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CURRENT-MAPPING RADAR PROGRAM

Progress Report 1 January 1977

I. Abstract

The first simultaneous two-site data were obtained in mid-October
of 1976. Surface current maps were generated by combining the data from
the two sites, one at Fort Lauderdale and one at South Mission Beach.
This map shows surface currents consistent with previously measured
Gulf-Stream flows in the area off the southern coast of Florida. To this
date, two-site data have been taken on October 19, 20, 26, 27, 28, 29, 30
and December 14. An example of the map is shown at the back of the report.

At this time, there is no direct supporting surface current mea-
surements made during our radar operations. However, the results are con-
sistent with the general magnitudes, directions, and shear of the Gulf
Stream in that area, giving confidence that the radar system and data
processing techniques are working properly.

II. Objectives

The primary objectives of the program has been twofold: (i) to
implement a proven radar concept into a transportable, easily assembled
and operated pair of units capable of producing a map of near-surface
currents on location in real time, and to calibrate the system as to its
accuracy; (ii) to operate the radars at coastal areas of interest along
the Gulf of Alaska seacoast in support of the OCSEAP objectives in physical
oceanography. It is planned that the first Alaskan operations of the radar
unit-pair will be in the Lower Cook Inlet, with one site near Anchor Point
(above Homer), and the other at Point Naskowhak (near Seldovia). Ex-
periments may be conducted in other areas of Alaska and the continental
United States in conjunction with other research groups for specific
scientific purposes, such as correlation of observed oil trajectories
with the output of our radar.

Other objectives of the current mapping radar program for the next
calander year are to: 1) Improve the reliability of existing hardware,
2) Optimize the field software through ground truth testing, 3) Determine
the accuracy of the maps via ground truth testing, 4) Interpret current
data from Alaska.

I1I. Field Activities

1. A major milestone point in the Florida field tests was reached
on 24 July: namely, experimental evidence that the field radar system
works! A summary of the details of accomplishment is the following. Signals
were broadcast and received through the antenna system, converted to digital
bit streams, filtered, and Fourier-transformed in the field in real time.




The outputs are digital sea-echo Doppler spectra for different ranges.
These spectra contain all of the information about the surface currents,
which are deduced therefrom by mathematical formulas already tested in
software form in the laboratory. The several sets of Doppler spectra

we measured thus far contain all of the identifying features of the

Gulf Stream, indicating that the basic operation of the system was proper.

2. A second major field event consisted in moving the entire radar
unit to the beach and operating it from a van with power from a portable
gasoline generator; field operations in this mode were conducted for
nearly one week, with no serious interruptions due to hardware failures.
Of further interest is the fact that the team continued these operations
throughout a tropical storm (which later became a hurricane), with winds
of 50 knots and waves of 15 feet. Much of the time the antennas on the
beach were awash, but data continued to be recorded. Sea-echo signals
were detected to ranges exceeding 90 km. The very harsh conditions
encountered during this three-day period in Florida will most likely
exceed those anticipated in Alaska. Hence the continued operation of the
radar during this period gives us confidence that the system should function
well in the future.

Later field operation at two sites were in the Miami-Ft. Lauderdale
area in October and December and has resulted in two-site surface-current
maps. Direct comparisons of drifter measured surface currents were not
possible until March because of weather or because the ship was unavail-
able. However, the early results are consistent with the known Gulf-Stream
patterns; the fact that the system produced there results in an indication
that the agreement between the radar output and other surface current
observations in the upper 50 cm of the ocean will be close. To this date,
two site data have been collected on October 19, 20, 26, 27, 28, 29, 30,
December 14, 1976 and the week of March 20, 1977.

The drifter comparisons to establish the current map accuracy
involved returning to Florida, and taking surface current observations
with the dual-site radar simultaneous with a surface drifter observations.
The drifters were put into the water at various distances from shore and
tracked with a ship for about 15 minutes to determine the surface velocity.
This was done on a line halfway between the two radars from 10 km at the
nearest point from shore to a maximum of 60 km.

Preliminary analysis shows a good comparison with the radar derived
velocity fields.

IV. System Design, Construction, Calibration and Modifications
During the past year the following tasks were accomplished:

1. Designs. All system-level designs have been completed. All of
the hardware components being constructed in-house were designed.




2. Procurements. Major hardware items which were purchased commercially
include: (i) the electronic laboratory test gear; (ii) computer support
facilities; (iii) the radar receivers; (iv) the mini-computers for the
field units. All of these major hardware items have been delivered.

3. In-House Fabrication. Several hardware items were designed and
constructed in-house. These included: (i) transmitter-drivers; (ii)
transmitter power amplifiers; (iii) receiving antennas; (iv) trans-
mitting antennas; (v) radio telemetry gear (between sites); (vi) fast
Fourier-transform digital hardware; (vii) array-processing digital
hardware; (viii) data-acquisition board, consisting of the sample and
hold circuits, the analog-to-digital converters, and the digital pre-averag-
ing circuits; (ix) semi-conductor buffer memory; (x) graphic display hard-
ware; (xi) systems-integration hardware, including special high-efficiency
power supplies, power sequencing circuitry, and fault-analysis circuitry.
All of these items were built and checked out in their final form for the
field units.

4. System Integration. All of the hardware items which were procured
or fabricated in-house were assembled into the two units constituting the
radar pair; this assembly was completed 15 June. The only item which was
not integrated into the field units is the fast-Fourier transform pro-
cessor; for the present, this function is being done by minicomputer
software. Each radar unit consists of two weather-proof fiberglass cases
containing shock-mounted racks; these racks contain all of the RF and
digital gear necessary for producing real-time current maps in the field.
Each case stands 44 inches high and weighs about 175 pounds, capable of
being handled in the field by two men.

5. System Performance Analyses. Based upon the system design speci-
fications, an analysis of system performance was completed. This study
shows that the maximum range from each radar unit should be of the order
of 70 km. An analysis of azimuthal angle-of-arrival accuracy shows that
insignificant position errors will result when signal-to-noise ratio
exceeds 10 decibels. An optimization study indicates that the ideal
separation between the two units is approximately 40 km.

6. System Software. Integration of operating-system software for
control of the various hardware components was completed. Graphics and
display software (for making on-site current maps) has been completed.
The radar-signal data-processing software was completed and checked out.
This software has already operated satisfactorily in the field.

7. System Simulation. Using the graphics/display software and the
signal data-processing software, simulations were run in the laboratory.
These simulations — instead of using actual radar signals — employ
simulated signals consisting of the (random) sea-echo signal and a (random)
noise signal, as would be received by the actual radar at each of the




three antenna terminals. The sea-echo signal includes the effect of the
current pattern on the Doppler shift. Any desired current pattern can be
inserted on the signal. These simulated signals are then processed by

the same software to be used in the field. Hence, such simulations permit
one to: (i) debug and check out the system software before actually going
into the field; (ii) obtain a feel for the accuracy of the output product
(i.e., the current maps); (iii) modify and improve the system software
where certain inaccuracies and weaknesses are detected from the simulations.

8. Antennas. The transmitting antenna system was conceived to be
moderately directive, so that (i) higher signals could be obtained from
desired ocean regions, and (ii) signals from unwanted areas (for example,
behind the radar) could be eliminated. A design study contract was given
to Lawrence Livermore Laboratories, which has an international reputation
in the area of numerical antenna analysis. Based on their study (now
completed), we selected and constructed Yagi monopole antennas consisting
of both three vertical elements (for a wider pattern) and four vertical
elements (for a narrower pattern). (The vertical elements are about 9
feet high, and the entire device can be erected on the beach in about
1/2 hour.) The antenna has been checked out electrically, and the
measured parameters agree very closely with those predicted by Livermore.
(The agreement was far better than expected.)

