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SURFACE DRIFT SHEET MOVEMENTS OBSERVED
IN THE INNER STRAIT OF JUAN DE FUCA, AUGUST 1978

J.M. Cox, C.C. Ebbesmeyer, and J.M. Helseth

Movements of 97 floatable, plastic drift sheets (1.83 x 1.83 x
0.0032 m) were observed in the Inner Strait of Juan de Fuca,
Washington during 22-26 August 1978. The study area contains
two major sills, numerous shallow banks, and passages to the
Pacific Ocean, Strait of Georgia, and Puget Sound. Provided
herein are positions, trajectories, and spatial vector diagrams
of drift sheets observed using two small aircraft during day-
light as weather permitted. Noted was a tendency for drift
sheets to collect south of Victoria, and among patches of kelp,
debris, and slicks; the largest patch moving east and west,
one to two miles north of Dungeness Spit. 22 drift sheets were
sighted on or near shore during, or shortly after completion of
the field study.

- 1. INTRODUCTION

An oceanographic experiment was conducted in the Inner Strait of Juan
de Fuca during 22-26 August 1978 (Figure 1). The experiment's purpose was
to observe movement of surface drift sheets which approximate movement of
potential oil slicks. Similar experiments were previously conducted in
the Outer Strait of Juan de Fuca and in Port Angeles Harbor and vicinity
(Ebbesmeyer et al., 1977, 1978).

The experiment is necessarily of an exploratory nature because: 1)
a surface drifter which simulates oil slick movement cannot, at present,
be designed with certainty because dependencies on currents, winds, and
waves are poorly understood (Stolzembach, et al., 1977); and 2) the present
observations span brief temporal and spatial intervals which are too few to
be considered as completely representative samples.

The present report is intended primarily as a summary of observations
for later integration with results of other, simultaneous field studies.

2. EXPERIMENT DESCRIPTION

Several types of floatable drifters have been designed to simulate the
movement of oil slicks. The designs include: 1) drift cards (e.g., Tomczak,
1964); 2) drift poles (e.g., Doebler, 1966); 3) remotely tracked buoys
(e.g., Fingas, 1977); and 4) plastic sheets (e.g., Teeson et al., 1970).



Of these, the plastic sheet was selected because available plastics have
specific gravities near that of some oils, and are manufactured in thick-
ness (3.2 mm) close to that of some nearshore slicks (~1 mm; Teeson, 1970).

The drift sheets used in this experiment are flexible polyethylene
foam measuring 1.83 x 1.83 x 0.0032 m, reinforced and weighted on bottom
with venetian slats and steel disks, respectively; and painted on top
with black alphameric codes superimposed on a fluorescent red background
(see Figure 4 and Table 1). The present design is similar in shape to
that previously used by Ebbesmeyer et al. (1977, 1978), but larger in size
so as to be visible over greater distances, and weighted more heavily and
evenly so as to counteract overturning by strong winds.

Upon release a drift sheet approximates the shape of the wavy sea
surface (Figure 4). TFormation of a thin layer of water on the sheet's
topside occurs, and the drift sheet becomes waterlogged with time, both
factors acting to increase the sheet's adherence to the water surface.
However certain strong winds will partially overturn an aged drift sheet.
Observations of folded drift sheets have been deleted as in previous reports.

A total of 97 drift sheets were deployed from a 34 ft boat (twin screw
Tollycraft) during 22-26 August (Table 2). Positions of each drift sheet
were determined using a positioning system manufactured by Motorola, Inc.
(Mini-Ranger III System, abbreviated MRS). The MRS operates on the prin-
ciple of pulse radar and uses a mobile transmitter within line-of-sight of
two stationary transponders. The transmitter's position is displayed as
ranges to the two transponders. Within the MRS' 74 km maximum range, the
probable accuracy of an individual range measurement is about three meters
(Motorola, Inc., 1974).

Due to the large size of the study area, two aircraft (Cessna models
172, 180) were used, each carrying a MRS transmitter. These were connected
through inspection plates to antennae mounted on the aircrafts' bellies,
and wired to MRS display consoles from which the two ranges were recorded
manually. The two transmitters were used alternately to avoid erroneous
ranges caused by simultaneous operation.

For this experiment the two transponders were located onshore at the
following positions (see Figure 3): Range 1) 48° 08.2' N, 122° 50.2' W;
Range 2) 48° 02.7' N, 123° 12.5' W.

Individual positions were determined geometrically given two ranges
and aircraft altitude. With the aircraft suitably oriented above a drift
sheet reasonably accurate positions could be obtained from 100-200 m al-
titude at speeds of 30-40 m/s. Twenty test runs over fixed objects gave
a standard deviation in position of approximately 31 meters.

