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ABSTRACT

Oceanographic data collected on 79 stations in the northern

Bering Sea and Bering Strait during 8-19 July 1968 are presented

and interpreted. The data include observations of temperature,

salinity, dissolved oxygen, and current velocity made at 5-meter

intervals from sea surface to the bottom. Contoured sections of

the data are also presented.

Editor's note: Reference to a product or comment with respect to it in

this publication does not indicate, or permit any person to hold out by
republication in whole or in part or otherwise, that the product has been

endorsed, authorized, or approved by the Coast Guard.
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Oceaiiographic Investigations in the

Northern Bering Sea and Bering Strait

June-July 1968

David M. Htisby >

INTRODUCTION

Results of past investigations in the Bering

Sea and Bering Strait (Aagaard, 1964; Coach-

man and Aagaard, 1966 ; Coachman and Rankin.

1968; Husby, 1969) have shown four problem

areas: (1) turbulent mixing and transfer proc-

esses, (2) time-dependence of the velocity field,

(3) the role of atmospheric circulation in driv-

ing or modifying oceanic circulation, and (4)

general physical oceanography of the northern

Bering Sea. A cooperative cruise with the U.S.

Coast Guard Oceanographic Unit and Univers-

ity of Washington was conducted on the USCGC
STATEN ISLAND (WAGB-278) during June-

July 1968 to investigate the general physical

oceanography of the northern Bering Sea and

Bering Strait, current How through the Bering

Strait, and transport of suspended sediments

by currents.

' U.S. Coast Guard Oceanographic Unit, Washington,

D.C. Present Address: Oceanography Department, Uni-

versity of Washington, Seattle, Washington.

DATA COLLECTION AND PROCESSING

(".ruise (>hronology

1968

25 June

1 July

4 Julv

6 July

9 July

16 July

17 July

Departed Kodiak, Alaska en route to north-

ern Bering Sea.

Moored current meter arrays and tempera-

ture-pressure recorders at 64°00'N, 171°

55'W and 65°37.9'N, 168°30'W.

Moored temperature-pressure recorder at

65°00'N, 170°20'W. Ve.ssel anchored near-

by for period of 26 hours while hourly cur-

rent meter lowerings and two-hourly Nan-
sen casts made for time-series study.

Vessel anchored at 63°20'N, 168°29'W for

30 hours for time-series observations.

Completed third time-series study at 64°

OO'N, 172°00'W with total of 31 hours

spent on this station. Arrived at first

oceanographic station at 2100 hours

(GMT).

Completed station number 55, but then oper-

ations halted due to fog and reports of

heavy concentrations of Soviet vessels in

the western channel of the Bering Strait.

Survey resumed at 1000 hours on station 56.

19 July Completed station 76 at 0400 hours. Re-

occupied stations 56-58, to verify the

strong (180 cm/sec) current and marked
temperature inversions. Initiated search

for current meter array originally moored

at 65°37.9'N, 168°30'W.

20 July Continued search for current meter array

with no success. Abandoned search and

proceeded to Norton Sound to begin a

study of su.spended sediments.

21 July Completed suspended sediment study and en

route Nome, Alaska.

22 July Disembarked scientific party at Nome with

the exception of Mr. P. Joppa who re-

mained aboard to assist in search for

anchored instrument packages. Instru-

ments anchored at 65°37.9'N, 168°20'W

never located ; one of orange surface floats

was observed in fisherman's boat. Tem-
perature-pressure recorder anchored at

65° OO'N, 170^20'W was retrieved.

23 July Instruments anchored at 64° OO'N, 171° 55'W
were located but lost during retrieval.



Anchored InHtrunient Packa<;e8

To determine the tidal wave pattern in the

northern Bering Sea and to continuously moni-

tor the flow through the Bering Strait, three

instrument arrays were anchored (fig. 1). The
basic configuration of the arrays is shown in

figure 2. At the 64 OO'N, 17r55'W location, the

instrument array was placed at a depth of

approximately 28 meters in water depth of 48

meters. The second instrument array, anchored
at 65°37.9'N, 168°30.2'W in 55 meters of water,

was suspended at a depth of approximately 25

meters. The third, consisting of only a tem-
perature-pressure recorder, was placed near
the bottom in 40 meters of water at 65 "OO'N,

170°20'W. Unfortunately, neither of the current

meters was retrieved and no useable data were
obtained from the one temperature-pressure
recorder which was retrieved.