The receiving antenna system consists of three short elements. While
one version has been built and checked out, we redesigned (in-house) this
antenna system to be much smaller and more lightweight. The receiving
antenna dimensions are much less critical than those of the transmitting
antenna. ‘

9. Operating Frequencies. We have recently received frequency
allocations from IRAC for all of our upcoming operations. We are permitted
to select any frequencies in the band between 25.330 and 28.000 MHz; these
allocations we presently consider satisfactory for all of our operationms.

10. Theoretical Analyses. Several non-system, oceanographic factors
will limit the accuracy of the system for measuring near-surface currents.
One of these is the nonlinear interactions of surface waves, which generate
Doppler-shift errors that are not associated with the currents. Examina-
tion of this mechanism theoretically shows that such errors — expressed
in terms of radial current velocity — can always be expected to be less
than 10 cm/s, with typical errors of the order of 5 cm/s.

11. Modifications. Repairs have been made to some of the components
corroded by the humid salt air of Florida. Steps were taken to improve the
reliability in the field, and modifications were made to bring the nearest
range gate closer than 12 to 15 km from shore. The receiver was modified
in order to obtain better signal-to-noise ratios at the near ranges, and
this will possibly improve this ratio at the more distant ranges.




Because of problems with antenna cables, antenna switches were
built to eliminate two of the four receiver antenna cables. Before
that, they had to be within 1/4 inch in length relative to each other, a
difficult task when each cable is 1500 feet long. Special care had to be
taken not to stretch them when moving them. These switches are now
located at the antennas, and thus the extra two cables can be elimi-
nated; mismatched cable lengths will therefore no longer be a problem.

Additional work done on the system since returning from Florida
includes a new calibration circuit to check-out the entire data flow
loop, a new lighter power supply, a modification of the solid state
buffer to reduce parity errors, and a new video display that can plot
the time series data and FFT in real time. The latter will be useful
for ascertaining that the data is good.

Since the October tests much effort has been devoted to software
development for the field system. This involves various kinds of signal
processing techniques of the two-site data to remove some of the random-
like fluctuations from the derived currents. These techniques include
the averaging of several two-minute runs together, statistical threshold-
ing tests, and filtering techniques. New data from other locations are
now needed to verify how these techniques work where the flow is not as
uniform as the Gulf Stream. Another concept is being tried to increase
the area covered by the two radars. The software for these techniques
has been completed.

V. Results

Appended to this report are surface current maps, perhaps the most
concise form of our results so far. This shows part of the Gulf Stream
between the Miami-Ft. Lauderdale area. The first one, Fig. 1, show the
results with little signal filtering to remove the noise, the second,
Fig. 2, is the result of more signal processing. Both of these were
made from the same data taken on October 20, 1976. The long line denotes
the shoreline, and the two lines perpendicular to the shore line denote
the location of the sites at Ft. Lauderdale and S. Miami Beach.

VI. Preliminary Interpretations of Results

In the map, one can see a definite increase in the current magnitude
as a function of the distance from the shore. The maximum current is
about 2 m/s. Publications by Duing and others show that these values
are reasonable, but are subject to some temporal variations. We did
observe a variation of as much as 50% in the magnitude of the current
during the times of our observations.




VII. Problems Encountered/Recommended Changes

-Most of the problems we have encountered thus far have been hard-
ware related. Since returning with the radars to Boulder, effort has
been made to eliminate these problems in the field. We found the very
moist salt air to be the most damaging to the hardware.
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Reduced data from Ft. Lauderdale and Miami Beach with no numerical
processing. The two vertical lines represent the separation between
Ft. Lauderdale and Miami Beach.
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INIRODUCTION

A knowledge of the surface current patterns along the north Alaskan coast
is of both economic and environmental interest. The discovery of oil reserves
along the coast has 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
0il during the )summer 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 Beaufort Sea coasts was attempted from helicopters from
the icebreaker USCGC GLACIER. The objective of this report is to describe the
suvface circulation during open water.

DESCRIPTION OF STUDY AREA

The investigation was conducted primarily in the region between Icy Cape
(70°09'N, 161°55'W) and Poiat Barrow (71°20'N, 156°40'W) 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 thz Chukchi Sea has been discussed by Creager and McManus
(1966). The Chukchi is a continential shelf sea, essentially flat with depths
generally <60m. The most prominant feature in the northeast Chukchi Sea is
Barrow Canyon with depths >30m 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 Chukehi
Sea to date has been that of Coachman et al (1976). Using data from the cruises
of the NORTHWIND (1962), BROWN BEAR (1960), NORTHWIND (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
BSW (1-7°C, 32.2-33.0 o/0o) dominates the central and western part of the Chukchi
Sca. ACW (2-10°C, <32.2 o/00) is found in the eastern part of the sea with a
recognizable demarcation between it and BSW. The ACW is characterized by lateral
gradation from a relatively cold and saline faction on the west, to a warm and
less saline faction close to the coast.

The ACW flows north along the Alaskan coast. Near Icy Cape, data from
Flemiu and Heggarty (19656) show that ACW is often found to spread above a colder,
more ualine 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 -
BROWN BEAR (Fleming and Heggarty, 1966) and the OSHORO MARU (unpublished, 1972).
Most of the measurements ware of durations of less than one hour. The observa-
tions reveal that in the summer surface (0-10m) currents along the Alaskan coast
flow northerly parallel to the coast. Spceds of 15 to 25 em sec™! are indicated.
Near Point llope there is an acceleration of the flow (V40cm sec"l). Another
small acceleration appears to occur near Icy Cape (v30cm sec“l). The few
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measurements of currents indicate a considerable complexity and great variability
in the flow. Aagaard (1964) reports that offshore of the northeast coast when
winds were from the southwest, the surface flow was about 20-50cm sec™! toward
the northeast. When the winds were from the northeast, the surface flow was
slowed or reversed.

Wisoman et al. (1974) have examined current flow in the nearshore region
oi the northeast Chukchi Sea. The currents appeared to be wind driven and
severely tontrélled by bottom topography. The mean velocity of flow for July

nd August was 21.8cm sec™! to the north. A small semi-diurnal tidal component
was preseut; the amplitude was only about lem sec™l., A major feature of the -
sutnmer flow was significant reversals in direction associated with changes in
wind direction.

[\

No comphensive picture of the surface water motions in the northeast Chukchi
Sez can be obtained from the scattered measurements discussed above. Location
of stations have been hampered in the past by the presence of ice. Even in the
suzzer, the polar pack is never far off the coast and can advance onto the shore
“usually in response to northerly and northwesterly winds. In addition, because
of the draft of the icebreakers from which most of the data are obtained, few
neasurements have been taken shoreward of the 20m depth contour.

Long-term wind data are available from two locations along the northeast
Chukchi Sea coast: Cape Lisburne and Barrow (Figure 2). The predominant summer
winds are from tha east-northeast and are dominated by the presense of the Polar
High centered in the eastern Beaufort Sea (Campbell, 1965). Wind speed rarely
exceads 10m sec~l in the summer. Southwesterly winds occur about 30 percent of
th2 time and are caused by the passage of low pressure systems. These storms
originate in either northern Siberia or the Bering Sea (Klein, 1957). During
an average summer, six or seven low pressure systems will pass the region affect-
ing the winds.

Wind stress measurements have been made over Chukchi Sea waters. Results
by Walters (1975) indicates the appropriations of a single drag coefficient to
describe momentun transfer from the wind to the water. The computed drag co-
efficient was 1.7x10-3, very similar to the value (1.4x10'3) of Banke and Smith
(1971) for the Beaufort Sea coastal waters.

SURFACE CURRENT EXPERIMENT

The surface current study along the northeast Chukchi Sea coast was con-
ducted using air-deployed ESCP (expendable surface current probes). The ESCP,
developed by Richardson et al (1972), essentially consists of a plastic tube
ceataining 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,
and later a white plastic float is released. These floats rise under their own
buoyancy, and uvpon surfacing, the floats disperse a bright yellow-green fluores-
cein dye at the surface. Assuming that the current from the surface to the
botton has not changed during the delay time (v3 minutes) between float releases
and that the floats rise at the same rate:
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where Vg is the surface current, xgy is the vector separation between the red
and white floats, and tp is the time delay between their releases. The direction
of flow is the heading from the white float to the red float.

