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ABSTRACT

Two barrier beach sites in the Magdalen Islands, Quebec, were occupied
for a 28-day period in July-August 1974 and a 19-day period in November 1974
to monitor a time-series of beach and nearshore processes and to map the
morphology of the beach and nearshore zones. This report presents the
original and reduced data on environmental parameters, computed values of
wave power, computed rates of longshore sediment transport, beach profiles
and morphology maps, nearshore profiles and topography maps, and sediment
size analyses.

SOMMAIRE

Deux cordons littoraux des iles de la Madeleine, au Québec, ont été
occupés pendant une période de 28 jours, en juillet et aout 1974, et une
période de 19 jours, en novembre 1974, en vue d'observer une série
chronologique de phénomenes propres a la plage et 3 1'arriére-plage et
d'établir la carte morphologique de ces zones. On trouvera dans le présent
rapport les données initiales et simplifiées concernant les paramdtres
du milieu, la valeur calculée de la force des vagues, les vitesses calculées

de transport des sédiments littoraux, les profils et les cartes morphologiques

de la plage, les profils et les cartes topographiques de 1'arrigre-plage,
ainsi que des études de la taille des particules de sédiments.
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OBJECTIVES:

Data were collected simultaneously at two sites on the barrier beaches
of the Magdalen Islands in the Gulf of St. Lawrence (Fig. 1.1, Photo 1.1,
1.2) to obtain a time-series of process variables and to monitor geo-
morphological changes between July 30 to August 27 and November 12 to 30,
1974. The objectives were to (1) investigate the relationships between
littoral processes, sediment dynamics, and morphological variations,
(2) compare west- and east-facing barrier beach environments, and (3) determine
seasonal variations of process and morphology. A description of the data
collection and reduction techniques is presented in each section.

These data were collected during GSC Project 740009 which was designed

to provide detailed information subsequent to reconnaissance work in the
southern Gulf (Owens and Harper, 1972; Owens, 1974a, b, 1975a, b, c, d).

ACKNOWLEDGEMENTS :

Considerable assistance in data reduction was provided by Gordon Joice,
Andy Sherin and Roy Sparkes of the Atlantic Geoscience Centre. Size analysis
of the sediment samples was carried out by Hugh Munroe, Department of Geology,
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a. Magdalen Islands (National Air Photo Library, ERTS image, E-1395-
14244-7, 22-8-73; 1: 1,000,000).

b. Study Area (National Air Photo Library, Al13477-52, 1952; 1:60,000).
Limits of the study sites indicated by the arrows.

c. West Coast Site (National Air Photo Library, A21672-108, 14-6-70;
1:9,500).

d. East Coast Site (National Air Photo Library, A21672-152, 14-6-70;
1:9,500) .

Figure 1.1 Location of study sites.



Photo 1.1 West study site, view to the south at low tide on
August 14, 1974, The limits of the study site are
defined by the locations of the WI and WII| profiles.



Photo 1.2 East study site, view to the south at low tide on
November 11, 1974.
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At each site environmental parameters were monitored as a time-series
every three hours during both summer and winter phases of the project. The
per cent time of data recovery for each parameter is presented in Table 2.1.
Where gaps in the data record are significant they are discussed below. The
data are presented at the end of this section. Further details on the units
of measurement are presented on pages 20 and 22 and a summary of the data is
given in Table 2.2 (page 15).

Data Collection:

Monitoring at the west beach site continued from 0000 AST on July 30 to
1300 AST on August 24, 1974 and from 1200 AST on November 12 to 0900 AST on
November 30, 1974. At the east beach site data were collected from 0430 AST on
July 30 to 1330 AST on August 27, 1974 and from 1030 AST on November 12 to
1030 AST on November 30, 1974.

