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Applications of Dual-Doppler HF Radar Measurements of Ocean

surface Currents

A'S. FRISCH and B. L. WEBER

NOAA /ERL / Wave Propagation Laboratory, Boulder, Colorado 50303

HF Doppler radar measurements of near-shore sea-surface currents is a relatively new technique. It has the advantage
of covering a wide area of the sea surface simultaneously while being shore-based. In this paper, we compute the
M,, K}, and mean currents over an area of the eastern Strait of Juan de Fuca from HF radar measurements made
during the summer of 1979. From these components, we computed trajectories of simulated continuous leaks from a
proposed oil pipeline in this area. By computing the trajectory over one day, we estimated the shoreline locations that

would be impacted by the oil.

Introduction

The need for current measurements in
the eastern Straits of Juan de Fuca has
increased in the last few vears because of
potential spills from increased oil tanker
traffic and a proposed oil pipeline. To
predict where spilled oil will go, knowl-
edge of the spatial and temporal distribu-
ton of currents is needed. The acquisition
of such a data base with conventional
techniques such as current meters or
drifters would be a formidable task and
might not be adequate for some situa-
tions. The dual HF Doppler surface-
cwrrent measuring system (CODAR),
however, has the capability of measuring
surface currents in great detail.

The use of high-frequency (HF) Dop-
pler radar techniques for measuring these
surface currents (Barrick and Evans, 1976:
Barrick et al., 1977) was made possible by
the initial discovery of surface-current ef-
fects on backscattered waves by Crombie
(1972). Since this discovery, theoretical
and experimental studies of surface cur-
fent effects have been made by Barrick et
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al. (1974), Stewart and Joy (1973), and
Barrick et al. (1977). Use of HF-radar in
oceanographic studies have been made by
Frisch and Weber (1980), Maresca et al.
(1980), Frisch et al. (1981), and Holbrook
and Frisch (1981).

The particular HF current measuring
svstem used in this study has two radars
positioned along a coast at the edge of the
water. Each radar measures the phase
velocity of a particular wavelength ocean
wave which is propagating radially to-
ward or away from each radar. The ocean
waves that scatter the HF waves directly
back to the radar must be exactly one-
half the HF wavelength because of the
scattering mechanism known as Bragg
scattering. This scattering is analogous to
the diffraction of light by optical gratings.
Thus, the backscattered HF energy comes
only from the wave components having
wavelengths of half the transmitted wave-
length. If we measure the Doppler shift,
then we can selectively measure the phase
velocity of these particular ocean waves.
Because the velocity of the waves at this
wavelength is known to a high degree of
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accuracy when there is no current, any
deviation of this velocity is due to the
surface currents. Since the scattering pro-
cess is over several square kilometers, the
measurement is an area-averaged current.
By measuring the radial velocities of the
surface currents from two locations, we
can compute the horizontal current vec-
tor for a particular patch of the sea
surface. We illuminate a large area of the
sea surface and using a pulse of transmis-
sion and gated receiver with a direction
finding receiving antenna array, we can
“map” the currents over a large area of
the sea surface.

Once we have many of these “maps”
of the surface currents, we can separate
these currents into their tidal, and long-
time-averaged mean circulations. The tidal
and mean flows will give us the back-
ground condition, from which one can
add wind effects using models for a more
detailed approach to any trajectory calcu-
lations.

The accuracy of these trajectory calcu-
lations are dependent upon the accuracy
of the tidal and mean flow calculations.
which in turn depend upon the accuracy
of the surface-current measurements. Be-
cause the HF surface-current measure-
ment is an area average of the Eulerian
velocity, it is difficult to compare with
drifters or current meters. Some effort in
this direction has been made, however.
For example, HF radar-derived surface-
current tidal analysis has been done by
Frisch and Weber (1980) and compari-
sons of the radar and current meter data
have been made by Holbrook and Frisch
(1981). In their comparison, Holbrook and
Frisch found that current-meter-derived
tidal coefficient amplitudes and the HF
radar-derived coefficients were within 6
cm/sec of each other for the K, and M,
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components. Differences in the comput,.
tion of these components may be due tg
the interval and the length of the sap®
pling of the meter data, as well as gy
spatial averaging in the radar measyre.
ments. Simulations of tidal-coefficient
calculations that include noise indicate
that when we take measurements for 5
days, the K, and M, components wi[
have a small percentage of error (less thap
2%) in amplitude and phase when the
radar measurement error is less than *1g
cm/sec (Lyons and Frisch, 1982) and the
tidal amplitudes are on the order of 50
cm/sec. The maximum error in trajectory
after 24 hr would be about 1 km under
these circumstances.

Experiment

During July 1979, the NOAA/WPL
CODAR group deployed an HF surface-
current radar system (Barrick et al., 1977)
at Dungeness Spit and Fort Ebey, Wash-
ington (Fig. 1). Because of this position-
ing, we were able to measure the surface
currents in the area south of these two
sites, where the proposed pipeline would
lie, as well as the area north of the two
sites. Also, we were able to see the in-
fluence of both tidal and nontidal flow at
the mouth of Admiralty Inlet on the flow
in the eastern strait. In addition, of prac-
tical importance was the calculation of
potential trajectories of any floating
material in the vicinity of Protection Is-
land. *ig

We began recording surface currents
on 5 July 1979, at 2:00 PDT with a
sample length of 36 min. These observa
tions continued for 5 days and nights-
During the day, we recorded radar ob-
servations every hour because of other
simultaneous experiments, whereas al



RADAR MEASUREMENTS IN OCEAN CURRENTS

275

Eastern Strait of Juan de Fuca

New Dungeness Spit

Sequim

T - E: .