}

The ESCP's were launched from an open door of a HH-52 helicopter hovering
at 8m above the water. A second helicopter follows at the appropriate time at
300m and photographs the dye marks on the surface. The aerial photographs were
obtained with two nadir-viewing, motor-driven, 70mm Hasselblad cameras mounted
side by side on a frame nounted in the door of the helicopter. One camera was
equipped with ordinary daylight color film. The other camera contained black-
and-white film and was equipped with a green filter. A total of 3 to 4 frames
were taken at each probe drop station. The helicopter always flew on a heading
from white to the red float.

The photographs from 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 syst~m is superimposed
on the photograph and the X and y positions of the floating dye 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 with the time delay (preset) is then used to compute current
speed and direction. The accuracy of the reading system for photographs taken
at an altitude of 300m is +2m. Float separations are typically 75m.

A total of 167 surface current speed-and-direction measurements were
collected along the northeast Chukchi Sea coast between 6 and 19 August 1976
(Figure 1). The measurements 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 were 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 #359 agrees
with descriptions given for the area. ACW (Alaskan Coast Water), characterized
by salinities <32.0 o/oo, was found from the surface to 20m at those statioms
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south of Cape Franklin and from surface to 15m at those stations north of Cape
Fruonklin (Figure 3). ACW was found overlying a cold (<0°C), saline (»32.0 o/oo)
water at all the stations. This cold water is probably residual Chukchi Sea
winter water. (See Fleming and Heggarty, 1966.)

The pcynocline between 15 and 20m creates a dynamic barrier to con-
vection affecting the dispersion of any potential oil spill. First it will
linit the layer through which the wind drift current can act. Consequently,
tne wind drift'current in time may approach a constant velocity through the
envire shallow surface layer (assuning the upper layer is not affected by semi-
pernanent currents). Second, it will affect the rate and depth of descent of
the oil after it has lost its volatile and light fractions.

Tinds

Winds observed at Barrow and the CGC GLACIER are shown in Figure 4.
There appears to be good agreement between the winds observed at the two sta-
tions. As expected, there are snall differences in speed and direction. The
increased effect of friction over land compared to over sea will cause the wind
over land to be slower (this is evident in the record for the period of 7-13
August) and cause a greater deflection in direction.

Three low pressure systens passed through the study area on 8-10,
13-16, and 17-18 August. The winds associated with the systems all showed the
sane pattern: a shift from easterly winds abruptly to northerly and more
gradually to westerly. Wind spead increased as the storms entered the area
and Jdecreased as the storm passed by. It must be emphasized that the wind
neasuremnents at sea reported here are for a relatively short sampling period
curing one month only; nevertheless, the winds in the study area offshore appear
to correspond closely with the Barrow wind patterns. The minor deviations are
probably attributable to the comdbination of land versus sea location and wide
spatial separation between stations. ‘

Currents

Surface current measurements 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 Wainwright (Figure 5) show a weak and variable flow (5-30cm sec'l)
toward the northeast. Tnis 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
having a mean speed of 8.9m sec™l. It should be noted that the winds were pre-
dominantly westerly from 3-7 August. The currents in Figure 5 probably represent
a transient state. According to fxman (1905), a wind-driven current in shallow
water near a coast should reach steady state within 1 or 2 pendulum days.

Three transects were occupied on 11 August off Icy Cape (Figure 6).
The interesting feature is the anticyclonic 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 the lee

16




LT

TEVIP -1.0
0

. . 5.0 5.0
T l-‘:\ T T T T 0
S\
AN
s\\:\
10+ RO 10
2.
~~:>~\
20t ~q~ 20k
\“ \\
(Y P
A H
30 vl 30} 1 l
] [
o I
- !
£ aor a0 il
X ' l
- ) ‘
o H
a 50F TEMP - 5oF 5 I\
~——— SAL Vo
————— Ot .
60 60! ': 1
STATIONS STATION 11 E |
|
701 70t P
(a) (b) |
o
i |
T
90+ 90+ § ll
i
100 i { L 1 1 1 100 ! 1 t } L+ 4
SALINITY 28 29 30 31 32 33 34 28 29 30 31 32 33 34
SIGMA -+ 22 23 24 25 26 27 28 22 23 24 25 26 27 28
Figure 3. Temperature,

salinity and sigma-t of stations 5 and 11.




o
- & 8 g =
& t3
- b 3
..n 6
pd o W
- - —
a ® e
J W
- - =}
in n ¥
- ! <
e - o
- - m
0 o (@]
L - A
o - ]
(&)
b 3
- O
3 - &)
O
b pd
- Q
- - _...N m
b o > b
< % o
= I - Qg5 =1
- - N - - o ] o
- - '-..ln..l.ur-u' - A w
i - e b 5
2 2 2 H
- L e L o
M
3 8 3 o
B I - L
.. - n - w
= 5 S e
7
- - - Q
8 ) 8 ©
0
) ) A 9
:nw .\.. % % W .m
= e - 5 c =
s [~4
. 3 BN 3 3 3 .
= ../. - |ﬁ = ~J
8 i 8 u.,hm.M 8 | g
| \ R L | =)
\ ] o “ w.o
[x] a 8 »
ol , . . A
s § 3 ° w
Ty . Tl + e T & o °
Q o o o o - - =
28 8§ 8 g § 8 . 8§
NO1123Y1a {23s/u1) IUNSSIYUd {03s/w) Q334S

18




162° 160° 158°

71° +

6T

Figure 5. Surface currents off the Chukchi Sea coast at Wainwright, Alaska
8-9 August 1976




0¢

71° +

Figure 6.

162* 160° 158

Surface currents off the Chukchi Sea coast from Icy Cape to Peard Bay

11-15 August 1976



¢° ¢he Point Hope-Cape Lisburne peninsula (Ingham and Rutland, 1971). Thus
it 1% not surprising that an eddy should be found in the lee of Icy Cape.
Howvever, 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, Speeds'of 30 to 7lcm sec™l were measured. There appears to be a
general acceleration of the northeasterly flow (to ~55cm sec'l) near Cape
Franklin.

The currents measured off of Point Barrow on 16 August (Figure 7)
show the ACW flow to be found close to shore and to exhibit an acceleration
in spzed, The currents just east of Point Barrow and near shore appear to be
wind driven. The winds on 16 August were predominantly westerly. Current
dir~ction was to the northeast. Those stations were nearly reoccupied on
~ 17 August (Figure 8) when the predominant winds were southeasterly. The current

direction was to the northwest.

Three transects were occupied near Cape Halkett in the Beaufort Sea
on 20 August (Figure 9). Wind direction was predominantly southeasterly. The
-currents show a flow offshore. The currents in the southern end of Harrison
Bay app=2ar to be controll:i by bottom topography. Current speeds (3-27cm sec'l)
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 flow 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 &35 narrow as 25-40km in places and even narrower (n20km) near Point Barrow.
The highest current speeds were observed near Cape Franklin and Point Barrow.
The current seems constrained to follow bottom contours. Once the warm coastal
current reaches Point Barrow, the current turns sharply to the right 40km north-
east of Point Barrow again following the bottom contours. '

It is interesting to note that northeasterly winds during the study period
(3 to 10m sec'l) were not intense enough to cause current reversal of the warm
coastal current. On 8-9 August during northeasterly winds (mean of 8.9m sec~1),
the surface flow was reduced in speed and variable in direction, but did not
reverse.

