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IXIRODUCTIOX

A knowledge of
is of both economj.c
along the coast has

the surface current patterns along the north Alaskan coast
and environmental interest. The discovery of oil reserves
brought development and exploitation on shore with offshore

drilling cn the continental shelf certain to be undertaken within the next few
years. Even the best of planning and the most modern techniques cannot insure
that accidental oil spills will not occur. The initial movement of the spilled
oil during the ~sumner would be determined primarily by the local surface currents.
Thus a working knowledge of the surface currents along the north Alaskan coast
is imperative.

During August 1976, a detailed study of the surface currents of the northern
Chukchi Sea and western Beauiort Sea coasts was attempted from helicopters from
the icebreaker USCGC GLACIER. The objective of this report is to describe the
sc~face circulation during open water.

DESCRIPTION OF STUDY ARE;.

The investigation wzs conducted primarily in the region between Icy Cape
(70”09’N, 161°55’N) and Point Barrow (71°20’N, 156°40’lJ) and seaward to the pack
ice edge. A chart of this study area is shown in Figure 1. A few stations were
‘occupied at Harrison Bay in the Beaufort Sea. (See Figure 9.)

The bathymetry of the Chukchi Sea has been discussed by Creager and Mc}fanus
(1966) . The Chukchi is a continental shelf sea, essentially flat with depths
generally <60rn. The most proxinant feature in the northeast Chukchi Sea is
Barrow Canyon with depths >50m found as far south as Cape Franklin. The canyon
shows a sectional asymmetry, with the steepest side next to the coast.

The most comprehensive analysis of the physical oceanography of the Chukchi
Sea to date has been that of Coachman et al (1976). Using data from the cruises
of the NORThTJIND  (1962), BROW BEAR (1960), NORTHWND (1963), GLACIER (1970),
and OSHORO MARU (1972), they have based their analysis on two regional water mass
groupings, ACW (.Alaskan Coast Water) and BSW (Bering Sea Water). In the summer
13SN (1-7”C, 32.2-33.0 o/oo) dominates the central and western part of the Chukchi
sea. ACW (2-1O”C, <32.2 o/oo) is found in the eastern part of the sea with a
recognizable demarcation between it and BSW. The ACW is characterized by lateral
grad.?tion  from a relatively cold and saline faction on the ~?est, to a warm and
less saline faction close ‘co the coast.

The A(XJ flows north along the Alaskan coast. Near Icy Cape, data from
Flemi:.:< and Heggarty (1966) show that ACW is often found to spread above a colder,
more saline water. They interpreted the cold water to be residual Chukchi Sea
winter water.

Current measurements of the surface waters of the Chukchi Sea north of
Cape Lisburne are few. The most comprehensive measurements are those from the
BRO!TN BEAR (Fleming and ‘deggarty, 1966) and the OSHORO MARU (unpublished, 1972).
Most of the measurements t:ere of durations of less than one hour. The observa-
tions re\7eal that in the samer surface (0–10m) currents along the Alaskan coast
flow northerly parallel to the coast. Speeds of 15 to 25 cm see-l are indicated.
Near Point Hope there is an acceleration of the flow (@Ocm sec -1) . Another
small acceleration appears to occur near Icy Cape (~30cm sec -1.) , The few
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ceasucenents of” currents indicate a considerable complexity and great variability
i? t?.? flow. Aagaard (1964) reports that offshore of the northeast coast when
,,:inds were from the south~?est, the surface flow was about 20-50cm see-l toward

1 the r.ortheast. When the winds were from the northeast, the surface flow was
sLo-,:2d or reversed.

~,t:i%$~man et al, (1974) have examined current flow in the nearshore region

)
oi che northeast Chukchi Sea. The currents appeared to be wind driven and
s~-;~rely <ontrblled  by bottom tomography. The mean velocity of flow for July
a~.z -Ausu <.: was 21.8cm see-l to the north. A small semi-diurnal tidal component
-6.2s pre>t::]i.; the am?licude  was only a’:, Jut lcm see-l. A major feature of the
sc;.;zr  flow was significant reversals in direction associated with changes in
wi?.d direction.