(=]
Whidby
Island
J® Fort Ebey
oo,
/
7/
Prctection
island . —
'/ ; Admiralty
7 Inlet

Smith Island

Discovery
Bay

FIGURE 1.

Map of HF-Doppler radar measurement area. Radars were at Dungeness Spit and Fort Ebey. The

coverage area was to the north and south of a line drawn between the two radars. A proposed pipeline route is

shown as a dashed line.

night we recorded observations every 3
br. The resulting data set was tidally
analyzed by a least-squares fit of the data
to two dominant tidal components, K,
and M, (Holbrook et al., 1980) and trajec-
tories calculated by integrating the veloci-
ties starting at some initial location.

Results
Figure 2 shows the M, tidal component

ellipses. We use ellipses since this is a
Bamiliar kind of display, which permits

a large quantity of data to be presented in
a very compact form. The triangle on
some of the ellipses represents the time
given in the upper left-hand corner.

We see large spatial variations in the
tidal circulation which are correlated with
the flow into and out of Admiralty Inlet,
as well as the other adjoining straits. The
Admiralty Inlet flow is the strongest, in
excess of 150 cm/sec, and appears to
have a significant influence on the main
flow in the eastern strait. We see this
apparent influence by the tilt of the tidal
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ellipses on the left side of Fig. 2. There is
also a great contrast in the tidal flow just
west of Admiralty Inlet compared to the
Inlet, where the tidal flow is less than 30
cm /sec about 10 km west of Protection
Island. Because we cannot compute the
current vector in the region near the line
between the two radars in the region near
this line, we cannot compute tidal ellipses
or the convective currents in this region.

A. S. FRISCH AND B. L. WEBER

y.o KM, 150.0 CM/S ¢

TAUE NDATH b

Tidal ellipses for the M2 tidal component, the triangle represents the start time (0148)

The K, tidal component is much weaker
than the M, (Fig. 3). However, the flow
pattemn is similar to that of the M, com
ponent, with the effect of Admiralty I_Illf’t
to the southeast very apparent (lower
left-hand comer of the figure). Like the
M, component, the K, component is quité
weak to the west of Protection Island-
The mean circulation, which is the aver
age surface flow over a 5 1 /2 day periods
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FIGURE 3. Tidal ellipses for the K1 tidal components. The triangle represents the start time (0148)

for that ellipse.

is shown in Fig. 4. There is strong flow
out of Admiralty Inlet, dominating part of
the pattern in the eastern strait across the
radar baseline. This pattern exhibits the
expected estuarine outflux from the strait
to the western part of the radar coverage
area. The flow is similar to that reported
by Frisch et al. (1980).

We use the radar-observed tidal infor-
Mation to compute trajectories in the

vicinity of the proposed pipeline. As an
example, we computed the trajectories of
a particle at a location between Dunge-
ness Spit and Admiralty Inlet. We used
the tidal coefficients along with the mean
current to compute these trajectories and
simulate a nonwind period (there was
almost no wind during this observation
period). The trajectory that we calculate
will also depend not only on the initial
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FIGURE 4. Mean or convective current computed from data for 53 1,2 days.
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position, but also on when we start it. We  tory loops to the east of Protection ISlaIl%h
show an example of three trajectory and makes a couple of loops about 2 km -
calculations in Figs. 5a, 5b, and 5¢c which  to the east of the previous trajectory. Ig_g
have the same starting position but differ- the third example [Figure 5(c)], at 12:&$--
ent starting times. For example, the we see that the trajectory is initially simr ...
trajectory at 11:00 [Fig. 5(a)] goes west of lar to the trajectory at 11:00, but inst a0
Protection Island and makes several com- of making several complicated loops &
plicated loops north and west of the Is- travels south and is displaced enough WL
land. Starting at the same location just that it intersects the shore. This tra]ectgaﬁ
one-half hour later [Fig. 3(b)], the trajec- information might be used to see where
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FIGURE 5. Trajectories computed from the mean (a), M2 (b), and K1 (c) tidal components
starting at 11:00. 11:30, and 12:00 respectively. Each tick mark represents 1/2 hr and the
dot—dash line shows location of proposed pipeline.
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floating contaminant could be carried to-
ward shore. If we compute these trajecto-
ries over several days, we can see the
extent of shore coverage from a continu-
ous source of contaminants in the absence
of wind. As an example, we have taken
three different locations along a proposed
pipeline route, computed trajectories in
1-hr increments from each location, and
marked the area of the shore where the
contaminants would hit. Figure 6 repre-
sents a simulation of continuous leaks at
three locations and the shoreline that
would be affected. One represents a
source south and west of Protection Is-
land with the shoreline that would be
affected by a continuous leak depicted by
one kind of shaded lines. Simikarly, we
show a potential source and effects in a
location south of Protection Island and a
source east of Protection Island. The time
of arrival between the release of a particle
and its arrival on shore varied between
two hours and two days. If the trajectory

intersected a region near the baseline be-
tween the two radars, we stopped the
calculation because we had. no twn-
dimensional surface current velocity in
this area. By stopping the calculation i
this area, we do not know whether the
trajectory would continue away from the
southern coast, or be carried back onw
the southern shore.

Conclusions

The dual-HF Doppler radar measure=
ments of surface currents can bqi‘aﬁxﬁi
tremely useful in understandjng‘fm
spatial distribution of tidal and mean
surface currents and in detennming'{tEE
trajectory and potential impact area ofal
oil spill. In this example, we can see that
if there were a leak in the proposed i
pipeline across part of the eastern Str!
of Juan De Fuca in the simulated 106G
tions, several kilometers of the shoreli®
might be impacted.
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FIGURE €. Shows the locations of the shoreline intersected by drifting material whose source is
represented by the small square. The shoreline intersection for each source is represented by different kinds
of shadings. The dashed line represents the location of a proposed oil pipeline.
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