During 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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Figure 7. Surface currents off Point Barrow, 16 August 1976.
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A scatter diagram for wind speed versus current speed for the surface
curreats of eastern Harrison Bay is shown in Figure 11. It should be mentioned
that this diagram only represents the relationship of the currents to the wind
when the winds are from the south. Although there is an obvious qualitative
carrelation between high wind speed and high current speed, the data do not
3ustify any attempt to fit a curve through the sample points.

Analysis of the surface currents inside the 18m depth contour taken in

- august 1976 in ithe Chukchi Sea show a southerly flow under the influence of the
prevailing easterly-northeasterly winds and that this flow is reversed with
little observable time lag when the wind is from the southwest or west. The
statistical correlation between wind and water movement gives a means for pre-
dicting the rate of movement of pollutants released into this arctic coastal
envi.onment.

The southwesterly surface current flow seaward of the warm northeasterly
flcw has not been described in the literature. Current spzeds greater than 70cm
sec™l were measured indicating that the wind is not the primary driving force.
Ther2 is no way to determine from this data whether the current is a semi-
perménent or a transient feature. There is some circumstantial evidence that
the southerly flow occurs in May and June. Drifter buoys released into the ice
as part of the AIDJEX ice drift studies were found to drift from the Beaufort
Sea south into the Chukchi Sea and then reverse back to the northwest in late
June 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 oifshore, 0il could become entrained into the curreant and
e carried south rather than north as the surface currents closer to shore might
suggest.

Transport per unit width of the water column (m2 sec'l) was calculated
for the transects off Peard Bay (Figure 6) to examine in more detail the three
"bandad" current (Figure 12). The two southerly current regimes are quite
evident indicating that the flow also occurs at depth. Mass transport was
calculated (Table 1) for each section. The totals shows that the offshore
southerly flow dominated. The transport (Sv) for the area is shown in Figure
13.

This should not be treated as representative of the transport for this
area. We know that transports through the system can vary by a few tenths of
a Severdrup in one or two days (Couchman et al., 1976). However, the calcula-
tions do give some quantitative aspects of the passage of this offshore water
to the south.

TABLE 1

TRANSPORT (Sv; + = north) THROUGH SECTIONS OFF PEARD BAY
’ (STATION NUMBERS FROM APPENDIX)

NEARSHORE FLOW COASTAL CURRENT OFFSHORE FLOW

_o-l 002 _006
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SUMMARY

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

Ths domindnt surface flow in the northeast Chikchi Sea is the warm coastal
current which originates in the Bering Strait and flows toward the northeast
turniayg to the righit into the Beaufort Sea northeast of Point Barrow. This
current can be cl. .sified as a semi-permanent flow showing slowing and sometimes
reversal for shor ' periods especially during northeast winds.

An anticyclonic eddy has been observed in the lee of Icy Cape. The
im.ortance of this feature is that it can be a "trap" for oil spilled on the
arceua. More data is needed to determine if this eddy is a semi-permanent
feature like the eddy in the lee of Point Hope-Cape Lisburne.

Nearshore currents along the northeast Chukchi Sea coast are wind driven
and show a southwesterly flow under the influence of easterly-northeasterly
wirls and northeasterly flow during westerly-southwesterly flow. Analysis of
thaze nearshore currents with the winds produced a means of predicting the rate
of movement of o0il 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 currents 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 flow
in the north central region of the Chukchi Sea near 164°W. There is no evidence
to indicate 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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APPENDIX
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3‘!’? ,i b. LLLC'C LC'ij:lLdzﬂf b-‘:l’i Tfe Sfeg.é ( m/aac.) He.-,z[w’»j ( c'T)

5A 70°47.7' | 159°43.1' | 8 Aug | 1545 | 13.0 267°

5B 70°49.7' | 159°49.4" | 8 Aug | 1547 9.3 017°

5C 70°51.1" | 159°54.1" | 8 Aug 11.8 008°

5D 70°54.2" | 160°5.1' | 8 Aug 5.8 111°

5E 70°55.2" | 160°8.1' | 8 Aug

6B 70°53.2' | 160°9.0' | 8 Aug | 1417 14.6 079°

64 70°48.4" | 159°52.4' | 8 Aug 3.8 178°

7A 70°46.1' | 159°58.3' | 8 Aug 5.6 231°

8A 70°40.3' | 160°17.8"' | 9 Aug | 0956 35.7 306°

8C 70°43.7' | 160°27.9" | 9 Aug |1024

8E | 70°50.4" | 160°52.8" |9 aug |1040 |18.0 115°

8F 70°51.6' | 160°55.5' |9 Aug |1048 8.3 020°

8G 70°53.7' | 161°2.4' |9 Aug |1054

&R 70°54.9' | 161°6.6° |9 Aug |1101

93 70°39.4' | 160°27.5' |9 Aug {1337 32.6 350°

9D 70°45.4' | 160°48.7' |9 Aug |1410 30.3 066°

9G 70°57.2" | 161°28.1' |9 Aug |1457 12.6 032°

9H 70°59.6' |161°36.9' |9 Aug [1503 9.5 048°

164 70°34.6' |160°15.7'. |9 Aug |1648 9.0 190°

108 70°35.7' | 160°19.8"' |9 Aug {1655 15.6 196°

10C 20°39.0' |160°31.1' |9 Aug  |1658 13.3 110°

WF  |70°43.5' | 160°47.6' |9 Aug 1718 211 |osee ~
206 |70°48.6' |161°5.3' |9 aug |1635  |12.8 4 |
103 |70°54.7' |161°25.3' |9 Aug |1758  |31.3  |228° [T
1K |70°56.8% i‘éi"'fﬁ.w 19 aug  [1807 ~ {33.9 071° T
ok [71er1v T |ae1°42.0' |9 Awg |1820 |29.6 “l1o2° o
TSNS R N —— (R R . -
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Sta ,:ﬁ b L(-‘L - i LC-(Q"TL-‘([:C b“\’"i Ti g Sf‘ét’-[ (u"/ﬁt’t) Hc’c,‘c[fhj ( pT)
1K 70°54.3" | 161°42.5" 9 Aug |1830 30.7 111°