(a) Barometric Pressure: A chart-recording barometer was installed at an
elevation of approximately 5 m above sea level., Time checks were made every
six hours to ensure accurate time recording. During both phases barometric

pressure recorded on this instrument was consistently 10 mb above that
reported at the Grindstone meteorological station,

(b) Meteorological Parameters: An MR Mechanical Weather Station (Model
1071) was installed at each beach site (Fig. 1.1¢c, 1.1d) on the crest of the
foredune ridge approximately 2 m above the dune surface. Air temperature, wind
run and wind direction were recorded on pressure sensitive paper at a chart
speed of 10 mm/hr. To ensure accurate recording of data, time checks were made
every three hours when weather conditions permitted. Air temperature was
recorded to the nearest 0.5°C, wind run was in miles/hour and converted to
km/hour, and wind direction was read to the nearest 5°. Rainfa'l was measured
with a graduated plastic rain collector installed adjacent to euach weather
station. Sky condition values were related to the per cent cloud cover using
the scale:

0 0% cloud cover
1 20% cloud cover
40% cloud cover

cloud cover

& w N
o
c
o

80% cloud cover
5 100% cloud cover
6 Fog

(c) Tide Data: Two water level transducers were installed, at Pointe au
Loup, 5 Km northeast of the west beach site, and at Dune du Sud 5 km southwest
of the east beach site (Fig. 1.1b). These locations (both wharves) were the
nearest suitable sites for this equipment. A major problem resulted from waves
breaking over the wharves and water entering the chart-recorder housings. This
led to the paper jamming and a subsequent loss of record. A second problem, at
Dune du Sud during the winter phase, resulted from the burial of the transducer
and subsequent loss of the chart house and recorder (the recorder was later
retrieved by a fisherman). No usable data were collected from this gauge
during the winter operations. On the basis of experience in the summer, when
the Pointe au Loup gauge provided only a 50% time coverage due to water-logging
of the chart recorder, a third gauge was installed at Fatima wharf, located
13 km southwest of the west beach site. This is a more sheltered location than
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JULY/AUGUST NOVEMBER

West East West East
Barometric
Pressure 100% 100% 100% 100%
Air Temp. 100 100 95 94
Sky Condition 100 100 100 100
Wind Velocity 100 100 81 69
Wind Direction 100 100 95 94
Water Level 55 75 100 0
Groundwater
Level 1 - - 100 100
Groundwater
Level 2 - - 100 99
Groundwater
Level 3 - - 80 58
Rainfall 100 100 100 100
Offshore Wave
Period 100 78 0 90
Offshore Wave
Height 100 78 0 90
Nearshore Wave
Period 89 93 100 100
Nearshore Wave
Height 89 93 - -
Breaker Ht. 100 100 100 100
Breaker Type 100 100 100 100
Breaker Dist. 100 100 100 100
Breaker Angle 95 100 100 100
Offshore Current
Vel. and Dir. 1 L - 100 -
Offshore Current
Vel. and Dir. 2 100 0 23 -
Nearshore Current
Vel. and Dir. 3 65 - 0 0
Longshore Current
Velocity 97 100 65 79
Longshore Current
Direction 97 100 75 96

Table 2.1 Data recovery. The data collected during each phase
of the study are given as a precent time of the total
possible observations.



JULY/AUGUST NOVEMBER
West (S1) East (S52) West (W1) East (W1)

