate| Sight or Shght or
has dec dunng |no app changa |hes incressed during|
past hour [dunng past hour. past hour.

sandsiorm, has de
cressed durning past
hour.

34

Severe duststorm or
sandstorm. no apprecs
ablechange during past
hour

35

Savere custstorm or
sandstorm. has in
kreases aunng past
hour

36

Shght or moderate
@ritting snow, generaily]
low

generally low

37

Heavy drifting snow.
nigh

38

Shight or moderate
lartting snow, generally

39

Heavy artting snow
generally nigh

40

Fog st cistance at
time of observation, but
NOT at staton dunng
patt hous.

41

Fog in patches.

42

Fog. shy discermible.
has Decome thinner
during past hout

43

Fog. sky NOT discern-
1bie, has becoma thin
ner dunng past hour.

44

Fog. sky discernile,
no apprecabie change
duning past hour.

45

Fog. shy NOT aiscern
ible no appreciablel
jchange during paslt
(hour.

46

Fog. sky discermible.|
has begun o7

Fog. sky NOT discern.

a7

has degun or be

fthicker durning past]
ur,

come thicker duning
past haur

48

fog. depositing nme.
P.y discarnidie

49

Fog. depositing nme
Shy NOL discernible

50

Intermittent deizzlel
(NOT freezing) siight at
time of odservation

51

c drizzl

(NOT freezing) sight at
time of obsarvation.

drezzle

52
(NOT moder

n
ate at time oﬂhv

53

Continuous drizzile
(NOT freezing). moder
ate at tine of 0b.

54

Intermittent dnzzie
(NOT freezing). thick
at time of observabion.

55

Continyous driztle
KNOT treezing). thick
Jat ime of observation

56

Siight freszing drizile

freezing drizzle

57

Moderate or thick
shght

58

Orizsin and ¢ain

59

ang ra«n
e or heavy

60

(ntermitient ran
{NOT freening). sight
3t ime of observation.

61

Continuous rem {NOT
freezing). shght st ime
ot observation

62

rain

Intermittent

63

Continuous rain (NOT
treszing). moderste st
time of observaton.

64

Intermdtent rain
(NOT freering). heavy
ot time of observation

65

Continucus rain (NOT
hi

66

Stight treezing rain

Moderate ot heavy
freezing rain

67

68

Rav or arnizzie ano
snow. slight

69

Rain or druzie and
$now moderate or
heavy

70

fntermittent fali of

Conltnuous fall of
ight  at

. slight st
timas of observation

time of observaton.

72

Intezrmttent fsll of

73

Continuous fall of

snow Nakes,
at time of obssrvation.

at hme of odservation.

74

Intermittent isliof

75

Continuous fan of

76

hesvy

snowfishos, heavy at
time of 3

time of

ice needies (with or|
fog)

ofr without fog)

77

Granular snow (with

fog)

78

Isolated siathise snow
[crystats (with or winoutiy 5 detimition)

79

Ice petiets {sleer

80

Shght rain shower(s)

81

Moderate or heavy
1210 Shower(s).

82

Viglant ran shaw
o1(s).

83

Shght shower(s)} of
roin 3nd snow mixed.

84

Modsrate or heavy
showe#(s) of rain and
snow muaed

Shght snow shower(s)

Moderale or hqu
now shower(s)

s0ft or smati ha:
wilhout
snow mmned

87

Shght showser(s) of

N oF 18

88

Moderate or heavy
h or shower(s) of soit o¢
89 with or wth
n or 3N ang
snow mized

89

Stght showeris) of
hal, with of without
’ Of 130 and InOow
d  not assaciated
wih thunder

90

o7 heavy
34, with o7

Mode

wilhou! raw or rewt and
snow miaed, not asso
ciated with thunder.

o1

Shght rawn at time of
ob.. thunderstarm dur
ing past hour, but NOT
a1 time of observation.

92

Moderate of heavy]
rain at tme of ob
thundaerstorm during
past hour, but NOT at
time of obdservation.

93

Sught snow of rain
and $now mixed or hail
at tme of observation
thunderstorm dunng

94

Mod. ot heavy snow,
lor rasn and snow mised
or hat at time of ot

thunderstorm dusing

past hour. but not at

tme of observatons.  |tme of observaton.

past hour. but NOT at

95

Slight or mod thun

96

Shght or moderate

97

Heavy thunderstorm,

o8

99

Heavy hunderstorm

derstorm without hail
but with rmin gnd/of)
snow a1 time of
jobservation,

3 , Wi
jat time cf observation,

130 AN, o1
time of observation.

had. but

Thunderstorm com
d with

snow atlor

at ne

H with hail at bime of

jobservation

74
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TABLE 1

Navigational positions, Fletcher's Ice Igland (T-3), Cruise WO3,
15 January - 26 May 1966

Date Time (GMT) Latitude (N) Longitude (W) Azimuth (°T)
January
15 0739 75°17.5" 146°02' 316.6
16 0628 75°17.5' 146°08' 317.6
17 0830 75°17.2' 146°21° 320.3
18 0904 75°18,2! 146°24" 319.7
19 0714 75°18.4"' 146°29° 320.4
20 0054 75°21.3" 146°33" 320.8
21 1002 75°16.7°' 146°32° 325.1
22 0657 75°15.3"' 146°21" 325.1
23 1042 75°19.2' 146°33" 327.1
24 0306 75°23.9°' 146°57"' 325.9
25 0410 75°35.5' 147°29 328.1
26 0356 75°40.2' 147°30°" 330.2
27 0348 75%45.0' 147°52' 330.3
28 0315 75°52.3" 148°17' 330.3
29 1001 76°03,5' 148°43! 331.8
30 0535 76°05.7"' 149°03" 328.6
31 0915 76°04.6' 149°33"' 330.0
February