1 7004841 | 161°34.6" 9 Aug [1838 33.1 060°

118 70°33.6' | 160°45.2" lO'Aug 1928 11.9 122°

11C 70°38.3" | 161°0.6' |10 4ug |1945 23.6 064°

194 70°23.2" [161°49.4" |11 Aug 0925 6.61 259°

133 70°25.5" §'16l°49.4' 11 Aug }0935 7.82 253°

190 {70°26.3" |161°49.4" |11 Aug 0956 9.81 103°

19E 70°37.8' |161°49.4' |11 Aug (1017 25.0 099°

ASF 70°38.8' |161°49.4' |11 Aug |1025 24.6 016°

196 70°43.6' |161°49.4' {11 Aug |1030 22.1 ) 143°

KSH 70°44.4"  |161°69.4' |11 Aug |1040 26.7 128°

183 70°16.4' [161°26.1' |11 Aug [1403 23.3 228°

18C 70°24.0' |161°26.1' |11 Aug |1408 52.9 238°

13D 70°21.6' |161°26.1' |11 Aug [1416 39.4 233°-

L8E 70°25.6' |161°26.1' |11 Aug [1422 40.0 245°

187 70°26.8' [161°26.1' |11 Aug [1427 53.3 248°

18G 70°32.7' |161°26.1' |11 Aug [L443 14.4 217°

18H 70°36.9" |161°26.1" {11 Aug (1448 12.0 213°

183 70°41.7' |161°26.1' |11 Aug (1458 11.1 210°

18K 70°44.3" |161°26.1' |11 Aug [1505 17.4 150°

1;;m 70°22.3' |160°50.2' |11 Aug [1645 53.0 17°

153 70°27.4" |161°6.7' |11 Aug [1655 46.6 h4,3°

15C 170°29.7" |161°14.6' |11 Aug 1706 |35.5s  Rk3se T
15D [70°31.5' |161°20.7" T[11 Aug (1718 |24.2 p43° T
1 pota.st lie1tas.st Wiawg 731 st pstt
15F 70°36.5" | 161°37.2' |11 Aug h742 13.0 17"
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St TV Latibole | towsibode | bk | Tiue | Spealteontted | Hadioy €T
20D ©71°9.3' | 159°8.0" | 14 Aug |1642 19.2 214°
200 L 71°7.3' | 159°5.8' |14 Aug {1658
208 ) }71°4.7' | 159°3.1' | 14 Aug |1704 64.7 056°
20A §7o°57.o' 158°54.9' |14 Aug |1711 27.0 082°
214 §7o°55.o; 158°43.1' | 14 Aug |1726 7.4 267°
214 L 70s5.00 | 1580431 | 14 Aug |1730 5.0 267°
21¢ £71°2.9' | 158°49.2" |14 Aug {1743 58.8 061°
21¢ §71°2.9' 158°49.2" | 14 Aug |1745 60.0 058°
21D {71°5.7' | 158°50.9' |14 Aug [1750 Failure
21E §7l°7.6' 158°52.3" |14 Aug [1804 55.9 056°
21F ! 14 Aug
216 {71°13.6' |[158°56.9' |14 Aug |1820  |14.5 242° o
226 §7l°16.2' 158°46.4" |14 Aug {2050 44.5 236°
22E i71°10.8} 158°42.0" |14 Aug |2108
22D i71°1.4' | 158°35.1' |14 Aug [2120 23.7 204°
22¢ i70°53.0' [158°28.2"' |14 Aug |2131 17.5 262°
!
23G 71°16.6' |158°25.1' |14 Aug 20.0 249°
I3A 170°50.6" | 158°5.1"7 |14 Aug |2201 5.4 242°
238 ?71°2.3' 158°13.7" |15 Aug |1040 24.9 052°
23C E71°4.1' 158°15.1" 1046 28.1 050°
- 71°5.5!  [158°16.3" 1056 18.7 081°
2E 71°11.6' |158°21.1' 1145 48.1 044
2F 137 |1seeaset | 200 14,0 Jozee | T
238 7117.7 |1s8°26.0" | h2o6 | 3.9 T T Thess T T T
235 LA T sEoa8. 9T [T T T 223 T 36,6 T T T hase T T
23K TTI1°2406" IS8 3 A T IS Aug 1233 T I0L e T  hiees T
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25K 71°76.9' |158°27.4' |15 Aug | 1239  |60.7 {254°

24K 71°29.6' |158°27.1" {1262 |28.0 267°

24/253 71°21.8' |158°21.4" 1301 [32.4 264°

241258 71°21.1' |158°20.3" 1309 [11.2 226°

26 71°16.3" |158°17.3" 1325 |14.1 036°

247 71°14.5' |158%15.7" 1528  |26.1 068°

24F 71°12.8' |158°14.4" 1535 |44.4 081°

24D 71°10.1' |158°12.6! 1541 |25.1 066°

24¢C 71°7.7' |158°10.8" 1550  }20.5 085°

243 71°4.8' |158°8.3" 1558  |10.6 079°

24A 70°55.3' |158°1.8" 1606 8.2 197°

254 71°1.4" [157°54.9" 1629 7.1 332° -

Z25B 112,37 157°56.07 1631 10.1 052%

Z5¢ 71°4.2' |157°58.1" 1634 |21.8 048°

25D 71°8..' |158°3.5" 1644 |21.4 084°

25F 71°12.9' [158°9.1" 40.7 065°

264 71°1.6' [157°39.1° 4.8 200°

268 71°3.7" [157°4L.7" 6.3 00Z°

26C 71°4.8"' |157°43.0" 29.9 034°

26D 71°8.2" |157°47.2" 23.0 065°

26 71°12.8' |157°52.8" 20.8 090°

267 71°15.3" [157°55.9" 26.2 093°

266 | 71°16.2" [157°s7.7+ | | T T Tlzre T fosod T T

260 | 71°18.9' f158°1.6" | T © B S O R 189° 1
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_5"6' ,x b. )m\J., L:lé chj'.w’-vg[f L".‘lt ‘Tﬁ e Spee.é (c.,vﬂ/jc'c> Hqu[ﬁ.j ( pT)
27K 71°33.5' |158°15.4' |15 Aug '
27H 71°26.3' |158°6.4' |15 Aug 108.1 250°
276G 71°24.4' |158°4.0' |15 Aug 51.9 251°
277 71°23.4' |158°2.9' |15 Aug 23.8 234°
294 71°11.5' [157°3.7' |16 Aug |1650 34.2 041°
298 71°13.1' |157°9.9° 1704 11.7 036°
29¢ 71°16.3' ~ |157°22.0" 1710 60.4 059°
29D 71°18.4' |157°29.8" 1720 56.1 078¢
298 71°19.5' |157°34.5! 1734 74.5 061°
29F 71°25.9' |158"0.0" 1744 29.1 295°
296G 71°27.5' |158°5.6' 1752 15.8 294°
30D 71°30.5' |157°24.1° 1814 5.8 189°
30D 71°30.5' |157°24.1" 1815 5.5 185°
30¢C 71°27.8'  |157°13.0" 1820 9.8 084°.
308 71°21.6' ]156°49.5' 1855 87.0 054°
304 71°20.8' |156°46.8" 1907 75.6 052°
1B 71°25.1' [156°34.2" 1943 156.7 045°
1c 71°28.1" |156°34.2" 2006 84.1 041°
'1D 71°29.1' [156°34.2" 2017 17.3 045°
1E 71°32.1' |156°34.2' |16 Aug [2024 46.7 070°
24 710157 |156%6.6' |17 Aug |1620 22.7 151°
28 71°23.7' [156°6.6' |17 Aug |1635 12.2 040°
2C 71°24.7" {156°6.6' (17 Aug |1642 | 25.3  055¢ T T TTTITT
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I. Sugmmary

At least in late winter the currents on the inner shelf appear to be slow,
generally less than 5 cm sec”l, Long-term mean currents are extremely small,
representing net displacements over a week of only 1-2 km. The two measure-
ments made north of Narwhal Island showed these small displacements to have been

west-southwest. Tidal currents are probably not much above 1 cm sec™! in winter.

On the outer shelf an entirely different situation prevails. Measurements made
at 100 m under the ice from May-September showed the flow to reach over 55 cm
sec °, and even over a 3-month period the mean flow was 13 cm sec™! toward the
east. Pollutants reaching the outer shelf at sub-surface depths could thus be
transported 1000 km eastward in three months. The most remarkable feature ob-
served was the dominance of the motion by low-frequency variations with a typical
time scale of 10 days. These oscillations represent bursts of speed as high as
50 cm sec—! or more; they are directed eastward and are aligned approximately
with the shelf edge. Between the bursts there were shorter periods of westward
motion, the maximum observed speed toward the west being 26 cm sec”l.  The cause
of these motions is for the present unknown. Tidal currents are in the neighbor-
hood of 5 cm sec'l, and a diurnal inequality probably prevails at times of high
lunar declination.

The implication of these measurements with respect to the transport and dis-
persal of pollutants on the Beaufort shelf is that the ice-covered inner and
outer shelf represent very different advective regimes. Over the former, currents
are weak and net displacements are small. However, over the outer shelf there
are strong currents and pollutants can be transported very long distances.

II. Introduction

The objective of this work is to obtain long-term Eulerian time series of
currents at selected locations on the shelf and slope of the Beaufort Sea. Such
measurements are necessary to describe and understand the circulation on the
shelf and the exchange between the shelf and the deep Arctic Ocean. This circu-
lation and exchange are in turn the physical mechanisms which transport and dis-
pense pollutants and substances of biological and geological importance. The
water motion also influences the ice distribution and drift. The current time
series must be long enough to define the important temporal scales of motiom.

