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ABSTRACT

The field measurements during three arctic expeditions are summa-
I' rized. In 1978 a research station was established on the ice in the

central Chukchi Sea and measurements of temperature, salinity, and cur-I rent were taken in the water column. In 1979 a station was established
on the ice in Kane Basin, north of Thule, Greenland, and temperature
and saliuity profiles were obtained. Ice temperature was monitored at
several depths near the camp. In 1980 stations were taken from a Coast
Guard icebreaker cruising off the continental shelf in the Chukchi and

Beaufort seas and from an ice camp. CTD profiles from the ship and

from the camp are included, as well as current and pH measurements.

1APL-UW 8112 vii
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I. INTRODUCTION

In 1978, 1979, and 1980, scientists of the Applied Physics Labora-
tory, University of Washington, established research stations on ice
floes as part of an ongoing program to study acoustic propagation in the
Arctic. The three locations were widely separated--one in the Chukchi Sea,
one in the Beaufort Sea, and one in Kane Basin, 140 miles north of Thule,
Greenland. Although the main emphasis was on arctic acoustics, this re-
search required a knowledge of the oceanographic conditions existing
during the experiments. The most extensive oceanographic measurements
taken during the research were vertical profiles of temperature and
conductivity versus depth because these CTD profiles allowed computa-
tion of the sound speed profile. The CTD measurements were of suffi-
cient quantity and accuracy to be valuable as oceanographic data, and
are therefore presented here along with a brief analysis.

Section Il of this report gives a brief summary of the results
obtained and Section III describes the equipment used. Sections IV-VI
detail the measurements and the results obtained in each of the three
years. For the convenience of the reader, each year is presented sepa-
rately. The CTD profiles taken each year, and graphs of the current
measurements taken in 1978, are listed and displayed on colored sheets
at the end of the relevant section.

APL-UW 8112 1
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1I. SUMMARY

CTD profiles taken in the north central portion of the Chukchi Sea
just inside the ice pack in 1978 showed a 40 m thick surface layer of
less saline and warmer water (31.5%., 0.5 to 1.00C) that remained after
the annual summer intrusion of warm water northward through Bering
Strait. This layer was highly variable. It was being overlayed near
the surface by a movement of water from, the north that was cold and of
lower salinity because of ice melt during the summer.

Measurements in 1980, north of Pt. Barrow in deep water, also
showed a warm layer. Through use of an icebreaker and helicopters, the
extent of the layer was determined. It was clearly tied to the coastal
current past Pt. Barrow. In mid-September the layer's temperature was
as high as 3'C.

These warm layers in the marginal ice zone of the Chukchi Sea
appear to replenish the temperature-maximum layer that persists at 60-
80 m depth throughout the western portion of the western Arctic Ocean.

The Spring 1979 measurements in Kane Basin along the west coast of
Greenland showed a very uniform salinity throughout the water column.
Some warmer water, observed at lower depths in Baffin Bay in March,
maintained a small positive temperature gradient, but this gradient had
a negligible effect on density. The lack of a ot gradient means that
water can move vertically with little force. As a result, the tempera-
ture finestructure should be very isotropic in contrast to the usual
horizontal layering observed in our previous arctic studies. 1-6 Some
evidence of this was observed.

In 11 water samples taken in an area north of Pt. Barrow, the pl1
varied from 7.8 near the surface to 7.4 at a depth of 160 m. In the
deep Atlantic Layer of the Arctic Ocean, the pli was about 7.6.

2 APL-IJW 8112
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II I. EQUIPMENT

Currents

A Marsh-McBirney electromagnetic probe was used to measure the
current at various depths. After tile flux-gate compass in the probe had
stabilized, the compass and the velocity indicators were read nianually.
As a check, measurements were taken again at the same depths when the
instrument was brought up.

Ice Temperatures

Thermistors frozen into the ice at various depths were used to
measure ice temperatures. Readings were taken twice each day by attac
a surface resistance bridge to the bundle of cables from the thermistc
Calibration was obtained by placing all thermistors in a freshwate; ic
bath before and after installing them in the ice.

Temperature and Salinity Profiles

The CTD profiler 7 ' is a portable unit, weighing 50 kg with 250 m
of cable installed, that is cranked manually to raise and lower the
conductivity, temperature, and depth sensors. The electronics and tape
recorder are battery powered and mounted within the hub of the cable
drum. For the measurements reported here, the CTD unit was mounted on
the wall of a wooden hut directly over a hole through the floor and the
ice.

The depth sensor for the CTI) is a Digiquartz pressure transducerwith an output frequency that varies with depth. The temperature sensor

in the CTD unit is a thermistor, 9 and the conductivity sensor is a
three-termina1, platinum electrode flow-through cell 1" (Beckman Instru-
ments (CL-JD20). Both act as a variable resistance in a Wien bridge
oscillator. The output frequency depends on the temperature, or on the
conductivity in the case of the cell. The output frequencies from these
three sensors are multiplexed and fed by cable to the electronics unit
within the hub, where they are digitized and recorded on tape.

The accuracy of the temperature sensor was usually checked by
taking readings with another thermistor. Water samples were occasion-
ally collected from selected depths so that the salinity could later be
checked against high precision laboratory conductivity cells. The depth
was checked against measured marks on the cable when the current was
slack.