N

Each morning and afternoon drift sheets were deployed in varied pat-
terns (Figure 8). Flights occurred during daylight as weather permitted.
Initially the positions of each drift sheet were obtained several times per
hour when patterns were fairly regular. As drift sheets dispersed, the
frequency decreased. Moreover, a few drift sheets overturned during periods
of strong winds; some were caught in tide rips and became folded and thus



unusable; and some were carried beyond the MRS range. Attempts were made
each moraing to locate drift sheets remaining from previous days.

Daily flights over the surrounding beaches were carried out to locate
drift sheets on or near shore. Eight drift sheets accessible on shore
were recovered and identified. The final nearshore flight was made 13 days
(8 Sept. 1978) after the last drift sheet deployment on 26 August 1978.
Fourteen drift sheets were located but no identification was possible be-
cause of weathering.

3. DATA REDUCTION AND PRESENTATION

The ranges, altitudes, and times of each drift sheet sighting were
digitized, and the following computed (Plate 6): 1) latitude and longi-
tude (degrees and minutes); 2) speed and direction (cm/sec; degrees True);
and 3) speed components in a coordinate system reckoned positive toward
true north and east. With a standard deviation in position of 31 meters
and a typical time interval of one hour between consecutive positions, the
estimated error for most drift sheet speeds is close to one cm/sec.

From these tabulations were obtained trajectories spanning up to four
days for individual drift sheets (Plates 1 and 2 respectively); and spatial
vector diagrams at hourly intervals (Plate 3). Trajectories are edited for
clarity of presentation by removing drift sheets with movements similar to
those shown. Times of spatial vector diagrams are shown in Figure 8.

Winds recorded at selected shore stations (Figure 3) have been tabu-
lated in Plate 4 and displayed in Figure 6.

Tidal currents calculated for selected National Oceanic and Atmospheric
Administration (1978) stations (Figure 3) have been tabulted in Plate 5 and
displayed in Figure 6.

Sightings of drift sheets on or near shore have been tabulated in Table
3 and presented in Figure 7.

4. DISCUSSION

The Inner Strait of Juan de Fuca is the junction and primary mixing
zone (see Figure 2) for:l) upwelled water from the Pacific Ocean via the
Outer Strait of Juan de Fuca; 2) Strait of Georgia surface water via Haro
and Rosario straits and San Juan Chanmel; and 3) Puget Sound surface water
via Admiralty Inlet and Deception Pass. Winds and currents are quite in-
homogeneous within the Inner Strait (see Figure 6; Plates 4 and 5), As an
interpretive aid, the 30 fathom bathymetric contour which outlines major
banks has been superimposed on trajectories and vector diagrams (Plates 1,
2, and 3). While a detailed interpretation of the complex movements is
beyond the scope of this report, several tendencies were evident in the
observations.



There was a tendency for drift sheets to collect among localized
patches of kelp, debris, and slicks. Many drift sheets were relocated
by following these patches. The most prominent patch occurred just
north of Dungeness Spit. In it collected a total of approximately 10
drift sheets on the 24th of August; 11 on the 25th; and 20 on the 26th.
Most of these were launched nearby but a few were released 6-7 miles
away. This patch appeared to oscillate east and west for three days
one to two miles offshore in an area centered north of Dungeness Spit.
Collection and movement of the patch is illustrated in trajectories (as
listed in captions) and spatial vector diagrams for 24-26 August 1978,

Drift sheets also collected south of Victoria. No drift sheets were
deployed in this area, yet several quickly moved into it and remained
there for several days (Plates 2al; 2a2). Five of 22 drift sheets sighted
on or near shore were spotted in this area.

Of 97 drift sheets launched, 22 were sighted on or near shore during
or shortly after completion of the study (Figure 7; Table 3). Of these
68% were along the northern shoreline of the Inmer Strait, 32% along the
southern shoreline.

Noteworthy are the following:

1) Cleavage of four closely spaced drift sheets (X6, X7, X8, X9) occurred
on 25 August, two moving northward, two moving southward (Plates 1dl,
2d1, 3d1-3d4).

2) On 26 August, drift sheet E4 was sighted at its initial position eight
hours later (Plates lel, 3el-3e4).