III. Current state of knowledge

Prior to the previous work, there had been only one time series current
measurement of significant length on the Beaufort shelf. This was from a single
instrument moored in water 54 m deep about 70 km east-northeast of Barrow during
15 days of August 1972. Other current measurements are also from summer and
have been made in water shallower than 20 m; the records are of very short dura-
tion. During the spring and summer of 1973 we obtained two four-month long cur-
rent records from the inner part of Barrow Canyon, whence waters enter onto the
Beaufort shelf. By piecing together these observations, along with indirect
evidence such as that provided by summer hydrographic measurements, one can
arrive at some general ideas about the circulation on the Beaufort Sea shelf,
primarily during summer.
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Water originating in the Bering Sea and modified by its passage through the
Chukchi flows northeast through Barrow Canyon at speeds as high as 100 cm sec— !,
Subsequently the majority of this flow probably turns eastward and enters the
Beaufort Sea. On the shelf some 70 km east-northeast of Barrow, the eastward
motion has been observed to average 60 cm sec™! during a six-day interval. The
eastward flow, concentrated on the outer shelf, camn be traced through hydro-
graphic evidence at least as far as Barter Island at 143°W. Measurements have
shown that changes in the meridional atmospheric pressure gradient can temporarily
reverse the flow in Barrow Canyon, and apparently also on the western Beaufort
shelf.

Summer observations have also indicated the likelihood of an intermittent
upwelling regime on the eastern part of the shelf. It is hypothesized that the
upwelling is a response to locally strong easterly winds, and that the water
upwelled onto the shelf moves westward. '

While tidal effects are probably small, storm surges and related effects may
be important in promoting significant changes of short time scales.

Earlier studies have contributed essentially nothing to knowledge of the
advective exchange between the shelf and the deep basin.

IV. Study area

The area of interest extends eastward from Pt. Barrow along the entire
northern Alaska coast, Z.e., from about 156°30'W to 141°W, a lateral distance of
600 km. The shelf is narrow, with the shelf break typically 80-90 km offshore.
The total runoff is relatively small, highly seasonal, and concentrated in a
very few rivers of any consequence, the largest of which is the Colville. Tidal
amplitudes are small, with a probable mean spring range of about 15 cm; the tides
are mixed, predominantly semi-diurnal. The entire area is covered by sea ice,
both first and multi-year, through all but 2-3 months. Even during the height
of summer, ice is usually found well onto the shelf.

V. Data collection

It is obviously impossible to attempt intensive time series coverage of
the entire region. One is in practice limited to measurements at a few points,
hopefully key ones. The first year of the present work we picked three sites.
The first was in Barrow Canyon, at a point down-canyon from our earlier measure-
ments, where the Bering Sea source waters for the Beaufort shelf presumably have
begun turning eastward. We also selected two sites more nearly midway along the
shelf, at about 150°W. One of these was on the outer shelf and one part-way
down the slope, the idea being to get not only a representation of the shelf and
adjacent slope flow regimes, but also to examine the possible exchanges between
these regimes. These moorings were installed in April 1976 and were designed to
measure until fall. At that time a new set of current meters was deployed north
of Lonely, in coordination with the CTD work being performed there (see this
year's annual report, Research Unit No. 151). All moorings carried two current
meters each.
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All of these sites can in general be expected to be covered by ice. Since
anchored current meters record internally, so that data retrieval is dependent-
upon instrument recovery (a fairly formidable task in ice-covered waters), we
decided on an alternative set of approaches that provide redundancy in data re-
covery. The first approach was to transmit the data acoustically. This involves
storing the data in such a way that they can be recalled at very high rates upon
command, the recall being done from the ice on an opportunity basis. This method
has two side benefits, viz. that the current meters can be left in place as long
as they continue to function, and that data recovery can be made as often as
desired, 7.e., more nearly in real-time. The second approach to data recovery
was to have the instruments record internally as usual, equip them with acoustic
releases, and provide the arrays with an acoustic ranging and bearing system
to enable pinpointing their position under the ice after having been released
and risen to the under-ice surface. A hole can then be cut in the ice and divers
used to attach recovery lines; the mooring is dragged laterally to the hole and
brought up.

Each instrumentation system was thus to be comprised of an anchor, an acoustic
anchor release, a lower current meter, a data buoy, an upper current meter, and
appropriately distributed floatation. The current meters provide current speed,
direction, and temperature in binary code. The data buoy is linked acoustically
to the current meters. The buoy houses power supply, digital tape recorder,
timing and control electronics, and acoustic telecommunication subsystems.

In addition we used the opportunity provided by the radar ice tracking pro-
gram conducted from Narwhal Island in the spring of 1976 to obtain two shorter
current records. In that case one internally recording current meter was simply
hung through a hole cut in the ice adjacent to each of two radar targets. The
ice tracking provided a description of the ice movement, so that vectorial summa-
tion of the ice and relative water motion gave a representation of true currents.

VI. Results

There have been very substantial difficulties and delays with the acoustically
telemetering data buoy system. In consultation with the project office we there-
fore had to modify our original plans. The first modification occurred in spring
1976 when none of the data buoys were ready for deployment. Some of the reasons
for this were discussed in the annual report of 26 March 1976. Rather than delay
instrument deployment, we chose to put the moorings out with the intent to re-
cover them the next fall through the ice. At that time two new moorings were
to be deployed offshore from Lonely, complete with telemetry system. During
24-29 April the three moorings were installed as planned. Details have been
provided in the quarterly report of 30 June 1976.

Meanwhile the two current meters offshore from Narwhal Island had also been
deployed and recovered. These current records cover the three-and-a-half weeks
28 March-22 April.

In early fall it became apparent that there would be further delays in com-
pleting the data buoys. Again we decided to deploy with only the internal record-
ing capability. This then required picking up the moorings the following March
and re-deploying new moorings at that time, complete with acoustic telemetry.
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The Barrow Canyon mooring was duly recovered on 6 October 1976 and the inshore
Oliktok mooring, at 149°53'W, on 25 October. The third mooring released success-
fully, but was lost in a storm on 27-28 October before it could be brought up
through the ice. Due to what we believe to have been faulty magnetic tapes only
partial current meter records were obtained from these moorings, one of about
five days duration in Barrow Canyon and another with at least 95 days of clear
records from north of Oliktok. On 15 October the inshore mooring north of Lonely
was deployed, but an attempt to put in the deeper mooring on 17 October failed
because of an echo sounder malfunction that required factory repairs. These
activities have all been discussed in the quarterly report of 31 December 1976.

We have just now, on 23 March, recovered the Lonely mooring installed last
spring. Both current meters had leaked through the external electrical terminal,
so that the tape recorders had run only part of the time. These leaks occurred
despite our having pressure tested the assemblies before deployment. They were
probably due to thermal stressing as the moorings were put out. To prevent
recurrence on the next deployments, we are removing the electrical connectors and
inserting pressure hull plugs. The two new Lonely moorings will be deployed within
the next few days. Only the deeper one of the two will carry a telemetering data
buoy, however, as the second unit could not be completed on time. Present plans
are to recover both of these moorings through the ice in October 1977. Meanwhile
we'll attempt to interrogate the outer mooring on several occasions later this
season.

VII. Discussion

We begin with what we shall call the Narwhal Island records. Current meter
no. 433 was situated adjacent to radar target R3, and meter no. 437 adjacent to
target R5. Both meters were suspended 10 m below the ice. Target R5 was in
water less than 30 m deep and did not move more than 20 m the entire time. Target
R3 was in water 35-40 m deep; it moved an appreciable distance only during the
last 6 days of recording. Meter 433 recorded from 2340 GMT on 28 March to 1040
on 19 April, and meter 437 from 0107 on 28 March to 0027 on 22 April.