APL-UW 8112 3
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Because the cell does uat flush in. taltaneLoun I and the. thurmi ,tkur
has all appr'ec iable timle conistanlt, tl he tL.'ijlIertlI'C anld cmnduct iv ty mcleu-
s;1'irIIllnt-5 areC rIot S i iiNI It ;iiiuOtI, i lld 1101 Ot eXaI t 1 tj Ie Q- muIL Sit (2 1- A
computer p ragramn was deve.Ilped t o det erm inie the co rru>ponldLeiic huts eunl
these two propertines so that thle sal i lt.e COUld he comiputed aCCurIat ulI v

(:11)l Correct i Program

The CII) p rohe conta ins three sens ors: a thupm is tor ,a c onduc1-t iv VI t
Cell , anld a preCS sure sensor01. Readi ngs ar *U taCT kun at the output at uaC h
sensor ahIoLot three t imes per second. SalI i n it ' e is Cal culateud fromi tern-
l)VI-atL~re and canduILct ivitv , anld an error tsill rusni lt if the mecasure:d
temlierature and sal in ity are nat at' the same wat er. '1he f'irs.t pi ohiem
is that the sensor read i ngs are t a ke sequentliall ahaut 1 / 3 s apart so
that there is a snmall time interval he tween thle tumiperat uri. and coniduc -

tivity readings . The, second is that the thermiistar is a curY small head
whereas the conlduct iVit%' Cull i s1.1 cm long and thle condUCtiv it VMea sure -

inent is anl average aver this aamount of' water. A third complimeat ion is
that tile conduc tiv it v cell dous not flush campl1etuly hetsenr readings.
A fourth problem is that ttr enlter-ing theL Cell chlanlgus tempera-;ture
ow ing to hea t tr-anIsferred to or' from11 Lhe cell stl-ruCtUre.

The arrangemlent aof the CHI) p rohc is shown inl F i gore 1 . Ill this
treatment , wec have ignored thle Ies suCu sen sor heca ILise a SImlI)l e Shift Inl
the recorded dept h canl he made to correcct to r a ver t ical s epa rat ion or a
slow re ,pause. The d-layv inl read imig the dep'jth Cu iln erro aft . 11.1
at a normal drop speed of I ri/s.

I'I CONDUCTITi>
CELL

co~2&t:'~ scnsors on; C.T) prcbe.

THERMISTOR

READING
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The correspondence between the conductivity and temperature data
can be obtained using the drop speed and the response of the sensors.
Let

s = vertical speed of probe through the water (n/s)

t = time between sets of readings (s)

c = time constant for heat transfer from cell structure to

the water (s)

T n= nth temperature reading (°C)

Cn = nth conductivity reading (°C)

T2n = temperature of cell structure at time of n
t h reading (°Q

= time lag of temperature reading after conductivity

reading (s).

The temperature of the water at the depth of the midpoint of the cell is

T3 T + (T T a + T (1

The cell structure changes temperature as the new water enters;

T21 = '2n-l + j3 - T2n 1 1) (1 - - 2)

The average temperature in the cell is

T4 = f T3 1 + g T2 + (1- f - g) T3 (3)
n I11 n1

where

f = fraction of water remaining at previous temperature and
salinity

g = fraction of water that is at the temperature of the cell
structure.

The salinity S2n is calculated from the average temperature T4 and the

conductivity reading Cn . It is related to the salinity Sn of the entering
water by

8
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S2 = f S2 + (1 - fj S (4J

which gives

S - S f 22 (3

These equations are used when processing data acquired during lowering
of the probe. When the probe is raised, flushing of the cell may be
poor because of the disturbance created in the water by the cable,
connector, and other structures supporting the probe. If flushing
during raising of the probe is good, the same type of corrections can
be made by using a negative value for s in Eq. 1 for T3n . The pressure

lag term should be reveised for the up run.

These corrections eliminate most of the anomalous salinities that
often occur when large thermal layers are present. Best results were
obtained with f 0.25, g = 0.15, and £ = 8 s.

6 APL-JW 8112
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IV. CHUKCHI SEA, OCTOBER 1978

On 3 October 1978, the APL research party embarked on the U.S.
Coast Guard icebreaker NORTItNIND at None. Proceeding through Bering
Strait and northward to latitude 730N, the NORTIIWINI) entered the ice
pack and a camp was established on an ice floe (see map in Figure 2).
From 12-26 October, various acoustic and oceanographic studies were
carried out while th(- NORTHWINI) remained nearby for logistic support.
During this time, the ice floe drifted mostly southwest as shown in
Figure 3. On 28 October, the camp was abandoned and the NORTItWIND
returned to Nome.

CTD Profiles

During the October 1978 field trip, CTI) casts were made three or
four times a day. A list of the CTI stations and plots of the profiles
are presented on pp. 15-21 at the end of this section. The plots show a
10 m thick surface layer with a temperature between -I°C and -1.5'C.
Between 20 and 40 n depth there lies a warm layer of 0.5-1. 0C water
which varies in magnitude and shape. This layer is a relic of the warm
intrusion (which can reach as high as 10'C that enters the Chukchi Sea
from the south each summer. Although found predominately along the
coast, the layer also spreads northward. In this case, cooling and
mixing in the fall have reduced the temperature near the surface. At
first, the lower boundary of this layer appeared very sharp, but later
it became diffuse as mixing took place. The change during the 2-week
encampment can be observed in Figure 4, in which we have plotted one
representative profile for each day.

There were two time series, one on 20 October and one on 23 October,
in which a profile was taken every 15 minutes. The results are shown in
Figures 5 and 6. Because the floe was moving, the observed changes may
represent as much a spatial change as a temporal one (see map in Fig-
ure 3).