Min. Mean Max. Min. Mean Max. Min. Mean Max. Min Mean Max.
Barometric Pressure (mb) 1003 1014.0 1022 | 1003 1014.3 1024 982 1011.3 1026 983 1011.3 1027
Air Temperature (°C) 10.5 17.7 2h4.5 | 10.5 17.7 25.0 | -2.0 +1.4 10.0 | -4.5 +1.4 7.0
Wind Velocity (km/hr) 0 19.0 58 1.0 20.8 76 6 35.7 79 7 32.9 77
Wind Direction (°) 0 202.9 360 0 218.6 360 0 202.2 360 0 186.4 360
Water Level (cm) 102 122.3 168 53  96.4 139 4 94,3 147 - - -
Groundwater Level 1 (cm) - - - - - - 584  622.1 673 248 287.9 360
Groundwater Level 2 (cm) - - - - - - 579 618.1 667 225 281.3 322
Groundwater Level 3 (cm) - - - - - - 5h2  609.2 695 183 249.2 370
Rainfall (mm) 0 0.1 2.0 0 0.1 2.0 0 0.4 9.0 0 0.3 4.0
0ffshore Wave Period (sec) 1.5 4.1 8.0 | 1.5 4.6 7.5 - - -1 1.0 6.6 10.0
Offshore Wave Height (cm) 10 55.5 220 10 4.2 180 - - - 20 108.7 350
Nearshore Wave Period (sec) 1.5 4.2 8.0 1.5 L.t 7.5 2.8 5.1 12.1 2.0 5.2 9.7
Nearshore Wave Height (cm) 10 61.1 220 10 39.4 180 - - - - - -
Breaker Height (cm) 0 58.5 200 0 36.8 200 20 106 400 10 77.8 400
Breaker Distance (m) 0 92.4 330 0 28.6 220 0 191.9 800 10 125.1 700
Breaker Angle (°) 0 101.9 180 0 82.2 180 0 87.7 180 0 61.5 180
Offshore Cur. Vel. 2 (cm/sec) 1 5.7 51 - - - 1 20.1 75 - - -
Offshore Cur. Dir. 2 (°) 0 114.9 360 - - - 20 112.7 235 - - -
Nearshore Cur. Vel. 3 (cm/sec) 1 10.4 80 - - - - - - - - -
Nearshore Cu. Dir. 3 (°) 0 96.7 360 - - - - - - - - -
Longshore Cur. Vel. 4 (cm/sec) 0 24.3 90 0 19.6 112 10 54,5 125 1 31.0 123
Longshore Cur. Dir. 4 (°) 180  272.9 360 | 180 302.4 360 180 266.7 360 180 262.5 360

Table 2.2 Summary of environmental variables

ql
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the Pointe au Loup wharf and the gauge installed here provided a 100% coverage
during the winter phase.

(d) Wave Data: Four continuous wire-wound resistance-type wave staffs,
6.1 m in length, were installed on two sets of towers which were designed so
that the staffs could be installed vertically in 6 m and 3 m water depths,
relative to mean tide level. The towers were erected on the beaches (Photo
2.1) and towed to their respective sites (Fig. 1.1, 2.1) using buoys as
flotation devices. At each beach underwater cables connected the resistance
staffs to a Gould Brush 222 two-channel strip chart recorder. During the
summer phase all four systems worked well, with only minor interruptions (Table
2.1) due to mechanical problems and, in one case, due to a cable break which
was quickly repaired. Upon returning to the sites in October only the #4 tower
and staff remained intact and operational. To record wave data on the west
side during the winter phase a Hydro Products In-situ Wave and Tide Recorder
(model 521) was installed at the site of the former #1 tower. This pressure
sensor could not be recovered at the termination of the project due to adverse
wave conditions.

The two Gould Brush recorders were operated at a chart speed of 1 mm/sec.
For each three hour station the wave period was obtained by counting the
number of zero crossings over a 100-second period. This was done three times
and the values averaged. Significant wave height was taken as the highest one-
third of all waves over a 100-second interval. Again, this was repeated to
give three values which were then averaged.

(e) Nearshore currents: In the summer phase Aanderaa remote recording
current meters (Model L) were installed on the #1 and #3 towers (Fig. 2.1a).
Data were recovered only from the former meter. Two Bendix Q-9 Savonius Rotor
meters were installed in the trough and on the middle bar at the west beach
site (Figs. 2.1a). These were connected to shore by underwater cables and
provided both direct readout and analog records, the latter on Rustrak recorders.
Examples of the Rustrak output are given in Figure 2.2. The meters were
installed so that the rotors recorded a current 30 cm from the bottom. Both
meters functioned well although the outer meter was subject to periodic burial
as sand waves migrated over the equipment. Both meters were recovered before

monitoring terminated as the rotors were excessively fouled and the meter bases
had been tilted due to scour.

For winter operations Aanderaa meters were installed at the former #! tower
site and at the #3 tower site. The latter was not retrieved because of adverse
wave conditions which prevented boat operations. One Braincon 381 current meter
was set up at the #2 tower and a second in the nearshore trough landward of the
#3 tower (Fig. 2.1b) on the east beach. Neither were recovered, in the latter
case because it was buried by sand and could not be removed from its mounting.
Data recovered from the Aanderaa meters at the #1 tower site on the west beach
are given in Figures 2.4 and 2.5. (pages 61 and 99).