No conphensive  picture of the surface water motions in the northeast Chukchi
Se.z can be obtained from the. sczitered measurements discussed above. Location
0? stations have been hampeced ia che past by the presence of ice. Even in the
s~--=~, the polar pack is never far off the coast and can advance onto the shore
usxally in response to northerly and northwesterly winds. In addition, because
of t5e_ drzft of the icebreakers from which most of the data are obtained, few
~easurements have been taken shoreward of the 20111 depth contour.

Long-term wind data are available from two locations along the northeast
Cnukchi Sea coast: Cape Lisburne and Barrow (Figure 2). The predominant summer
-.’ixds Zre from ths east-northeasz and are dominated by the presense of the Polar

Wind speed rarelyHi~h centered in :>e eastern 3eaufort Sea (Campbell, 1965).
exczzds 10n see-l in che surmer. Southwesterly winds occur a30ut30 percent of
A-.Lf?~ ~iz~ and are Czused by the ?zssage of low pressure Sysiems. These storms
originate in either northern Siberia or the Bering Sea (Klein, 1957). During
an a’ierage sumn2r, six or ssvzn 1O-J pressure systems will pass the region affect–
ii~ zhe winds.

Wiad stress ~easurenents have been made over Chukchi Sea waters. Results
by Ralzers (1975) indicates the appropriations of a single drag coefficient to
describe mornentun transfer from the wind to the water. The computed drag co–
s.f~icient was 1.7:<10-3, very sia”ilar to the value (I.4x10–3) of Banke and Smith
(1971) for the Beaufort Sea coastzl waters.

SL3F.ACE CURRENT EXPERIMENT

Thz surface current study along the northeast Chukchi Sea coast was con–
dcxtzd using air-deployed ESCP (expendable surface current probes). The ESCP,
d~-:z:oped by Richardson et al (1972), essentially consists of a plastic tube
containing two floats, each with a dye packet, and a timing mechanism which
releases the floats once they have reached the bottom of the body of water into
which they have been dropped. At a preset time, a red plastic float is released,
~zi lzter a white plastic float is released. These floats rise under their own
‘b”ca>-zncy  , and upon surfacing, the floats disperse a bright yellow-green fluores–
c25n dye at the surface. Assuming that the current from the surface to the
bottom has not changed during the delay time (%3 minutes) between float releases
and that the floats rise at the sane rate:
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where ~s is the surface current,
+
XR~{ is the vector separation between the red

)

and \?hite floats, and tD is the time delay between their releases. The direction
of flow is the heading from the white float eo the red float.

I
The ESCP’S were launched from an open door of a HH-52 helicopter hovering

at 8m c,bove the water. A second helicopter follows at the appropriate time at
30PR2 and photographs the dye marks on the surface. The aerial photographs were
o->tained  with two nadir-viei.iing, motor-driven, 70mm Hasselblad cameras mounted
side by side on a frame nounted in the door of the helicopter. One camera was
eqa<pped with ordinzry dzylight color film. The other camera contained black–
ard-whi’-t? film and was equipped with a green filter. A total of 3 to 4 frames
wc?re tak’m at each probe drop station. The helicopter always flew on a heading
from white to the red float.