Currents

Current measurements were made twice each day. The probe was lowered
and stopped every 10 in for a reading. As the probe was raised, measure-
ments were repeated at the same depths.

The dates and times for the current readings are listed on p. 22,
followed by polar plots showing the magnitude and direction of the cur-
rent at each depth. The dashed lines are for readings taken at stops
during raising of the probe. The currents shown are relative to the
floe, which moved 105 km southwest in 20 days as indicated in Figure 3.
Because of this drift, the polar plots include an erroneous component
of about 0.1 kn to the northeast. After correction for this effect, the

AIL-UW 8112 7I
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actual current appears to be fairly random and highly variable, some-
times changing considerahly during the few ninutes between lowering and
raising of the probe. Sometimes a rotation is apparent. The rotation
of the floe was monitored by occasionally reading the compass in a fixed
surveyors transit, and is plotted along with the weather observations in
Figure 7.

Weather

Weather observations cons4sted of reading a mercury thermometer
enclosed in a standard weather enclosure, estimating the wind speed and
direction, and noting the visibility (see Figure 7). A microbarograph
was used for recording the air pressure. Hourly weather records were
obtained from the NORTIIRIND when it was in the vicinitv. The weather
observations from the NORTItWINI) are plotted in Figure S.

10 APL-IJW 8112
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CTD Profiles Taken at the 1978 Ice Camp

Local Local
Date Time Station No. Date Time Station No.

13 Oct 1910 3 21 Oct 0715 117
14 Oct 0710 5 1117 119

1225 7 2145 121
1920 11 2019 124

15 Oct 0645 13 22 Oct 0520 126
0815 15 1030 128
1840 28 1430 130
2040 31 1800 132

16 Oct 0720 33 2140 134
1255 35 23 Oct 0740 136
2010 38 201164

17 Oct 0650 40 2300 166
1405 42 24 Oct 1140 169
1810 44 1956 173
2130 46 2207 175

18 Oct 0700 48 25 Oct 0400 177
1140 50 2215 191
1750 52 2225 193
2150 54 26 Oct 0705 195

19 Oct 0640 56 1745 202
1110 58 27 Oct 0700 204
2045 60 1240 206

20 Oct 0650 62 1850 208
2010 114

20 October, 1100-1700, Station Nos. 64-112, Time Series
23 October, 1237-1545, Station Nos. 138-162, Time Series

APL-UW 8112 15
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Current Measurements Taken at the 1978 Ice Camp

Loca l
lat e T i le

14 Oct 080
0855

15 Oct 0830
0935

lIC Oct 0840
2015

17 Oct 0711)

18 Oct }{3o
2100

19 Oct ({015
2115

20 Oct 117)0
I 10{3
12053
13o}5

14108
15117

21 Oct 1)7 -
22 Oct 1122

174o
23 O-t 1308

1-108

1508

2-4 Oct 1331
25 Oct )10o

20 Oct 0630
1800

27 Oct 0715

21 Oct 1550-1810 (Time Series)
27 Oct 1)735-17.15 (Time Series)

The solid lines show the currents measured at stops during lowering of
the probe, and the dashed lines arc for currents measured at stops on
the way up. The numbers written at the ends of the vectors indicate
the depth (m) of the probe during the measurement.
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TIME SERIES AT 30m
21 OCT

1 ----- 1550
2 ----- 1552

1413 3 ----- 1554
15 4 ----- 1612

11 5 ----- 1614
6 ----- 1616
7 ----- 1636

I0 8 ------ 1638
9 ----- 1640

16 10 ----- 1655
11 ----- 1657

&6 12 ----- 1659
13 ----- 1733

15 ----- 1806
16 ----- 1840

TIME SERIES AT 20m

27 OCT

1 ----- 0735
2 ----- 0736

1 3 ----- 0737

S4 ----- 0738
4 5 ----- 0739

6 ----- 0740
7 ----- 0741
8 ----- 0742
9 ----- 0743

10 ----- 0744
11 ----- 0745

0.0 0.5 KN
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V. KAN[: BASIN, SPRING 1979

In the spring of 1979, a camp was established on tile ice in Kane
Basin, 140 miles north of Thule Air Base, Greenland, to conduct various
acoustic investigations (see map in Figure 9J. To support these studies,
profiles of temperature and salinity versus depth were taken routinely.
In addition, a string of thermistors was frozen into the ice to record
changes in ice temperature during the spring.

___ KANE BASIN
79- -

ICE
ELLESMERE IS. CAMP

- -- --ELES -,L '

I GREENLANDI-
R78 hf--- ---

z

BAFFIN BAY -"K
7 7 ,___ . . . . . .

80 z'-- THULE

80 70

W. LONGITUDE

Figure 9. Location of 1979 ice canp in Kane Basin.
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CTD Profiles

A CTD unit was mounted on the wall in one of the wooden huts, and
vertical profiles were taken routinely to a depth of 200 m from 22 March
to 15 April. Occasionally, an extra cable was used to make a deep cast
to 380 m. The dates and times of all casts and the profiles obtained
are shown on pp. 37-45 at the end of this section.

[wenty-one water samples were taken at various times. The salinity
of these samples was analyzed later at the University of Washington with
a high precision conductivity cell. The results are shown in Table I and
plotted in Figure 10. The salinities tend to follow a uniform increase
with depth.

Table I. List of salinity values determined from laboratory

analysis of water samples taken in the spring of
1979 in Kane Basin.