(f) Longshore Currents: Current velocities were measured using balloons
filled with water. Movement of the balloon was timed with a stopwatch and the
distance travelled measured by tape. Three velocities were averaged to obtain
the recorded value. During storms great difficulty was experienced with this
technique, particularly at night, and frequently no data were obtained.

(g) Breaker Variables: Breaker height was estimated from the beach. To
provide a basis for estimation three posts, graduated every 10 cm, were placed
in the breaker zone. However during storms when waves broke offshore the




Photo 2.1
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Each of the four wave towers was assembled on the

beach before being towed into position in the nearshore
zone. This photograph shows the #4 tower which was
installed in 6m of water at the east study site. The
tower has three legs as a base and the assembled unit is
held firm by nine wire stays. |In this photograph the
flotation buoys have been attached to the tower prior

to "launching'.
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Figure 2.1 Instrument locations. The locations of the wave towers and current meters on these
nearshore profiles are shown in relation to the nearshore topography. The exact
geographic location of the instruments is shown in Figures l.lc and 1.1d.
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NEARSHORE CURRENT DATA
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Figure 2.2 Selected samples of analog nearshore current data
output from the two Bendix meters (CV2-CD2 and CV3-
CD3) which were installed on the west site in the
trough and at the middle bar, respectively (Fig. 1.lc)
in the summer on the west site. The data points were
recorded every second on a Rustrak chart recorder and
are reproduced exactly in this series of diagrams.
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accuracy of the estimates was reduced. Breaker distance was estimated to the
nearest 10 m using the posts and wave towers as fixed reference points.
Breaker angle was measured with a compass, and breaker type was recorded using
the following scale (derived from Galvin, 1968):

1 = spilling breaker
2 = spilling~plunging
3 = plunging

L4 = surging
5

= no breakers

Breaker period was measured during the winter phase by counting the time for
eleven crests to pass a fixed point, such as a breaker post, and dividing the
time by ten. This was repeated three times and the values averaged.

(h) Groundwater Elevations: During the winter phase, to monitor changes in
groundwater elevation on the beach above mean high water level, three 3m
plastic pipes, 5cm in diameter were buried to a depth of 2.0m. A small mesh
screen, attached to the base of the pipe, prevented the entry of sand. An
aluminum rod was attached to six corks which floated on the water surface in
the pipe and the pipe tops were sealed leaving sufficient room for movement of
the rod. The tops of the pipes were levelled into the beach survey network and
measurement of the groundwater elevation was made from the top of the pipe to
a mark on the aluminum rod.

Data Reduction:

A plot of the observed data and a cumulative plot of the first 15 Fourier
harmonics was produced for each environmental parameter monitored at both study
sites for both phases. This harmonic trend analysis using a single Fourier
series was adopted from Fox and Davis (1971) and was applied in order to
emphasize major trends by smoothing out minor fluctuations in the data. One
example of the output from the Fourier analysis is given in Figure 2.3 and
plots of the cumulative first 15 Fourier harmonics of selected data are given
in Figures 2.6 to 2.14 following the data output.

Data Format:

The data are presented as (1) a series of tables of the computer print-out
of the measured values; (2) a plot of the values; and (3) selected plots of
data and cumulative Fourier curves. The plots of values are presented using
the same units of measurement and in the same order as the sequence of columns
in the computer print-out. The format for the computer print-out tables is:

S Station, west(l) or east(2)
D Day

T Time (Atlantic Standard Time). Data collected during the
winter phase are designated by the number 1 as the fourth
digit in the time column (e.g. 2101)

BP  Barometric Pressure, in millibars
T Air Temperature, in degrees Centigrade
SKY  Sky Condition, denoted by a code explained on page 13
WIND SPD Wind Speed, in km/hr
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Figure 2.3 Winter west tide data, (a) observed data (in cm)