Direct Measurements of Current on Station

At each of the 79 oceanographic stations, the
ship was anchored and allowed to swing on
the anchor until it achieved a fairly stable

heading. A current meter was then lowered and
raised through the water column stopping at

5-meter intervals to record current velocity for

about 15 minutes. The deflection of the cable

from the vertical was measured at each current
reading along with the length of cable paid out
to determine actual depth of the meter. The
current meter used was the "Magnesyn" cur-
rent meter, designed and built at the Depart-
ment of Oceanography, University of Washing-
ton. It combined a Hydro Products Model 460
current speed sensor and Model 451 current
speed readout module with a Marine Remote
Compass system for measuring magnetic direc-

tion. The current velocity data are retained by
the Department of Oceanography, University
of Washington, for later transfer to the Na-
tional Oceanographic Data Center, Washington,
D.C. (NODC).

Time-Series Current Measurements

At three locations (fig. 1), the ship was an-

chored and hourly current meter lowerings were
made over periods of 26, 30, and 31 hours to

measure the time-dependent variation of the

velocity field. Nansen bottle casts were made
approximately every two hours to measure tem-

perature, salinity, and dissolved oxygen content
at 5-meter intervals. The current and physical

oceanographic data from these three stations

are retained by the Department of Oceanog-
raphy, University of Washington, for later

transfer to NODC.

Oceano<;raphic Stations

At each of the 79 oceanographic stations, a

Nansen bottle cast was accomplished by per-

sonnel from the U.S. Coast Guard Oceanogra-

phic Unit. Observations of temperature, salin-

ity, and dissolved oxygen were made at 5-meter

intervals from the surface to near the bottom.

Water temperatures were measured by a pair

of deep-sea reversing thermometers in each

Nansen bottle. The salinities were determined

using an inductive salinometer. Conductivity

values obtained were converted to salinity by

use of the International Oceanographic Tables

published jointly by UNESCO and the National

Institute of Oceanography of Great Britain

(UNESCO, 1966). Methods of collecting and

processing the temperature and salinity data

essentially followed those outlined in H.O. Pub.

607 (U.S. Naval Oceanographic Oflice, 1968).

Upon retrieval of each cast, water samples

were drawn immediately for the determination

of dissolved o.xygen content. The method used

was a modified Winkler determination involv-

ing the titration of a 50 ml aliquot of the

treated sample with a 0.01 normal sodium thio-

sulfate solution using starch as the end point

indicator. The temperature, .salinity, and dis-

solved oxygen data were forwarded to NODC
and are listed as Ref. No. 31-1270.

Suspended Sediment Study

To determine the transport of material of

fluviatile origin through Norton Sound and the

northern Bering Sea, Mr. Stephen Smyth (Univ.

of Washington) conducted an investigation

during the occupation of the 79 oceanographic

stations. A Hydro Products Model 412T Tow-
able One Meter Transmissometer was lowered

into the water at 53 stations until contact was
made with the bottom. Water depth and trans-

missivity were recorded on a strip chart re-

corder in the oceanographic laboratory. When
the transmissometer recordings indicated un-

usual optical characteristics, water samples

were obtained from the Nansen casts for later



analysis of suspended sediment concentration.

A total of 62 transmissometer lowerings were

accomplished and 142 water samples were col-

lected.

During the Noi'ton Sound operations on 21

July, four stations were occupied. At each sta-

tion a Nansen bottle cast was made to obtain

water samples at 5 meter intervals from the

surface to near the bottom, current speed and
direction were measured at 5-meter intervals

to near the bottom, a gravity core sample was
obtained, a Van Veen grab sample was obtained,

and a transmissometer lowering was accom-
plished. These data and samples are retained

by the Department of Oceanography, Univer-

sity of Washington.

Water Masses

Hydrographic conditions in the northern Ber-

ing Sea and Bering Strait in July 1968 closely

paralleled the summer regime observed in pre-

vious surveys, showing a relatively warm
(>5°C), low salinity (<32.5%o) water mass in

the upper 10 meters and a layer of gradients

between 10 and 15 meters overlying a colder

(<3°C), more saline (>32.5%o) water mass
(figs. 3-14). Large zonal gradients of tempera-

ture and salinity were observed at the surface

in the eastern portion of the survey area (figs.