[Depth Sal inity
Date (m) (%)

28 Mar 1979 15 .72

50 33.7o

50 33.75
100 33.84
100 33.82
20o 33.92
206 33.90

9 Apr 1979 50 33.83
50 33.87

205 33.90
205 33.91

II Apr 1979 380 34.09
38C 34.09

13 Apr 1979 50 33.80
50 33.79

212 33.89
212 33.86

14 Apr 1979 100 33.81
100 33.81

15 Apr 1979 157 33.84
157 33.84
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SALINI,' '0/oo)
334 336 338 340

Eb 
T' -i r

200-

300-

400- --

The alI i nli t i ts calIcula ted fromi the CH)i data vari ed cons iderabI v
tromn day to dav . I-or soiine proti Ies thle s-i1 I in i Itv dec reaised w i th depth,
hult denls itv C1enIainS1sho%% that thle pres slre effect was suiff ici ent to
maiinta in anl increas ing dens i t w with depth . There are some variat ions inl
sal in itv from cast to Cast that ajppear to be due(. to di fferenkCes in thle
conlduct ik-itv- Cell TheCSe var iat ions cause a sh ift of as much as (0.2",,
Ihle ;al i ties th ic thought to he in error are Indi cated hy a note
al- thle iOttoml Of tnc ('11) profiles.

Not all of this var iat ion may he anl error, however. There- is rea-
son to susp)ect a vert ical1 exchange of water. Figures. 11 and 12 show CII)
profiles for stat ions with large and sinai I salinity changes with depth,
res-pectively, accompanied by p lots of the cal etlatod ci and dens ity vs
depth. Although thle dens ity inl Ii gores 11 and 2 increases With depth,
ot is tiva const ant, indiceating t h;o very litcar o nergy twould he
required to' produce a vert ical exchange of' water. Czuch an exchange
could he respon'sible for some of the sal in i t v variat ion aInd thle small
thermal layers seen in thle temperature profi 1le in F igure 12. 1 ow\ev er,Ithere was apparent Il'v no large movement of water from be iow 2001 in into
the upper regions; because thle tcinperat ire in the Upper reion rema ined
low throulghoult thle experliMelt.
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TEMPERATURE (°C) (0-I).10 3 ; O t

-2 0 27 28 29

10 0 -

O!I , a I-tI p

E T S '-p

I200K

LALJ

300
CTD STATION 59
1620, 31 MARCH 1979

/400 620 31 MARC 979....

4oL -- L -- - i--- -~ --- i-

338 34.2

SALINITY (o/oo)

1ensit1 for a station wi h a hiJ72cr sizt, U. r(,

TEMPERATURE (°C) (p-I). io3; o-t
-2 0 27 28 29
0 F-

100

E T S 0-t p

:r 2001'-
-

Swo V
300

CTD STATION 104

1000, II APRIL 1979
400 , , , L ,

338 34.2

SALINITY (O/oo)

Fiaure 12. CzcuZated a t and densit , jor a statio: with onlji
a smalZ increase in saT initl, at the lower depths.
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Ice Temperature Profile

Two strings of thermistors were frozen into the ice to profile tho
changes in temperature during the encampment. One string was near a
heated hut covering a hole through the ice used for acoustic measure-
ments. The other string was 25 m away. Readings were taken by attaching
a resistance bridge to the bundle of cables, switching from one thermistor
to another, and obtaining a balance for each.

The thermistors were calibrated by immersing them all in a fresh-
water ice oa .i before and after installation in the ice. As the bath
warmed, a foxv readings were taken to obtain the change with increasing
temperature. The equation for calibrating the temperature is

T = 0.0759 (R-670)

where R is the recorded reading.

The measurements have been plotted in two ways: Figures 13a and
14a show nested vertical profiles of the temperatures recUded by the
two strings, and figures 131) and 14b contain plots of temperature versus
time for each thermistor.

Thermistor 10 on string 1 was exposed to the air but kept in the
shade. In Figure 15, its temperature is compared with that of the
weather box thermometer for a 13-day period. The agreement is good,
except for 3 and 4 April when there seems to be a day's lag in the
thermistor, which was closer to the ice.

The profiles from the thermistors on string 1 (Figure I3a) show
that within one day the refrozen hole and the thermistors cooled to the
temperature of the surrounding ice. As the air temperature rose, so did
that of the ice below, but the deeper the thermistor, the slower the
temperature increase. The profiles remained nearly linear with a de-
creasing slope. Near the last day, the air warmed so much that the ice
did not keep up, and the minimum temperature occurred 1/4 of the distance
below the top surface--an indication that heat was entering the ice at
both surfaces.

As shown in Figure 14, string 2 exhibited essentially the same
behavior as string I (note that thermistors 3 and 6 were inoperative).
The temperatures recorded by string 1, which was next to the hut and the
access hole in the ice, were generally higher by 1-2'C. This excess
heat apparently came from the heated hut and the water in the hole;
however, the amount was small, and had little effect on the structure
of the ice during the 3-week camp.
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THERMISTOR TEMPERATURE ('C)
NO. -22 -14 -6 2

CE 68 .n.

6

WATER

TIE 0? 0r 0 0 r0 0 0 ) 0 0 ' 0 0 0 0 T)

0 0 0 0 N 0 ~ ~

MAR 31 APRI1 2 3 4 5 6 7 8 O0 1 12 13

Figure 13a. Vertical profiles of the temperature in the ice and the
water beneath as recorded by string 1. The nested pro-
files are spaced at intervals of 4'C. Tim~es are lo-oa.