(b) cumulative first 15 Fourier harmonics and
(c) residual.
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Wind Direction, with reference to true north

Water Level, in cm, from tide gauge records

Groundwater Elevation, in cm, at the #l station (with
reference to the study site datum plane)

Groundwater Elevation at the #2 station
Groundwater Elevation at the #3 station
Rainfall, in mm

0ffshore Wave Period (seconds) and Significant Wave
Height (cm) recorded at the #1 and #4 towers

Nearshore Wave Period (seconds) and Significant Height
(cm) recorded at the #2 and #3 towers during the summer
phase. In the winter phase Nearshore Wave Period was
measured by timing the passage of eleven crests past a
a fixed point

Breaker Height, in cm

Breaker Type, noted using the code explained on page 20

Breaker Distance, in meters, from the swash line

Breaker Angle, measured with reference to the beach facing
seaward (0° is to the left and 180° is to the right).
Therefore, on the west beach a value of 150° refers to
breakers approaching at an angle of 30° from the west-
southwest. On the east site this value would refer to
breakers out of the northeast at an angle of 30°

0ffshore Current Velocity (cm/sec) and Direction (degrees
true north) at the middle current meter (Outer Bendix) on
the west site

Nearshore Current Velocity (cm/sec) and Direction (degrees
true north) at the inner west site current meter (Inner
Bendi x)

Longshore Current Velocity (cm/sec) and Direction (0° = no
current, 180° = to the south, and 360° = to the north)

The data plots (pages 45 to 120) are presented in the same units as the

computer outputs of the data described above. The units on the horizontal (time)

axis are number of days from the commencement of monitoring.

An index of the location of data and Fourier plots of the environmental

variables is given in Table 2.3 (page 131).
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SUMMER DATA
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SO T 14 T SKY WIND WL Gw)l Gw2 GW3 K  OFFShCRE NEARSHCRE BREARER cvz CD2 CVv3 CD3 Cvs CDs