The photographs fron each station are screened to determine the one most
suitable for further analysis. The chosen photograph is then expanded to 2X for
easier removal of the information. A Cartesian coordinate sys!.::m is superimposed
oz the photograph and the X and y positions of the floating dy~? sources are
determined. These position locations along with the helicopter’s altitude and
heading are then used to obtain distance and direction between the two floats.
This data along wi:h the tine delay (preset) is then used to compute current
speed and direction. The ~ccuracy of the reading system for photographs taken
at an altitude of 300m is +2m. Float separations are typically 75m.—

v
A total of 167 surface current speed-and-direction measurements were

collected along the nort>east Chukchi Sea coast bstween 6 and 19 August 1976
(Figure 1). The neasurenm.ts were taken along transects perpendicular to the
coast. Each transect contained 10 stations (unless the pack ice limited the
amount of open water). Position of drop stations was determined by using the
ship’s search radar and vectoring the helicopter to the site. Station locations
are probably accurate to +2km offshore and +0.5km inshore..— —

Climatological data were collected hourly onboard the CGC GLACIER during
the entire study. The ship was never more than 37km from the most distant surface
current station. Hourly wind data was also obtained from Barrow, Alaska.

During the study, hydrographic stations \?ere occasionally taken for another
project (RU #359). That data will be used in this report to determine the
hydrography of the region during the current measurement study.

RESULTS

)
Water Properties

Analysis of the hydrographic  data collected for project RU #3.59 agrees
with descriptions given for the area. ACN (Alaskan Coast Water), characterized
by salinities <32.0 o/oo, was found from the surface to 20m at those stations



south of Cape Franklin and from surface to 15m at those stations north of Cape
F~”:f<lin  (Fi&ure 3). ACW was found overlying a cold (<O°C), saline (>32.0 o/oo)
wazur at all the stations. This cold water is probably residual Chukchi Sea
k-inter water. (See Flening and ‘deggarty, 1966.)

The pcynocline between 15 and 20m creates a dynamic barrier to con–
.,reccton affecting the dispersion of any potential oil. spill. First it will
Iinit the layer through ‘.chich the ~-ind drift current can act. Consequently,
the :cind drift tcurrent in time My approach a constant velocity through the
e;’:ire shallo-w surface layer (assu~ing the upper layer is not affected by semi-
p::znent currents). Second, it will affect the rate and depth of descent of
ths oil after it has lost its volztile and

Winds observed at Barrox and the
?~ere appears to be good agreement  between

light fractions.

CCC GLACIER are shown in Figure 4.
the winds observed at the two sta–

tions. As expected, there are s~all differences in speed a~d direction. The
Tncreaszd effect of friciion over land compared to over sea will cause the wind
cn’~r lznd to be slower (this is evident in the record for the period of 7-13
A-ugust) and cause a grezter deflection in direction.

Three low pressure syste~s passed through the study area on 8–1.0,
13-16, and 17–18 August. The wiods associated with the systems all showed the
sz>e pattern: a shift from eastsrly winds abruptly to northerly and more
gradually to westerly. Wind spesd increased as the storms entered the area
.aad decreased as the storm passeti by. It must be emphasized that the wind
=zzsure?.e~.ts at s~a reported her~ zre for a relatively short sampling period
Zurizg on? month only; nevertheless, the winds in the study area offshore appear
LO correspond closely with the Ezrzow wind patterns. The minor deviations are
probably attributable to the con”>in-ation of land versus sea location and wide
spat:al separation between statians.

Currents

Surface current m,easurenents taken during the periods of 8-9, 11-15,
16, 17, and 20 August are shown in Figure 5 through 9. The currents off the

coast at Nainwright (Figure 5) show a weak and variable flow (5-30cm sec -1)

to~-ard the northeast. This surface flow is part of the Alaskan Coastal Water.
Inshore of the 20m depth contour, the surface flow is opposite in direction to
the offshore currents. Speeds of 5 to 24cm sec were observed. The 8-9 August
period was dominated by easterly to northeasterly winds with these components
ha’iag a mean speed of 8.9m see-l. It should be noted that the winds were pre–
cio~.inaatly  westerly fron 3-7 Augcsc. The currents in Figure 5 probably represent
a transient state. According to Ehan (1905), a wind-driven current in shallow
“~ater nzar a coast should reach steady state within 1 or 2 pendulum days.