THERMISTOR

, DEEPEST, IN"'ATER N

* - 3
4 -

5

7

-SH AL LOW EST

STRING I

1 3 5 7 9 it 13 15
APRIL

Figure 13b. Temeratures recorded by each thermistor on string 1.
Duritng the first day after installation, the thermistors
were not yet in equilibriwn with the ice.
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THERMISTOR TEMPERATURE (0 C)
NO.
10 -22 -14 -6 2

7
6 ICE 66 in

4 3 - \ •

I I I II I I

' I I WATER

I -

T IM E o N I n w - - o ,-

... I .. I. 1 I I I II I I I
MAR 31 APR I 2 3 5 6 7 8 10 II 12 13

Figure 14a. Vertical profiles of the temperature in the ice and the
water beneath as recorded by string 2. The nested pro-
files are spaced at intervals of 40C. Thermistor 3 and
thermistor 6 failed and the dashed line is an estimate.
Times are local.

THERMISTOR

sDEEPEST, IN WATER NO

* ~ -- 1,2

S- 4

5

7

8
9

SHALLOWEST

STRING 2

t i 1 1 I 1II I i I

* 3 5 7 9 i 13 15~APRIL_

Figure 14b. Temperature change recorded by each thermistor on
*string 2. This string of thermistors was father

from the heated hut and access hole, and did not
warm as much as the other string.
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0-

-4

-8

o-12

w THERMOMETER
,,THERMISTOR

'-16

w

.

-24

-28

-32

1 3 5 7 9 11 13 15

APRIL

Figu~re 1.5. Com aion' of tcmtrartupr occ.?oraje~ bK, a tiherwrisor
ir j:tst cabo ' tize iLo! wotrz ihose recordLed b .z

in 2 tnrdwo zthei, sh Ltcv.
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CTD profiles taken at the 1979 ice camp in Kane Basin

Local Local
Date Time Station No. Date Time Station No.

13 MIar 1500 1 1 Apr 11(10 61
22 Mar 0855 6 1400 63

2015 8 2 Apr 0830 o7
23 Mar 0728 12 2040 72

1010 15 3 Apr 1115 76
1410 17 4 Apr 1400 78

24 Mar 0650 19 5 Apr 0700 80
1225 24 1545 82

25 Mar 0650 26 6 Apr 0640 84
1100 28 1325 86

26 Mar 0645 30 7 Apr 0615 88
1630 32 8 Apr 0800 90

27 Mar 0615 34 1400 92
0800 36 9 Apr 0900 94

28 Mar 0645 38 10 Apr 0540 97
1333 40 1445 99
1406 42 11 Apr 0640 102
1433 44 1000 104
2100 46 12 Apr 0650 106

29 Mar 0830 50 13 Apr 0620 108
30 Mar 0630 52 14 Apr 0640 110

1345 55 15 Apr 0710 112
31 Mar 0630 57

1620 59
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LJ

5OCT 80 -27 2

z 29 19 SEP 80

7 2 - -.. -. .... . . .- - .- . .. . ..

156 151
W. LONGITUDE

Fid'>fsre 1/. D9 i;'t .; " ' i, ,j /. , -h . t i' ur0 .
2 [2SiZ .-Y., 7,' !, ,,' : b, K D,'te! .Lt

Personnel from Sciunce App icat iols, inc., remained aboard the
icebreaker and took CI) casts from tile 'hijp in the general area within

20 miles of the camp, except for one longer trip toward the coast.

APL's CTD profilers were used for this work after an attempt to operate

the ship's Sill system failed. Nanscni casts were also made from the ship

to obtain water samples for laboratory analysis of salinity. These
casts obtained information at depths greater than the length of tile CTD

cable.

Weather observation: were taken four times each day at the ice camp

and on the icebreaker. The air temperature, wind speed, and wind direc-
tion at the ice camp are plotted in Figure 18.

CTD Profiles

The location of the CI stations taken from the icebreaker is shown
in Figure 19, along with the drift track of the ice camp. The location

of the CTD stations taken from the camp is shown in Figure 20. All tile

CTD stations and the profiles taken at these stations are shown on pp.
64-93 at the end of this section. The CTD profiles taken from the

icebreaker POLAR SA will be discussed in detail in a report by John

Newton of Scienuce Applications, Inc. However, they have also been

included here along with the ice camp profiles for convenient reference.
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Fiaure 18. Weather observations at the 1980 ice ca7mp.
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Figure 19. Location of CTD stations taken from the POLAR SEA in 1980.
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Figure 20. Location of the CTD stations taken during the 1980 ice caa.2
The location of stations 57-59 is approximate.

The water samples taken from the icebreaker were tested for salinity
using the ship's laboratory salinometer. Samples taken at the ice camp
were either analyzed on board ship or taken to Seattle for analysis at
the Northwest Regional Calibration Center. The results are shown in
Table II. These results were helpful in evaluating the accuracy of the
conductivity cells.

Many of the temperature profiles show a layer of warm water in the
upper 60 m. This warm layer is a relic of the summer intrusion from the
Bering Strait region. It is a very distinct layer and highly variable
with location. A contour diagram of the maximum temperature observed in
this layer in 1980 is shown in Figure 21. The pattern suggests that the
warm intrusion past Pt. Barrow has spread eastward and northward. In
other years, the coastal current has brought water with a temperature of
5-8'C to the vicinity of Pt. Barrow in August. If it is assumed that
this also happened in 1980, the warm layers off Pt. Barrow must have
cooled with time or distance from Pt. Barrow to below 3'C.