aS1 My c PP ulk CcM CM CM Cm MM WP WH WP wH RHB T pIS ang
1 4 0 1012 19.¢ 5 3 v 0 4.0 30 4,0 3Iv 20 1 10 170 1 150 1 45 10 360
1 4 300 1612 19.u 9 1 244 1 4.0 20 &40 20 20 1 10 170 1 9 1 45 9 360
1 & ©6yp 10ie 18.9 5 3 120 0 3.5 20 4.0 20 20 1 10 169 1 360 1 360 8 3690
1 & 900 102 20.u ° S 15 0 440 20 4,0 20 301 10 1o 2 1o 1 200 4 189
1 4 1200 1¢l1l 19.5 5 g 160 0 4.0 20 440 20 302 10 ] 3 25 1 190 3 180
1 4 1500 1011 2l.0 9 2 145 0 3.0 20 3.0 2u 20 1 1o 0 2 45 1 30 2 360
1 & 1800 1010 20.0 S )1 214 0 3.0 10 3.0 10 10 4 10 170 1 50 1 220 110 36¢
1 & 2100 1009 19.0 5 15 145 1 3.0 10 3.0 10 10 4 10 1890 1 1890 1 180 6 360
1 5 0 1008 20.0 S 15 255 1 2.0 20 2.0 230 05 0 160 1 150 1 20 16 389
1 S 300 1006 21.u 5 20 270 0 2.0 30 2.0 30 30 4 10 15% 1 &5 5 10 28 369¢
1 S 600 100% 20.5 5 32 27 1 3.0 70 3.0 70 69 1 150 150 5 45 6 360 38 360
1 5 900 1004 205 5 37 275 0 3.0 70 3¢5 70 100 1 150 155 3 120 10 30 66 3&p
1 5 1200 l1u0% ¢2.0 3 41 27U 0 3.5 100 3.9 90 120 2 170 188 15 &0 13 25 63 360
1 5 1500 1063 24,0 2 38 28y 0 3¢5 90 3.5 90 80 1 190 160 8 350 9 10 45 360
1 S 1800 1003 22.u 2 31 295 0 440 80 400 80 80 1 180 1690 4 8 7 10 65 360
1 5 2100 1005 20.0 1 3¢ 315 0 5.0 70 5.0 60 Bg 1 200 160 s 20 10 40 26 360
1 6 0 1007 19.0 0 38 359 0 5S¢0 90 540 1060 100 1 200 165 9 20 25 &0 42 360
1 6 300 1005 18,5 ¢ Z6 320 0 6.0 90 6.0 110 90 1 150 178 12 60 26 34¢ g 389
1 6 600 1009 18.5 o 2% 315 0 7.0 100 7.0 120 150 1 250 u 16 70 31 45 15 18p
1 6 900 1011 18.5 90 24 315 0 S5e0 90 5.0 110 100 1 250 170 20 9u 15 90 1 360
1 6 1200 1011 ly,0 0 27 31: 0 4,0 BO 4.0 S0 100 1 250 170 7 70 25 S0 31 360
1 6 l5u0 1011 19.0 ) 32 32¢ 0 4.0 B0 4,0 80 100 1 250 15% 7 30 19 45 32 18g
1 6 1800 1011 20.5 1 28 320 0 4.0 70 4,0 80 9¢ 1 190 150 7 40 24 50 22 18p
1 6 21060 1012 17.0 1 6 lbv 0 4.5 60 4,5 B0 70 1 150 170 1 40 21 200 33 1&g
1 7 0 1013 18.0 0 2 32u 0 5.0 60 5.0 40 50 1 100 189 1 110 15 110 15 8o
1 7 300 1013 t$,0 3 26 320 0 640 90 7,0 12¢ 120 1 200 175 10 B0 26 90 4l 180
1 7 600 101« 18,5 0 3] 3zv 0 5.0 90 5,0 110 70 1 250 175 3 50 26 70 18 189
1 7 900 lolé 1S.5 0 30 304 0 S.,0 90 S.0 110 B0 1 250 17¢ 3 80 30 70 30 360
1 7 1200 1013 21.5 2 33 300 0 5.0 90 5,0 110 100 1 270 1658 3 70 30 70 62 380
1 7 1500 1012 23.0 2 40 243 0 5.0 100 6.0 110 100 1 180 30 12 30 25 60 69 360
1 7 1800 1011 22.,u 3 38 2wy 0 6.0 110 640 110 130 1 260 log 30 0 19 30 90 360
1 7 2100 julo 8.8 5 23 &g 2 6,0 100 6,0 90 60 1 150 17¢ g5 240 8 95 42 3890
1 8 0 1012 48,0 S 4§ 154 1 5,06 60 5,0 50 40 1 100 105 3 180 3170 40 350
1 8 300 1012 i8.0 5 16 5u 06 4.0 40 4,0 40 40 2 1¢0 173 1 3%0 1 180 20 180
1 8 600 1013 1le,5 5 ¢ 135 0 3.5 40 3,5 S0 30 2 100 150 1 360 1 360 4 180
1 8 900 1013 16,5 5 S 120 1 3.5 40 3,5 40 40 2 100 30 1 350 1 180 20 18q
1 8 12090 1014 15,55 13 718 1 3.5 50 4,0 50 49 2 200 3¢ 1 190 1 200 17 189
1 8 1500 1015 14,55 16 75 0 440 60 4,0 89 50 & 180 390 8 290 2z 250 30 18¢
1 8 l&go l0le 15,0 ¢ 32 ) 1 5S¢0 B0 5.0 6¢ 70 1 230 3¢ 4 210 9 220 39 189
1 8 2100 1017 14,5 1 30 «0 0 5.0 B0 5.0 80 60 1 200 30 2 200 5 250 4} 18¢0
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Gud ot Pt et Pt Yoot Gumt Pl Punt Gt Pl Pt P Pt b Gt o P ot Pt (ot Prdt ot Pund fued fuod fomd Pt ot Pt st Pt Pt Pt Gl Pt Pt fud st femt

) T Br T SKY wIpp wL GWl Gw2 Gw3 K OFFSHCRE AEARSHONRE BREAKER cv2 CDe Cv3 CD3 Cvs CD4