1 1136 76°07.3" 150°06"' 331.9
2 0829 76°09.3" 150°26° 331.9
3 0826 76°10,2°' 150°57" 332.5
4 1052 76°06.3"' 151°06"' 332.4
5 0703 76°03.8' 151°10° 331.6
7 1107 75°59,9' 151°20°' 330.0
8 0536 75°57.0°' 151°38" 330.5
9 1049 75°53.0" 151°49' 330.2
10 0833 75°52.3! 151°49°' 330.3
11 0712 75°49.4' 151°38' 331.0
12 1217 75%46.6"' 151°28"' 332.9
13 0714 75°45.3" 151°14" 332.7
14 0758 75%49.6' 151°04" 332.8
15 0629 75°46.7' 151°16" 334.9
16 1523 75°51.4"' 151°32' 336.2
17 1044 75°54.0' 151°36" 336.5
18 1647 75°57.1' 151°45" 336.5
19 1019 75°57.3" 151°52" 336.1
20 0928 75°56.6' 152°09' 337.7
21 0504 75°57.2! 152°17° 338.6
22 1252 75°58.7' 152°27" 338.5
23 0609 75°58.7' 152°55" 338.1
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TABLE 1 (continued)

Date Time (GMT) Latitude (N) Longitude (W) Azimuth (°T)
February
24 0757 75°57.0' 153°28' 337.9
25 0920 75°54.8" 153°30" 337.2
28 0818 75%49.6' 153°49° 337.5
March
1 0640 75°54.0' 153°42° 337.3
2 0703 75%48.6" 153°36" 338.7
3 0616 75°48,2" 153°32! 338.0
4 0604 75°49.7" 153°32" 340.0
6 0805 75°57.0" 153%44" 339.2
7 1048 75°50,7" 153°37" 340.2
8 0700 75°46.3" 15348 339.5
9 0659 75°43,1" 153°51° 340.8
10 0755 75°40.8" 153°52" 341.0
11 0606 75°37.3" 153%49° 342.9
12 0759 75°32,5" 153°44° 342.8
13 0724 75°31.,5"' 154°03" 342.0
15 0712 75°29.8" 154°48" 342.0
16 1310 75°29.3' 155°02" 341.1
19 1225 75°29.1" 155°05" 339.3
22 0955 75°28.9' 155°07" 339.9
24 0847 . 75°28.9' 155°24" 339.8
25 0708 75°28.7" 155°24! 340.1
26 0825 75°28.4"' 155°26° 340.0
27 0724 75°27.8' 155°25" 337.1
28 1148 75°27.2° 155°23! 339.7
29 0744 75°27.4" 155°23" 339.6
30 1111 75°26.1" 155°36" 340.9
31 0743 75°24.5" 155°57.5"' 340.0
April
1 1009 75°24.8" 156°04" 341.3
2 2343 75°23.0" 156°08" 341.1
4 2348 75°23,0" 156°07' 341.4
5 2353 75°23.0" 156°07" 341.4
8 0115 75°18.3" 156°08"' 341.5
8 2332 75°16.5° 156°11" 342.0
9 2313 75°16.0"' 156°17° 343.0
10 2313 75°16.0' 156°17" 343.4
11 0028 75°16.0" 156°26" 343.4
12 2328 75°11.4" 156°40' 343.7
13 2314 75°07.3" 156°46" 343,2
15 0022 75°05.8"' 156%47.5" 342.9
15 2145 75°04.6" 156°48"' 344.,0
16 2238 75°03,7' 156°48" 345.1

"

“
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TABLE 1 (continued)

Date Time (GMT) Latitude (N) Longitude . (W) Azimuth (°T)
April
17 2133 75°03.7' 156°47" 343.3
18 2210 75°03.3" 156°42" 344.8
19 2333 75°03.2' 156°46" 344.4
20 2047 75°03.7' 156°51" 344.9
21 2153 75°02.8' 156°52' 344.8
22 2158 75°02.5' 156°52" 345.3
23 2153 75°02.7' 156°51" 345.1
25 0058 75°02.7°' 156°43" 344.8
25 2158 75°01.7' 156°32' 345.0
26 2310 75°01.0' 156°13' 345.8
27 2324 75°02.8"' 156°13"' 345.8
29 0332 75°05.2°' 156°22'
May

1l 2254 75°12.0' 156°35"'

2 2150 75°11.8"' 156°48' 349.5
4 0218 75°15.0' 157°12" 349.0
5 0254 75°15.0' 157°24! 348.0
6 0129 75°14.4" 157°26"' 346.4
7 0246 75°14.0" 157°25" 345.9
9 2400 75°11.4' 157°35" 346.1
11 0115 75°11.7" 157°28"' 347.2
12 0035 75°14,2' 157°22' 347.5
12 2207 75°18.4" 157°03' 347.5
14 0350 75°18.0' 156°55" 347.2
15 0212 75°15.6' 156°45" 348.2
16 0100 75°15.0' 156°26"' 349.3
17 2350 75°25.5" 155°35"' 351.5
19 0200 75°30.0' 155°21! 354.6
20 2022 75°27.2' 155°35"' 355.1
25-26 2300-0243 75°26.0' 155°33' 357.0
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