3) A large southerly component of movement can be seen in several drift
sheet trajectories during 1300-1700, 25 August (Plates 1d2, 3d3-34d5).
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Table 1. Materials list for drift sheet.
Amount Used Mass/Drift Dimensions Remarks
Item Description Per Drift Sheet Sheet (kg)
Polyethylene foam 3.34 m2 0.24 1.83 x 1.83 x 0.0032 m Packaging material
known as Ethafoam.
Flourescent Paint 0.23 liter 0.24 Hercules Orange-Red
Screen Printing Ink
Catalogue No. 1944.
Enamel Paint 0.06 liter 0.06 High Gloss Black
Enamel.
Weights 3.18 kg 3.18 Diameter = 0.18 m Steel disks.
Thickness =0.0012 m
Underside 22,76 m 0.76 1.63 x 0.05 x 0.0006 m Steel venetian blind
Reinforcement slats.
Tape 33.37 m 0.11 Nashua brand
filament tape.
Total 4.59



Table 2. Summary of drift sheet observations.

(1) (2) Number of
Number of Number of Time First Time Last (2) Number Sightings
Drift Sheets Drift Sheets Position Position -(1) of On or
Date Launched Tracked Obtained (PDT) Obtained (PDT) Hours Observations Near Shore
22 August 10 10 0937 2024 10.8 124
23 August 3 11 0956 2019 10.7 67
24 August 28 28 0701 1734 10.6 247 2
25 August 29 39 0651 2031 13.7 247 3
26 August 27 50 0632 1612 9.7 209 3
Total 97 55.5 894 8
Unidentified sightings on or near shore iﬁ
Total sightings on or near shore 22

*
PDT = Pacific Daylight Time



I?ble 3 . Summary of drift sheets observed on or near shore.

Drift Approximate Approximate Remarks
Sheet Date/Time Position of
No. of Sighting Sighting
| (PDT)# Latitude Longitude
1. $6 26 Aug./1515 48-08.5 123-24.7 On beach
2. €9 26 Aug./1520 48-08.5 123-24.7 On beach
3. H4 26 Aug./1500 48-10.5 123-09.1 On beach
4. K7 26 Aug./1316 48-25.3 123.25.0 20' from shore in kelp
5. N6 26 Aug./1543 48-25.5  122-54.4
6. N7 26 Aug./1412 48-26.7 122-54.7
7. N8 26 Aug./1409 48-25.1 122-54.3
8. Y2 25 Aug./1512 48-24.8 122-52.7 In kelp
9. Unknown 8 Sept./1335 48-27.4 123-00.3 On beach
10. " 8 Sept./1350 48-24.4 123-19.7 25' from shore in kelp
11. " 8 Sept./1350 48-24.4 123-19.7 "
12. " 8 Sept./1350 48-24.4 123-19.7 "
13. " 8 Sept./1355 48-24 .4 123-22.3 50 ' from shore
14. " 8 Sept./1420 48-19.1 123-39.4 On beach )
15. " 8 Sept./1425 48-20.3 123-42.0 10' from shore
16. " 8 Sept./1430 48-22.0 123-46.2 15' from shore
17. " 8 Sept./1440 48-21.6 123-48.2 70" from shore in kelp
18. " 8 Sept./1440 48-21.6 123-48.2 "
19. " 8 Sept./1500 48-10.0 123-07.5 1 mi. from shore
20. " 8 Sept./1500 48-10.0 123-07.5 "
21. " 8 Sept./1530 48-07.5 122-51.1 On beach
22. " 8 Sept./1600 48-10.6 122-48.7
%*
PDT =| Pacific Daylight Time
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Plates la-le.

Selected trajectories on single days. Times (Pacific
Daylight Time; + 7 time zone) of initial sightings
(circles) are listed in Plates 6a-e by alphameric code.
Hourly drift sheet positions are denoted by ticks on
trajectories. Arrows show direction of movement and
denote final sightings of the day. Letters a-e in

plate code correspond to 22-26 August, respectively.
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Plates 2a-2e.

Selected trajectories spanning more than one day. Times
(Pacific Daylight Time; + 7 time zone) of initial sight-
ings on day of launch (circles) are listed in Plates ba-e
by alphameric code. Hourly drift sheet positions are
denoted by ticks on trajectories. Net movements during
darkness of drift sheets are denoted by dashed lines.
Solid and dotted trajectories indicate periods of frequent
observation. Arrows show direction of movement and denote
final sightings. Letters a-e in plate code correspond to

22-26 August, respectively.
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Selected trajectories beginning 22 August 1978.
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Plates 3a-3e.

Spatial vector diagrams. There is one plate at each hour
(Pacific Daylight Time; + 7 time zone) during the obser-
vations. Drift sheet positions correspond to arrow bases.
Speeds are scaled as shown on Plate 3al. Selected wind
observations and current predi;;ions for each diagram are
shown in Figure 8. For example, Plate 3a3 occurs at posi-

tion a3 on Figure 8. Letters a-e correspond to 22-26

August, respectively.
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