AST Mg ¢ SPC DIK CM CM CM CM MM WP WR WP wh HB T DIS ANG

9 0 1017 1449 2 3¢ 4v 0 5.0 70 4.0 70 501 200 30 1 170 3 180 30 180
9 300 1017 15,5 1 32 25 0 4.0 60 3,5 69 60 1 180 20 1 90 5 200 31 1890
9 €00 1vl? i5.5 1 29 @25 0 5,0 B0 5,0 120 130 1 260 0 10 330 32 160 30 189
9 Y00 1017 16 ¢ 23 5 0 5.0 80 5.0 100 100 1 260 1l¢o 12 250 1S 200 43 189
9 1200 1018 17.0 0 22 0 0 5.0 80 5.0 100 90 1 250 0 11 230 13 180 45 1890
9 1500 1018 16.5 2 28 15 C S.0 80 5.0 100 120 2 250 0 6 18p 31 200 30 180
9 1860 1019 16.5 1 29 360 0 5.0 B0 5.0 S0 120 1 200 0 3 100 25 125 52 189
9 2100 1020 l6,5 0 27 8 0 5.0 80 5,0 100 130 1 210 S 6 130 11 110 43 1890
10 0 1020 16,5 ¢ 23 345 0 5.5 70 5,510 120 1 200 5 6 100 10 100 36 189
10 300 1019 17,0 ¢ 17 325 0 5.0 70 5.0 80 100 1 180 5 1 120 7 130 34 18¢
10 60¢ 1019 18,0 v 20 345 0 4,5 60 4,5 70 S0 1 200 5 1 110 7 110 -37 189
10 Yoo 1020 17,0 0 24 395 0 4,0 60 4,0 70 100 1 200 5 1 14n 10 140 43 18p
10 1200 1020 17.0 0 24 360 0 4,0 60 4,0 70 100 1 160 10 1 120 9 100 31 189
10 1500 1620 17,0 1 25 360 0 4,0 60 4,0 70 120 1 200 10 2 120 2 70 35 18p
10 1Byu0 102u 18,0 1 25 345 127 0 4e0 ©0 440 €0 80 1 170 10 1 110 10 70 37 189
10 2100 1021 17.0 1 20 35% 129 0 4.0 70 4.0 60 80 1 1%0 5 1 100 6 110 45 18¢
11 0 1021 la.0 1 13 330 1l2s VD 4,0 60 4,0 70 1001 100 ] 1 120 2 100- 30 180
11 300 1021 17,0 0 13 310 124 0 4,0 60 4,0 70 1001 8y S5 1 loo 4 110 41 180
11 6yup 1020 18,0 1 13 315 1290 6 3.5 50 3.5 60 80 1 50 5 1 7o 5 90 16 18¢
11 Y00 1020 1S.0 1 1& 395 117 0 3.5 50 3.5 60 60 1 60 18¢ 1 S0 10 100 29 189
11 1200 1019 20.0 1 19 310 117 0 3.5 60 3.5 €90 60 1 80 18y 1 &9 13 80 27 180
11 15¢0 1018 20.5 1 18 310 121 0 4,0 70 4,0 70 1001 90 & 1 110 10 llo 24 180
11 18u0 1018 20.5 1 8 3¢5 128 0 44,0 60 4,0 60 1001 30 5 1110 8 To 20 189
11 2100 1018 19,0 © 7 29% 132 0 4,0 50 4,0 40 50 1 30 175 1 130 5 60 16 369
12 0 1017 19.0 0 14 300 133 0 3.5 40 3,5 80 402 10 170 1 329 5 60 21 369
12 300 1016 19,0 0 13 390 132 0 3.5 50 40 ¢ 20 1890 1 320 S 70 21 180
12 600 1016 19,0 1 11 315 127 0 3.5 50 40 2 30 170 1 60 8 70 27 180
12 900 1017 20.0 1 8 315 124 0 4.0 50 40 2 30 165 1 2¢0 S 60 29 180
12 1200 1017 20.5 1 8 330 22 0 64,0 40 301 30 179 1 120 1 90 31 180
12 1500 1017 22.0 O 1 32y 125 0 3,5 30 301 20 18¢ 1 45 1 180 14 189
12 1800 1017 24.5 ¢ 0 v 137 0 3.5 3¢ 20 1 10 170 1 45 1 9 0 189
12 2100 1017 19,0 © 2 225 142 0 3.5 30 301 10 18¢ 1 40 1 40 0 3690
13 0 lol7 18,5 ¢ 7 195 14} 0 4.0 20 301 10 180 1 39 1 90 0 360
13 3vQ 1017 18,0 0 & 195 134 0 4.0 10 2002 10 180 1 60 1 20 0 360
13 60pp 1016 15.5 ¢ Y 215 126 0 3.5 10 204 10 lo 1 30 1 20 7 369
13 900 1017 24.0 0 12 240 118 0 2.5 20 20 1) 10 40 1 3o 1 20 13 360
13 1200 1016 26.5 ¢ 14 245 112 0 3,0 30 2001 20 3v 1 B0 1 40 32 36¢
13 1500 1016 28,0 v 15 260 113 0 3.0 50 20 1 40 l«o0 1 320 1 260 10 389
13 1800 1014 29,0 ¢ 1l 230 121 0 3,0 S0 40 1 10 145 2 Su 1 30 20 360
13 2100 10615 21.0 0 21 225 13) 0 3.0 50 20 1 10 15¢0 1 350 1 10 20 369
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Pt ot ot Gl Gt Gt Gt Pt fuod Pt Pt fud Gt Gt Past fub Pod Pud Pt Gt funt Pt Pud (ot Gt Jud Gt (ot Pt G ot Pt Pt oot et Gt ot B gt P