Three transects were occs~ied on 11 August off Icy Cape (Figure 6).
T’ne Lzteresting feature is the a~ticyclonic gyre located inshore of the ACW
flow and in the lee of Icy Cape. The diameter of the gyre is estimated at 20km.
In the southern Chukchi Sea an anticyclonic eddy has been observed in tile lee
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~. che Point Hope-Cape Lisburne peninsula (Ingham and Rutland, 1971). Thus
i is not surprising th~t an eddy should be found in the lee of Icy Cape.
Hw.; ever, this is the first documentation of this feature.

The major feature of the surface currents observed off Peard Bay
(Figure 6) is a a three “banded” current regime: a southerly flow inshore
and offshore separated by a northeasterly flow. Previous evidence of the
southerly flow offshore only 70km from the coast does not exist in the liter-
ature. Speedstof 30 to 71cm see-l were measured. There appears to be a
general acceleration of the northeasterly flow (to %55cm see‘1) near Cape
Franklin.

The currents measured off of Point Barrow on 16 August (Figure 7)
show the ACN flow to be found close to shore and to exhibit an acceleration
in spzed. The currents just east of Point Earrow and near shore appear to be
b:!.?d drivem. The winds on 16 August were predominantly westerly. Current
dirtction  was to the northeast. Those stations were nearly reoccupied on
17 August (Figure 8) whe~ the predominant winds were southeasterly. The current
direction was to the northwest.

‘lilree transects were occupied near
on 20 August (Figure 9). Wind direction was
currents show a flow offshare. The currents

Cape Halkett in the Beaufort Sea
predominantly southeasterly. The
in the southern end of Harrison

Bay apz+ar to be controll.i  by bottom topography. Current speeds (3–27cm sec-1)

and direction suggest the surface flow is wind driven.

DISCUSSION

A study of the surface currents along the northeast Chukchi Sea coast in
August 1976 shows that the flc)i~ is dominated by the northeasterly flow of ACW. “
This relatively warm current has its source in the Bering Strait (Coachman
et al, 1976). This warm coastal current is close to the coast and narrow. It
is as narrow as 25-40kn in places and even narrower (%20km) near Point Barrow.
The highest current spee~s were observed near Cape Franklin and Point Barrow.
The current seems constrained to follow bottom contours. Once
current reaches Point Barro-~, the current turns sharply to the
east of Point Barrow again following the bottom contours.

It is interesting to note that northeasterly winds during

the warm coastal
right 401cm north–

the study period
(3 to l(lm see-l) were-not intense enough to cause current rev~rsal of the-warm
coastal current. On 8-9 August during northeasterly winds (mean of 8.9m sec -l),

the surfice flow was reduced in speed and variable in direction, but did not
reverse.

lhring periods of easterly-northeasterly winds , nearshore currents were
found to flow towards the south parallel to the bottom topography, as one
would expect from Ekman dynamics (Ekman, 1905). During westerly winds the
nearshore  currents were northerly just south of Barrow. A scatter diagram for
wind speed versus current speed is shown in Figure 10, The linear correlation
between wind and current speed yields a correlation coefficient of +0.77 at
the 0.95 confidence level. The relationship is of greater significance than
is indicated by the numerical coefficient, since the effects of time lags in
the response of the currents to changes in the wind regime are not taken into
account.
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A s.:ztter diagrzn for wind spesd versus current speed for the surface
currents uf eastern Harrison Bay is shown in Figure 11. It should be mentioned
chat this diagraim only represents the relationship of the currents to the wind

1
‘.:ken the winds are from the south. Although there is an obvious qualitative
c:.rrelation  between high wind speed and high current speed, the data do not
~xstify any attempt to fit a curve through the sample points.d

)
Analysis of the surface currents inside the 18m cIepth contour taken in

.%ugust 1976 in ~ihe Chukchi Sea show a southerly flow under the influence of the
?re’;ziling  easterly-northeasterly winds and that this flow is reversed with
Iiztle observable tine lag when the wind is from the southwest or west. The
statistical correlation between wind and water movement gives a means for pre–
dieting the rate of movement of pollutants released into this arctic coastal
2n~.’i . ‘~nment.