15 and 16). The warm (>7.0°C), low salinity

(<31.0%o) water mass which extended along

the Alaskan coast in the surface layer corre-

sponded closely with the Alaskan Coastal Water
(8-10 X, 20-30%o) first defined by Saur, et al.

(1954). The low salinity of this water mass is

attributed to dilution by the effluents of the

Yukon and Kuskokwim rivers. The isolated par-

cel of warm, low salinity water found at the

surface northwest of St. Lawrence Island (figs.

15 and 16) may be the result of the advection

of some river runoff through the Strait of

Anadyr, possibly from the Anadyr River to

the southwest.

The distribution of properties at 20 meters

revealed two distinct deeper water masses (figs.

17 and 18). One, in the western half of the sur-

vey area, was characterized by a temperature

range of 1.0 to 3.0 °C and a salinity greater

than 33.0%o. This mass was definitely the Modi-

fied Shelf Water (1.0 to 4.0°C, 32.6 to 33.0%o)

described by Saur, et al. (1954) which usually

has been found over the bottom in the northern

Bering Sea in the late summer. The second

water mass was found close to the northern

coa.st of St. Lawrence Island and was charac-

terized by temperatures less than 1.0 C and
salinities between 32.7 and 32.8%o (figs. 17 and

18). This water mass is the Deep Shelf Water,

RESULTS
described by Saur, et al. (1954) and Barnes
and Thompson (1938) which attains its low

temperatures from ice formation in the winter.

The source of this water mass has been hypo-
thesized to be the Gulf of Anadyr. The north-

eastward flow of water in the Strait of Anadyr
observed in July 1968 would tend to confirm

this hypothesis. Goodman, et al. (1942) re-

ported an eddy of this water mass in the sum-
mers of 1937 and 1938 between St. Lawrence
Island and St. Matthew Island with a tempera-
ture in the bottom water of -1.6°C. They sug-

gested this water was a remnant of winter
conditions when ice formation was occurring.

Currents

The current meter data were analyzed in an

unpublished research paper (Grider, 1969) at

the University of Washington. The direct meas-

usements of currents on station were resolved

into north and east components, which were

averaged over two depth layers. The upper

layer contained the average of all measured

currents between the surface and the 10 meter

depth ; the lower layer averaged all measure-

ments from 15 meters and deeper. The choice

of those layers was based on the fact that the

pycnocline in the northern Bering Sea is nor-

mally located between 10 and 15 meters in

the summer.

Results of observations at the three time-

series current stations revealed semi-diurnal

fluctuations in the current records which were

of a tidal nature with a 12.4 hour period. This

tidal species was then subtracted from the cur-

rent records obtained at stations 1 to 28 which

had obvious semi-diurnal oscillations. The cur-

rent records for stations 29 through 76 were

not corrected because there were no obvious

periodic fluctuations and the time difference

between the occupation of these stations and

the first time-series current station was too

3



large. Transport calculations were then made
for the lines of stations and the most interest-

ing result of those calculations was the net

southward transport of 0.1 Sv (Sverdrup=

lO^mYsec) through section G-G'. This section

was occupied during a period of average wind

speed of 18 knui» from the north. A southerly

transport had been observed in this area only

once before, in July 1967, aboard the CGC
NORTHWIND. The net transport through sec-

tion D-D' and C-C, 1.6 Sv to the north, showed

good correlation with the net transport through

section H-H', 1.7 Sv to the north. The current

regime in the Bering Strait showed the usual

summer conditions of greatest flow in the

eastern half of the Strait. The highest speed,

180 cm/sec (3.6 knots), was measured in the

lower layer at station 56 (figs. 19 and 20).

There was good correlation between the net

transport through the four southernmost sec-

tions computed from the current meter data

and the average wind components normal to

each section. However, Grider stated that the

wind probably does not have a casual effect on

the change in net transport, but is more symp-
tomatic of atmospheric pressure zones which
exert pressure differentials on the sea surface

over a large distance.

Dissolved Oxyjjen Distribution

Measurements of dissolved oxygen concentra-

tions revealed that the surface layer in the

entire survey area was supersaturated or nearly

supersaturated with oxygen at the tempera-

tures which were observed. The Modified Shelf

Water and Deep Shelf Water masses were
about 90 '^'(' saturated, indicating recent contact

with the surface and low oxygen utilization.
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Figure 1. Location of anchored sensing systems and oceanographic stations occupied by USCGC STATEN ISLAND,

1-21 July 1968. •=oceanographic stations, A=anrh<ir<-rl in>lruni<'nt package, + ^time-series current station,

^=:Aorl»ri Sound station.
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Figure 3. Distribution of temperature (°C) along section H-H', from USCGC STATEN ISLAND 8-11 July 1968.