50 AP,-1JW 8112



________________UNIVERSITY OF WASHINGTON -APPLIED PHYSICS LABORATORY __________

t -,'jr cor ('C lL- Z)-1--COCO)C' 4I -, 'r

5 -D

cC)~C C)~, -

4) +.) 41 4J 4- 4 4-J 4 4- . +. + 4J 1414 -C-
S C) C) C) C)))CCC)))CC

5 0 0 0 0 0 0C 0-

-4 ::4 -4 .- ,=
Z_ 4:1 z 7:5z 71 z z ;01 . 7 7 -- - - --- -

Ci) m tscC CC ,I alC C CICC:t
>-. 0 0 0 0 0 0 5 0 0C

V/ C) cn L)V)U) V')U)CL)U)cr )U) Lr )

< <)

CC4

0 0 u0 C)u ) .0.0.0.0.:C: ;1 .

u u u u u uu ) CDC) )C 0C)-.''~ C) 0 C) 0 C)

4-14-

C)'- 10 10 .0. 0 0 0 0 Lf tn LnLf , fLrf)UfL,) L L ' L) Ln
-4 4-4!~-r.- -- r-- -T -

C) 11 0

00

-4-4-4-'4F-

4-C .4 -1 00

cd z nt nt ) )' 0w0 c 0c Y oC

4-.)

00

*0 c
445 - 17)

AI - 112 51



MMJ

UNIVERSITY OF WASHINGTON APPLIED PHYSICS LABORATORY]

2I
2- 2

C -- 2

Z NO DATA IN
THIS AREA

P- BARROV'i'>

70

7 58. 56* 5-1 2* J50,

W LONGITUDE

Fi ,jApc :,'. A1,-zxz-rnwotepea ur (0 c) in the warm Lpr

5 A l8

52 AP-IJW 112 o

-,2
°

' r



r -" =' " ::" -' '-" ... ..... ... .Z - ': " " -Ii i
'' '-  " :  ' '  -  

;...... -....;. _= Jl "

_UNIVERSITY OF WASHINGTON • APPLIED PHYSICS LABORATORY

Some representative temperature and salinity profiles are shown in
Figure 22. In this figure, POLAR SEA station 75 off Pt. Barrow is com-
pared with station 66 in the central part of the operating area (the
station with the highest temperature), station 31 in the southeastern
part of the area, and station 9 to the east, which appears to be least
affected by the intrusion. The intrusion appears to have thickened as it
moved from the shallow Chukchi Sea into the deep Arctic Ocean. The de-
crease in salinity between depths of 30 and 80 m at station 66 indicates
that the warm layer is mixing downward. The additional warm layers
below 70 m also appear to be an interleaving as a first step in mixing.

TEMPERATURE )C1

-2 0 2 4 6 8

o -, '
07

2
0-

' -- 75 BARROW I :'

6o L " :-Rp taSE e p a en

Figure 22.
0 _- -> 66 CENTRAL " '

BOP- ._ '  ,jr/Representative temperature and

v ; " ',''i, salinity profiles for the area.
,oo 7

o 9EAST

120-

140-
'T S

160i
I6 -

2001 - .
24 26 28 30 32 34

SALINITY (0/oo

Figure 23 is a temperature-salinity diagram of these same four
stations. Stations 66 (central) and 75 (Pt. Barrow) appear to have
layers with the same water properties. At Station 31, the less saline
portion of the layer is missing.

8
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Figure 23. Temperature-salinity diagram for four representative stations
in the survey area.

To measure the heat represented by the intrusion, we multiplied the
temperaturc increase due to the intrusion (i.e., the excess over the
minimum of -l.50 C recorded at station 9) by the layer thickness and
integrated the product over the whole area. Figure 24 contains a plot
of this product for eac'h station. The contours give a pattern similar
to that in Figure 21 except that values near Pt. Barrow are low because
of the shallowness in that region.

Coachman and Barnes'1 have shown evidence that such warm water from

the vicinity of Bering Strait enters the Arctic Ocean and is distributed
over the western Arctic Ocean at a depth of about 75 m by the Beaufort
Sea gyre. The observed layers shown in Figure 24 have a heat content of
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Figure 24. Heat in warm Layer in units of temperature above freezing ('C)
and Layer thic'kness (in).
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2
(3000 n.mi. ) (185, 300 crii/n.mi.) x (3°C) x (3000 cm)

= 1.11 x 1018 cal.

The residual heat in the entire temperature maximum layer described
by Coachman and Barnes, which averages 0.6°C above freezing, is estimated
as

(350,000 n.mi.) (185,300 cm/n.mi .) X (O.o°C) X (3000 cm),

= 21.6 X 1018 cal.

In other words, the heat supply observed in the area surveyed is 5% of
the heat maintained in the shallow temperature-maximum layer of the
western Arctic Ocean. More heat undutbcdly enters from the portion of
the intrusion branching northward at Pt. Hope (see Section IV).

Coachman and Barnesi l estimated that the summer transport northward
through Bering Strait is 1.4 Sv, which, at an average temperature of
3.5C (5°C above freezing), amounts to

1.4 x 10 x 86,400 s/day x 90 days x 50 C = 54.4 x 10 cal. (8)

This is 50 times larger than the heat we observed in our survey Znd
about 2.5 times as large as the amount calculated in Fq. 7 as stored in
the temperature-maximum layer.