Figures 1-6 show the east (U) and north (V) components of velocity at meter
433 before correcting for ice drift (Fig. 7), and Figures 8-11 show the components
of true current, Z.e., the vectorial sum of the relative current and the ice drift.
The currents are generally small, less than 5 cm sec‘l, except during a few periods
in the latter part of the record when they reached close to 10 cm sec=l. These
periods of higher speed coincided with the movement of the ice itself, which
first achieved an appreciable velocity on 14 April. Comparison of Figures 12 and
13, which respectively are the progressive vector diagrams for the ice drift and
the true current, show that during the last five days of record both the ice and
the water moved in a similar manner: east or east-northeast during 14-15
April and then west-southwest during 16-19 April (the time ticks are 12 hours apart).
This can also be seen by comparing Figure 7 with Figures 10 and 11.

Parts of the record suggest small oscillations of tidal frequency, with an
amplitude of perhaps 1-2 cm sec™!l.

The mean motion over the entire period of measurement was nearly negligible.
The mean relative water velocity was 0.2 cm sec~! toward 243°T; the mean ice drift
was 0.1 cm sec™! toward 69°T; and the mean true water velocity was 0.1 cm sec™!
toward 240°T.
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Figures 14-19 show the components of motion at meter 437. The speeds were
even lower than at meter 433, never exceeding 6 cm sec™!. With the possible
exception of the events during 4-6 April, when there was a burst of motion toward
the southwest, there is no apparent correlation between water motion at the two
meters. Figure 20 is the progressive vector diagram for meter 437; it can be
compared with Figure 13.

Again the record suggests small oscillations of tidal frequency with ampli-
tude in the range 1-2 cm sec‘l, and with no clear phase difference between
components.

The mean motion was comparable to that at meter 433, being 0.3 cm sec™!
toward 248°T.

The spectra for the two records are shown in Figure 21-26. The energy levels
are of course very low, and only for the east component at meter 433 is there a
low-frequency maximum. Relatively strong signals appear in both the diurnal and
semi-diurnal tidal bands, corresponding to an amplitude of about 1 cm sec'l, or
a bit more. The spectral estimates indicate the presence of the K, component at
both meters, but can distinguish My only at meter 437. The K; signals in the
east and north components are coherent at each meter and in phase, but the My sig-
nals are incoherent.

These two records thus show motion on the inner shelf to have been small,
generally with a 20-minute mean of 5 cm sec™! or less, and only on a few occasions
approaching 10 cm sec-! (and then only at the outer meter). The mean motion over
more than three weeks was very small, one-fourth kilometer per day or less, and
directed west-southwest. Tidal currents were of order 1 cm sec-l, with comparable
energy in both the diurnal and semi-diurnal bands. However, only the Kj component
was clearly identifiable in both records.

We turn now to the mooring on the outer shelf north of Oliktok. Current
meter no. 660 was suspended at a nominal depth of 100 m, in water 225 m deep.
Figures 27-42 show the east (U) and north (V) components of velocity at this
meter from 1215 GMT on 27 May 1976 to 1200 GMT on 14 July, and from 1215 GMT on
16 July to 0830 GMT on 1 September. The two-day gap in the middle of the record,
along with the truncated end and beginning are due to noise and other data reduc~
tion problems which have not yet been satisfactorily resolved. The portions of
the records shown here were relatively clean.

The difference between these currents and those observed on the inner shelf
is remarkable. The speeds are a full order of magnitude greater than those ob-
served on the inner shelf. The velocity varied between 56 cm sec™! easterly and
26 cm sec”! westerly. The entire 95-day record is dominated by large low-
frequency oscillations which have a typical peak-to-peak amplitude exceeding 50
cm sec™! and a time scale of order 10 days. The oscillations are not centered
about the line of zero velocity, but rather are offset in the direction of positive
U-component. In effect, therefore, the oscillations represent long bursts of
high easterly velocity separated by shorter periods of lesser flow toward the
west. Between the easterly bursts there were frequently smaller oscillations with
amplitude and time scale of order 10 cm sec™! and 2 days, respectively.

The flow did not alternate strictly between east and west, for there were
also appreciable north-south motions. Rather there was a tendency for the water
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to have a southerly component of motion when moving east, and northerly when
moving west. An example can be seen in the records between 19-27 June, when the
easterly burst was accompanied by a smaller southerly component, and vice versa
during the ensuing period 27 June-2 July. Since the trend of the isobaths is
about 100°-280°T, the oscillations nearly represent alternating motion along the
shelf edge.

The mean motion also appears to be steered by the bathymetry. During 27 May-
14 July the mean set was 7.0 cm sec™! toward 100°T and during 16 July-1 September
18.5 cm sec™! toward 98°T, coincident with the estimated trend of the isobaths in
the region.

Figures 27-42 also indicate rather clear tidal signals, again considerably
larger than those inshore. The tidal amplitude is in the neighborhood of 5 cm sec”},
and appears to have a diurnal inequality. For example, an inequality is indicated
in the record of north velocity component during the period centered about
21 August. In this connection I note that the maximum lunar declination was on
20 August.

The spectra are shown in Figure 43-48., They are of course dominated by the
low-frequency bands, the energy scaling of which obscures the higher spectral
estimates. While the low-frequency bands are somewhat noisy, the coherence and
phase spectra show that at the low-frequency coherence peaks, the east and south
components tend to be approximately out of phase. This corresponds to the current
alternating between either shelf-edge direction. Examination of the srectral esti-
mates in the tidal band shows typical amplitudes of 2-4 cm sec™! for the My, So,
Kj and 0 constituents, although in any given series (e.g., U-component, part 2)
all may not be clearly identifiable. Except at the M, and Sy frequencies in the
first half of the record, the coherence between velocity components is very low
at the four tidal frequencies indicated. For the My and So constituents in the
first half of the record, the north component leads the east component by 90°, so
that the tidal ellipse rotates anti-cyclonically.

On the outer shelf, then, we have observed a very active field of motion.
The mean flow was aligned with the shelf edge and in the eastward direction. The
mean speed over the 95-day record was nearly 13 cm sec™!, representing an eastward
displacement of more than 1000 km during the 95 days. There was a very large low-
frequency oscillation, approximately along the shelf edge, representing long bursts
of speed as high as 56 cm sec”! toward the east. These bursts alternated with
shorter periods of slower westward motion. The relationship between these low-
frequency motions and the on-shelf flooding by dense water reported in the STD
work (see this year's annual report, Research Unit No. 151) is not clear. The
directly observed maximum speeds at 100 m were comparable to those calculated from
the CTD work for the sub-surface core at about the same depth, but directed oppo-
sitely. Conceivably the calculated current represents the between-bursts westward
flow observed north of Oliktok. However, the latter did not clearly involve an
onshore component, as did the flow calculated from the CTD work north of Lcnely.
Nor did the temperature recorder on the current meter show any water warmer than
about ~1.4°C. For the present, the issue remains unresolved. Tidal currents were
of order 5 cm sec™!, and at least the semi-diurnal tide rotates clockwise.
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VIII. Conclusions

At least in late winter the currents on the inner shelf appear to be slow,
generally less than 5 cm sec™!, Long-term mean currents are extremely small,
representing net displacements over a week of only 1-2 km. The two measurements
made north of Narwhal Island showed these small displacements to have been west~
southwest. Tidal currents are probably not much above 1 cm sec~! in winter.

On the outer shelf an entirely different situation prevails. Measurements
made at 100 m under the ice from May-September showed the flow to reach over 55 cm
sec‘l, and even over a 3-month period the mean flow was 13 cm sec™! toward the
east. Pollutants reaching the outer shelf at sub-surface depths could thus be
transported 1000 km eastward in three months. The most remarkable feature ob-
served was the dominance of the motion by low-frequency variations with a typical
time scale of 10 days. These oscillations represent bursts of speed as high as
50 cm sec™! or more; they are directed eastward and are aligned approximately
with the shelf edge. Between the bursts there were shorter periods of westward
motion, the maximum observed speed toward the west being 26 cm sec™l. The cause
of these motions is for the present unknown. Tidal currents are in the neighbor-
hood of 5 cm sec™!, and a diurnal inequality probably prevails at times of high
lunar declination.