Contour interval LCC except for—O.S'C contour.

STATION NUMBER

27 28

Figure 4. Distribution of temperature CO along section G-G'. from USCGC STATEN ISLAND 11-12 July 1968.

Contour interval l.O'C.
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Figure 5. Distribution of temperature ("C) along section F-F'. from LSCGC STATEN ISLAND data of 13-14 Julj

1968. Contour interval l-O'C.

44

STATION NUMBER

47 48 49

20

i30
X

40

50-

60
MILES

Figure 6. Distribution of Itinprruiiir)' (°<.) iiloiic .i-etion E-F,', from DSCCC STATEN ISLAND data of 15-16 Jul)

1968. Coiiloiir iiitrr>al LO'C.
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Figure 7. Distribution of temperature ("C) along section D-D', from USCGC STATEN ISLAND data of 17-18 July

1968. Contour interval l.O'C.

76 75

STATION NUMBEt

74 73 72 71 70 69 68

Figure 8. Distribution of temperature ("C) along section C-C, from USCGC STATEN ISLAND data of 18-19 July

1968. Contour interval LO'C.



Figure 9. DUlribution of salinity (%.) along section H-H', from USCCC STATEN ISLAND data of 8-11 Jiilv 1968.

Contour interval 0.5%<i, except for 24.0-32.0%« contours.

STATION NUMBER

5 20 —

Figure 10. Distribulioii of Milinii> (%.) along srrliun <;-(,, from I SCGC STATEN ISLAND Hala of 1112 July 1968.

Contour interval 0.5%«.
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STATION NUMtll
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Figure 11. Distribution of salinity (%o) along section F-F', from USCGC STATEN ISLAND data of 13-14 July 1968.

Contour interval 0.5%,.

44 45

STATION NUMBER
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figure 12. Distribution of salinity (%,) along section E-E', from LSCGC STATEN ISLAND data of 15-16 July 1968.

Contour interval 0.5%o.
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STATION NUMIEI

67 66 65 64 63 62

Figure 13. Distribution of salinilv (%.) along section D-D', from USCCC STATEN ISLAND data of 17-18 July 1968.

Contour interval O.S%«.

Figurr 14. Distribiilion of salinity (%.) along section C-C", from USCGC STATEN ISLAND data of 18-19 July 1968.

Contour interval 0.5%».
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Figure IS. Horizontal dislribution of sea surface teinporalurf ("C) from USCGC STATEN ISLAND data of 8-19
July 1968.
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172° 170" 168" 166"

Figurr 16. Horizontal dUlribulion of s.irfacr salinity (%,) from L'SCCC STATEN ISLAND data of 8-19 July 1968.
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Figure 17. Horizontal distribulinn of temperature (°C) at depth of 20 meters from USCGC STATEN ISLAND data

of 8-19 July 1968.
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172" I70» 168' 166"

Figure 18. Ilori/nntal <li-lrilmlion of «:ilinil.v (X.) at flopth of 20 iii«I.r> from USCGC STATEN ISLAiND data of
8-19 J.ilv 1968.
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Figure 19. Current velocity at a depth of 5 meters at stations occupied by LSCGC STATEN ISLAND, 8-19 July 1968.
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172° 170° 168° 166°

Hf(ure 20. Current vilociiv ul a iloplh of 20 nirlcrs at stations occupied by USCGC STATEN ISLA^D, 8-19 July 1968.

18



Figure 21. Distribution of dissolved oxvgcn (inl/l) along soclion H-lf. from LSCGC STATEN ISLAND data of

8-11 July 1968. Contour interval 0.5 nil/I.

STATION NUMBER
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Figure 22. Distribution of dissolved oxvgen (ml/l) along section G-C, from LSCGC STATEN ISLAND data of

11-12 July 1968. Contour interval 0.5 ml/1.
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STATION NUMBER

38 37 36 35 34 33 32 31 30 29

Figurr 23. Distribution of dissolved ox^son (ml/l) along section F-F', from USCGC STATEN ISLAND data of

44

13-14 July 1968. <:ontour interval 0.5 nil/l.