A recent estimate of 0.8 + 0.2 Sv for the mean annual transport has
been made by Coachman and Aagaard'2 based on their current measurements
in 1975 and 1976 which showed many periods of southerly flow during the
non-summer portion of the year. Southerly flow during the winter was
predicted by Garrison and Becker' in 1975 from a study of the wind
records during these months.

The average amount of net heat loss at the surface in these lati-
tudes has been estimated 1 3 as 108 cal cm-2 day- 1. The heat loss per
year over the area occupied by the temperature-maximum layer would thus
be

108 x 350,000 x 185,3002 x 365 = 473 x 1018 cal, (9)

which is nine times the estimated heat input through Bering Strait. The
remainder of the heat must come north through the atmosphere. According
to Neuman and Pierson,14 it is difficult to separate the heat transfer
northward between the ocean and the atmosphere, but most scientists
agree that the atmosphere predominates.
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Tile tenperature-iniaxiuium layers we observed were at depths of 20-60 m
whereas in the profiles summarized by Coachman and Barnes the temperature-
maximum layer was at S0-90 in depth. Our station 66 shows a layer devel-
oping at 75 in which may indicate a progression downward. Cooling from
above would lower the upper boundary.

Current Measurements

Current measurements were made at the 1980 ice camp daily until the
meter failed. The measurements are listed below and plotted in Figure 25.
The measurements taken at stops during the raising of the probe are plotted
as dashed line vectors.

Local
Date Time

18 September 1700
20 1800
22 1800
23 171o
26 1800
27 035
3) 0935

In the measurements on 20, 22, and 23 September, the current in-
creased with depth and had a nearly constant direction. Since the floe
was drifting at a rate of <0.1 kn (see Figure 17), the current measured
was mainly the true current. On 26 and 27 September, the measured
current was large and to the south (27 September had the fastest floe
drift, 0.5 kn to the west). The erratic behavior on 30 September sig-
nifies the beginning of trouble with the current meter, which was
apparently detecting some extraneous signal.

pHt Analysis

The water samples taken for salinity analysis were also analyzed
for pH at the ice camp and later at the Applied Physics Laboratory in
Seattle, using a VWR Model 74 mini-pli-meter. The pH measurements are
summarized in Tables III-V; note that a I month delay in analysis of the
samples caused no error. The pH determinations at the ice camp were
corrected'5 to obtain the in situ pH at the temperature and pressure
where the sample was taken. A graph of in situ pH vs depth is shown in
Figure 26. The pH appears to decrease from 7.8 at the surface to 7.4
at 160 m and then to increase to about 7.6 at greater depths. Schulkin
and Marsh16 summarized some ocean pH readings and found a pH of 7.6-7.8
for the North Pacific Ocean and about 8.1 for the North Atlantic Ocean.
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Figure 25. Current measurements at the 1980 ice cca'ip. Vectors arc

relative to the floe which had a maxrimum Irift speed of'
0.5 kn.
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APL-UW 8112 59

J1A t



________________UNIVERSII Y OF WASHING1lON APPLIED PHYSICS LABORAJORY___________

- --I I I 71

60 A I-11 811



I
_ _ _ UNIVERSITY OF WASHINGTON APPLIED PHYSICS LABORATORY

0 H 0 - , H-- -

o

POn In- I

C) - - r

00 U

CD H- Ht) 0o I

C:+. Lf) H) C

, r -
4 C.

4-

r) 0 ° 0

t') v)I o o

C 
z

oN 
N o N

coHI N

-7 3

If)-U 8112 61f)



UNIVERSITY OF WASHINGTON APPLIED PHYSICS LABORATORY

Table V. Set C: pH of water samples taken from the POLAR SEA on
7 October 1980 and measured at the ice camp.

Ship Station Sample Depth In Situ
No. (m) ptt Average pH1

86 150 7.36

88 7.48

89 7.35

93 7.29 7.37 7.54

86 450 7.50

89 7.47

93 " 7.45 7.47 7.62

86 750 7.51

88 " 7.49

89 7.48

93 " 7.45 7.48 7.62

Overall Average 7.59
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Figure 26.
300 Values of pH at several depths.

E 0= sets A and B; 0= set C.
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The World Ocean Atlas17 shows pH values at three depths for most of the

oceans. Our surface values, which are for water that has recently

entered the region, agree with the Pacific values. The older water near
160 m has somewhat lower values than the atlas gives for the Pacific.
The deep water, which is water that has come from the Atlantic Ocean and
has been in the Arctic for several years, has a lower pH than Atlantic
Ocean water. Apparently, the pH decreases with time in the Arctic.
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CTD profiles taken from the 1980 ice camp

Local Local
Date Time Station No. Date Time Station No.

19 Sep 1200 4 1 Oct 0625 43
1700 5 1445 44

20 Sep 0800 8 2120 45
1400 10 2 Oct 0620 46

21 Sep 1015 15 1140 47
22 Sep 0830 17 3 Oct 0625 48

2100 18 4 Oct 0620 51
23 Sep 0615 19 1315 52

1210 20 1445 53
1815 21 1545 54

24 Sep 0b20 22 1800 55
2140 23 5 Oct 0625 56

25 Sep 0615 24 1250 57
0945 25 1910 58
1350 26 6 Oct 0700 59
2135 27

26 Sep 0620 28
1330 29
2010 30

27 Sep 0630 31
1420 32
2115 33

28 Sep 0620 34
1200 35
2230 36

29 Sep 0645 37
1640 38
2100 39

30 Sep 0630 40
1300 41
1420 41A
2130 42

Station locations are shown in Figure 20 on p. 50.
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CTD profiles taken from the icebreaker POLAR SEA
during the 1980 ice camp