The southwesterly surface current flow seaward of the warm northeasterly
flc~lhas not been described in the literature. Current speeds greater than 70cm
Szc ware measured indicating that the wind is not the primary driving force.
There is no way to determine fron this data whether the current is a semi–
per~~ne~t or a tr~n~ient feature. There is some circumstantial evidence that
zh2 s~u:l?erly  flofd occurs in May axd June. Drifter buoys released into the ice
as ?~rt of the A19J5X ice drift studies were found to drift from the Beaufort
Sea south ir,to the Chukchi Sea and then reverse back to the northwest in late
Juze and early July (Bob Pritchard, personal communication).

The importance of this southerly flow is that if oil moving offshore or a
spill were to occur offshore, oil could become entrained into the current and

)

3E czrried south rather thaa north as the surface currents closer to shore might
su~gsst .

Transport pe~ unit width of tlhe water column (n 2 sec‘1) was calculated
30X the transects off Peard Bay (Figure 6) to examine in more detail the three
“bza~~d” curren~ (Figure 12). The two southerly current regimes are quite
ewid~xt indicati~g that the flow also occurs at depth. Mass transport was
calculacecl (Table 1) for each section. The totals shows that the offshore
sout”fl.erly flow do~.iaated. The transport (Sv) for the area is shown in Figure
13.

This should not be treated as representative of the transport for this
srea. L?e know that transports through the system can vary by a few tenths of
a Se~’erdrup  in one or two days (Couchman et al., 1976). However, the caI.cula–
tions do give som$ quantitative as~ects of the passage
~0 the south.

TABLE 1

TRMSPORT (Sv; + = north) THROUGH SECTIONS

of this offshore ~?ater

OFF PEARD BAY
(STATION XLT{BERS FROM APPENDIX)

NEARSHORE FLOW CO.4STAL CURRENT—— OFFSHORE FLOW

-0.1 0.2 -0.6
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SLMMARY

Our knowledge of the surface currents of the northeast Chukchi Sea is
quite inadequate for forec~sting  the flow. This stems largely from the lack
of a dedicated oceanographic program to the area. Because of this lack of
knowledge, only a descriptive approach can be taken for presenting the observed
conditions rather than an analytical approach to understand processes.

T??: domirdnt surface flow in the northeast Chukchi Sea is the warm coastal
currenc v:!lich originates in the Bering Strait and flows toward the northeast
turn;..~g  to the r~::ht into the Beaufort Sea northeast of Point Barre:. This
current can be c:.. ..~ified as a semi–permanent flow showing slowing and sometimes
reversal for shor periods especially during northeast winds.

A~ anticyclo~ic  ediy has been observed in the lee of Icy Cape. The
fil:.>?~tance of this feature is that it can be a “trap” for oil spilled on the
ar<::. fiore data is needed to determine if this eddy is a semi-permanent
featcre like the eddy in the lee of Point Hope-Cape Lisburne.

Nearshore currents alon~ the northeast Chukchi Sea coast are wind driven
and show a southvestsrly flow under the influence of easterly-northe,mterly
w!.1.Is  and northeasterly flow during westerly-southwesterly flow. Aaalysis of
tk.-:se nearshore currents with the winds produced a means of predicting the rate
‘of movement of oil spilled into this area. This means of predicting local wind
drift current patterns should have considerable utility until more precise know-
ledge of the coastal currenzs is available.

) The southwesterly current observed 70km off the Alaskan coast is an unknown
feature. Current data presented by Coachman et al (1976) suggest southerly flOi.J
in the north central region of the Chukchi Sea near 16401!. There is no evidence
to indicace that the flow in the central part of the sea has shifted closer to
the Alaskan coast. Future study of this southwesterly flowing current is necessary
to determine the processes affecting the flow.
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