STATION NUMBER

46 49 50 52 54

Figure 24. Dixtribiition of ilissulved oxygen (nil/1) along section E-E , from IISCGC STATEN ISLAND data of

15-16 July 1968. Contour interval 0.5 ml/L

20



Figure 25. Distribution of dissolved oxygen (ml/I) along section D-D', from USCGC STATEN ISLAND daU of

17-18 July 1968. Contour interval 0.5 ml/1.

Figure 26. Distribution of dissolved oxygen (ml/1) along section C-C, from USCGC STATEN ISLAND data of

18-19 July 1968. Contour interval 0.5 ml/1.
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APPENDIX A

OCEANOGRAPHIC DATA

A complete description of the codes utilized in the tabulation of oceanographic station data can be found in

National Oceanographic Data Center publication M-2, Processing Physical and Chemical Data from Oceanographic

Stations. (Rev. August 1964, supplement issued May 1966.)

To facilitate use of the oceanographic station data listing, entry headings which are not self-explanatory are

described below.

Depth to Bottom Corrected or uncorrected sounding in meters.

Max. Depth of Samples Depth of deepest sample to nearest multiple of one hundred meters.

Wave observations:

DIR Rounded to nearest multiple of ten degrees.

HGT ; In increments of % m. Sum of 5 meters plus increments of % m if 50 is added to

direction.

PER If numerals 2 through 9 are entered, period in seconds is twice the numeric entry or

2x (numeric entry) + 1. For other entries see WMO Code 3155.

SEA Sea state according to WMO Code 3700.

Weather Code If preceded by X, weather according to WMO Code 4501. If a two-digit entry,

weather according to WMO Code 4677.

Cloud Code

Type - Cloud type according to WMO Code 0500.

Amount Cloud amount in eights. Entry of the numeral 9 indicates cloud amount could not

be estimated.

Water

Color Code, Color according to Forel-Ule scale.

Trans . Transparency in whole meters as determined by Secchi disc.

Wind

Dir_ Rounded to nearest multiple of ten degrees.

Speed or Force If preceded by letter S, wind speed in knots; if preceded by letter F, wind force

according to Beaufort scale.

Barometer Barometric pressure given in tens, units and tenths of millibars.

Air Temp. °C Air temperature to tenths of a degree centigrade.

Vis. Code Visibility according to WMO Code 4300.

No obs. depths Number of observed levels associated with the station.

Messenger time Entered in hours and tenths of an hour GMT. For Nansen casts, indicates time of

release of messenger applicable to the observational level. For STD casts, indicates

the starting time of lowering the sensor.

Card type _ OBS designates observed levels. STD indicates the values at this standard level were
interpolated by a modified 3-point LaGrange formula.

23



Depth (m)

T "C

SIGMA-T-.

Specific-volume

Anomaly — X 10'

SADyn. M X 103....

Sound Velocity

Oj ml/1 _-

PO4-P /ig-at/1

Total-P ,ig-at/l

NO2-N ^g-at/1

NO3-N ^e-Sitn

SiO^-Si /<g-at/l

PH-

Depth to nearest meter. A postscript T indicates depth was obtained thermometrically;

S indicates uncorrected "wire out" depth. Postscript Q indicates value was marked

doubtful by originator; P indicates value was considered doubtful by NODC.
Postscripts P and Q retain this meaning throughout the following entries.

Temperature to hundredths of a degree Centigrade.

Salinity in parts-per-thousand.

Entered to hundredths.

Multiply entry by 10-' to obtain specific-volume anomaly in cubic centimeters per gram.

Multiply entry by IQ-^ to obtain anomaly of dynamic height in dynamic meters refer-

enced to the sea surface.

Sound velocity according to Wilson's formula entered to tenths of a m«ter per second.

Dissolved oxygen in milliliters per liter entered to hundredths.

Inorganic phosphate in microgram-atoms per liter entered to hundredths.

Total phosphorus in microgram-atoms per liter entered to hundredths.

Nitrite-nitrogen in microgram-atoms per liter entered to hundredths.

Nitrate-nitrogen in microgram-atoms per liter entered to tenths.

Silicate-silicon in microgrram-atoms per liter entered to whole units.

Entered to hundredths.
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Table 1.—Observed and intcrpulaled oceanographir data from stations taken by LSCGC STATEN ISLAND, 8-19 July
1968, prepared from NODC Listing No. 31-1270.
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