Date Local Time Station No. N. Latitude . Longitude

12 Sep 2045 1 71059.01 155032.0,
13 Sep 0615 2 71 50.5 152 55.7
14 Sep 0445 4 70 51.7 149 19.5

0602 5 71 06.6 149 23.9
1130 6A 71 20.7 149 34.2
1130 6B 71 20.7 149 34.2

1500 7 71 32.1 149 35.3
15 Sep 0025 8 71 45.4 149 40.2

0515 9 72 04.3 149 45.7
0830 10 72 17.9 149 57.8
1945 11A 72 19.0 150 11.5
2000 lB 72 19.0 150 11.5

16 Sep 1745 12 72 28.7 151 19.0
2230 13A 72 28.8 151 20.7
2250 13B 72 28.8 151 20.7

17 Sep 0445 14A 72 28.2 151 23.6
0500 14B 72 28.2 151 23.6
OFW5 15 72 28.1 151 23.3

1740 16 72 28.7 151 27.5
2155 17 72 29.3 151 30.1

18 Sep 0415 18 72 29.8 151 32.6
0920 19 72 29.9 151 39.3
2300 20 72 18.0 151 51.9

19 Sep 0345 21 72 29.0 151 06.6
0640 22 72 30.1 151 18.7
1030 23 72 36.4 151 29.9
1545 24 72 40.2 151 58.7
1830 25 72 23.0 151 16.0
2120 26 72 30.5 151 29.0

20 Sep 0215 27 72 21.0 152 18.5
2118 28 71 29.0 152 08.0
2147 29 71 25.0 152 08.0
2201 30 71 12.0 152 04.0
2238 31 71 39.0 152 12.1

21 Sep 0025 32 71 48.2 152 03.3
0448 33 71 53.1 152 18.6
0710 34 71 57.2 152 26.9
1550 35 72 06.9 152 40.1
1800 36 72 14.4 152 31.5
2140 37 72 20.9 152 41.1

22 Sep 0050 38 72 28.5 152 26.9
0735 39 72 34.6 152 29.2
1750 40 72 43.1 152 38.9
2140 41 72 50.5 152 40.4
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CTD profiles taken from the icebreaker POLAR SEA, 1980, cont.

Date Local Time Station No. N. Latitude W. Longitude

23 Sep 0300 42A 72058.9 '  152043.0 '

0315 42B 72 58.9 152 43.0
0720 43 73 05.8 152 46.4
1645 44 73 12.6 152 48.4
2215 45 73 12.7 152 47.2
2345 46 73 21.2 152 15.0

24 Sep 0025 47 73 38.8 151 20.0
0035 48 73 34.2 151 37.7
0055 49 73 26.8 151 07.0
1510 50A 72 58.0 152 49.0
1510 SOB 72 58.0 152 49.0

25 Sep 0650 51 72 43.3 152 55.5
26 Sep 0535 52 72 44.4 153 10.6

2350 53 72 43.2 153 28.6
27 Sep 0020 S4 72 43.2 153 28.6

0750 55 72 26.4 153 18.0
28 Sep 0020 56 72 07.8 154 01.S

0230 57 72 12.3 154 55.2
0520 58 72 13.6 154 52.6
0620 59 72 13.2 154 54.8
0725 60 72 12.2 154 59.4
0825 61 72 12.0 154 01.6
0922 62 72 12.0 1S4 02.0
1025 63 72 11.6 154 06.0
1122 64 72 11.5 154 08.0
1218 65 72 11.5 154 09.6

1236 66 72 11.5 154 09.6
1248 67 72 11.5 154 09.6
1301 68 72 11.5 154 09.6
1318 69 72 11.3 154 11.2
22S8 70 72 13.4 154 09.7

29 Sep 0127 71 72 03.8 154 2S.8
0555 72 71 54.9 154 41.0
1115 73 71 47.5 154 56.1
1845 74 71 40.7 157 31.0
1912 75 71 3S.7 156 47.8
1925 76 71 31.2 156 37.0

30 Sep 0410 78 71 40.9 ISS 28.3
0630 79A 71 38.S 155 42.9
0635 7 9B 71 38.5 155 42.9
1915 80 71 50.4 155 30.0
2234 81 72 00.5 ISS 31.9
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CTD profiles taken from the icebreaker POLAR SEA, 1980, cont.

Date Local Time Station No. N. Latitude W. Longitude

1 Oct 0600 82 72009.31 155032.9
2334 83 72 34.5 155 01.0

2 Oct 0012 84 73 08.0 155 13.5
0036 85 72 40.8 155 33.0
0600 86 72 17.4 155 33.1
1930 87 72 27.8 J.55 31.9

3 Oct 0345 88 72 37.9 155 36.9
2245 89 72 32.2 155 58.5

4 Oct 0610 90 72 27.7 156 07.6
5 Oct 0710 91 72 15.0 156 30.5
6 Oct 0045 92 72 19.4 156 11.1

0430 93 72 21.1 156 01.2
7 Oct 0445 94 72 20.5 155 21.9

1840 95 72 19.8 155 18.9
8 Oct 0235 96 72 08.7 155 36.4

0705 97 71 59.8 155 55.9
1000 98 71 48.6 156 18.2
1220 99 71 39.1 156 26.7
1620 i00 71 29.3 156 39.2

Station locations are shown in Figure 19 on p. 49.
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