IX. Needs for further study

The outer shelf is an extremely active area, and it would appear worthwhile
to attempt a further year of time series between the 100- and 200-m isobaths.
This could best be done by deploying two more moorings north of Lonely when the
present moorings are picked up in October. The new ones would remain out til late
May following.
X. Summary of 4th quarter operations

A, Field operations

Field work is presently in progress.

B. Estimate of funds expended by Department of Oceanography, University of
Washington to 28 February 1977.

Total allocation (5/16/75-9/30/77) $188,542
A. Salaries, faculty and staff $17,611
B. Benefits -2,087
C. Expendable supplies & equipment 21,202
APL direction homing unit $957
Floatation $2,700
D. Permanent equipment 47,680
Acoustic releases $12,739
E. Travel 4,352
F. Computer 439
G. Other Direct Costs 6,349
Freight $4,734 4,734
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H. Indirect costs 7,714
Total expenditures ‘ 112,168
Remaining balance 76,374

C. Estimate of funds expended by Applied Physics Laboratory, University of
Washington to
Total allocation (5/16/75-9/30/77) $150,418

(Breakdown information not available at time of report preparation.)
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FINAL REPORT

I. SUMMARY OF OBJECTIVES WITH RESPECT TO OCS OIL AND GAS DEVELOPMENT

An understanding of the seasonability and variability of streamflow
is of considerable engineering importance to the imminent o0il and gas
development in nearshore coastal areas. Streamflow variability, effects
of seasonal ice, sediment characteristics, and ice-jam flooding all have
considerable impact on nearshore and estuarine areas. This is especially
so in areas where sea-ice remains intact after the initiation of river
break-up. This phenomenon occurs in nearly all rivers and streams in
the North Bering, Chukchi, and Beaufort Seas, and is attributable to the
extensive shorefast ice formed annually in these areas. The estuarine
and shorefast areas are presently being developed and leased and this
development is Tikely to continue throughout the Outer Continental Shelf
(0CS) program. An analysis of the annual seasonability of streamflow,
expected break-up data, expected freeze-up data, and sediment character-
istics are all necessary information to ensure safe and efficient off-
shore development.

However, the higher precipitation and comparatively reduced effects
of offshore ice on the coast of the Gulf of Alaska, together with the
sparseness of available data, have made it necessary to establish
indices of seasonability and variability to allow for extrapolation to
ungaged streams in order to estimate streamflow variation and spring

flooding.
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II. INTRODUCTION
A. General nature and scope of the study:

This study examines the varfabi]ity of streamflow in all
gaged Alaskan rivers and streams which terminate in the ocean.
Forty-one such streams have been gaged for varying periods of
time by the U. S. Geological Survey, Water Resources Division.
Attempts have been made to characterize streamflow statistically
using standard hydrological methods. The analysis scheme
which was employed is shown in the flow chart which follows.
In addition to the statistical characterization, the following
will be described for each stream when possible:

1. average period of break-up initiation (10-day period)

2. average period of freeze-up (10-day period)

3 miscellaneous break-up and freeze-up data.

4. relative hypsometric curve for each basin

5. observations on past ice-jam flooding

6. verbal description of annual flow variation

7. original indices developed in this study to relate stream-
flow variability to basin characteristics and regional
climate.

B. Specific Objectives:

1. The primary objective of this study is the development of

a characterization of coastal streams in Alaska which is

relevent for engineering applications, useful to the

imminent OCS petroleum development, and which may also be
generally useful to as many other agencies, individuals,

and commercial interests as may have need for such information.
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2. Realizing that characterization of streams in other
regions of the United States may not be adequate to
describe Alaskan streams, an original approach was
developed in order to derive an index for stream
characterization in this study. After trying several
indices, it was decided that graphic plot of the ratio
of the 1-, 3-, 7-, 10-, and 30-day maximum cumulative
daily flows to the mean annual flow was an adequate
characterization index. This index is a good expfession
of short-term variability.

3. A grouping of most ungaged streams is accomplished using
regional and physical similarities to gaged streams as
criteria. This grouping is intended to be a guide for
extrapolation of the characterization of gaged streams to
streams which have similar basin areas, climate, and
elevation distributions, but which are not gaged by the
U. S. Geological Survey.

4, An attempt is made to establish a relationship between
precipitation and elevation in order to better characterize
snowmelt patterns.

5.  NOAA and LANDSAT satellite imagery are used as major
sources of information to characterize snowmelt in both
gaged and ungaged basins.

C. Relevance to problems of petroleum development:

1. Spring break-up presents critical engineering problems

which need to be considered for nearshore 0il development

and exploration. Logistics and scheduling may be severely
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disrupted by unforeseen or unknown problems related to
rivers, spring run-off, and ice. A problem unique to the
Arctic is that of flooding of the shorefast ice at the
mouths of rivers during spring break-up. Satellite
observations of several ungaged streams in the Arctic
indicate that this event is endemic, but the timing of the
initial flooding is variable. Ice jams are a problem,
especially on the deon River. A major danger from ice
jams in the possibi]ify of a rapid break of the jam which
could release dammed water and cause flooding downstream.
Floating ice is also an engineering hazard. Ice jams
will be discussed further in the results sections.

Snow cover and snowmelt characteristics which will
be investigated in this study should lead to a better
understanding of snowmelt rate. The relationships which
exist between melt rate and runoff may also become more
evident. A knowledge of these influences on nearshore
development will be important to petroleum development as

well as the planning and public works agencies of government.

ITI. CURRENT STATE OF KNOWLEDGE

As stéted in our original proposal, we know of no directly related
research being carried out by others. A bibliographic search was made
using the OASIS system. A report entitled "Environmental Studies of an
Arctic Estuarine System" (EPA, 1975) contains baseline information on
the effects of river flow in an Arctic estuary, which is relevant to

this work. Many papers address the problem of coastal breakup in
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Arctic areas (Newburg, 1974; Antonov, et al., 1972; Reimnitz, et al.,
1974; Barnes, et al., 1973; Walker, 1973; McCloy, 1970; Reimnitz,

et al., 1972; and Walker, 1970). Carlson (1972) repsents discussion of
the land hydrology of the southcenteral Alaska coastal zone. A regional
discussion of sediment yield in Alaskan streams is given by Guymon
(1974).

Some correlative studies of snow measurements made on the ground
with remote sensing observations have been done by Bilello (1974).
Poulin (1974) used infrared staellite imagery to determine the hydrologic
characteristics of snow-covered terrain.

Carlson (1974) and Newburg (1974) both address the effects of
permafrost on river hydrology. Permafrost or glacial influences affect
nearly all major hydrologic systems in Alaska.

The general state of knowledge for characterizing streams in lieu
of coastal development is inadequate. More hydrologic research has been
done in the Beaufort Sea drainage than elsewhere in Alaska and no area

of Alaska has been or is being as well studied.

IV. STUDY AREAS

This report includes characterization of all gaged streams in all
the OCS areas of interest:

1. Gulf of Alaska

2. Southern Bering Sea

3. Northern Bering - Chukchi Seas

4, Beaufort Sea

106




V. SOURCES, METHODS

The major source of data for this study is the U. S. Geological
Survey streamflow records. Programs were written in order to extract
the statistical parameters and hydrograph records from a tape containing
all the stream records of interest. This data enabled us to characterize
the seasonability and variability of streamflow.

To obtain break-up and freeze-up information, the standard U. S.
Geological Survey annual water resources data catalogs were examined for
evidence of those events in the record. Some data on break-up and
freeze-up were also available from the U. S. Weather Serv