T Br i SKY wilNp WL Gwl Gwé CGw3 R OFFSnCRE AEARSHORE BREAKER cve Ch2 CcV3 CD3 cvs CD4

AST M3 C 3P0 Ulr CM CM M CM MM wP whH WP WH KB T DIS ANG
0 101% 20«0 1 21 225 134 0 2.5 490 1601 10 lou 1 20 1 20 18 36¢
300 1013 1v.0 1 16 223 130 0 2.0 2v 101 10 1o 1 10 1 30 12 360
600 1013 19,0 1 18 2¢2% 123 0 2,5 30 10} lu 1e8 1 1o 1 20 13 360
Y00 1011 20.0 1 1 212 115 0 2.5 30 10 1 0 135 1 1w 1 20 18 36¢
1200 luoY 20,5 1 17 210 1lo 0 2.5 2u 10 1 10 160 1 3 1 20 11 360
1500 1ous 21.0 9 6 lbu 108 0 3.0 20 3.0 20 10 ¢ 10 174 }y 330 1 180 6 18¢
1800 lou! 29,5 o 3179 11e 0 3.5 20 3,5 30 10 L 10 150 1 165 1 180 3 18¢
2100 1003 26.0 S 1 d45 128 0 3.5 20 3.5 20 10 1 10 150 1 %o 1 180 2 18¢
0 luod lB.9 5 22 49 136 1 3.0 40 3,0 50 10 1 20 1®80 1 40 1 200 13 189
300 lou? 17,0 5 91 2v 135 0 4,0 120 4,0 130 100 1 220 0 15 140 17 120 44 18g
600 1019 15.9 4 Sy 19 129 0 5.5 160 5.5 170 200 1 240 0 25 1% S¢ 120 58 18g
900 1011 i5.0 ¢ 93 10 123 0 8,0 220 B.0 220 200 1 240 180 51 200 50 250
1200 101l l5.0 3 58 v 114 0 7.9 210 7.5 160 200 1 240 180 50 120 1 220 11 1890
5 1500 1012 15.0 2 953 5 111 0 7.5 200 7.5 160 200 3 300 S 51 l#g 180
1800 1012 1lh9.% 4 9] 15 11e 0 745 190 7Te5 1S5S0 200 3 320 0 50 150 8 18p
€100 1013 laeg 4 486 g 123 0 7.0 190 7.0 180 200 3 330 31 120
0 1012 13.0 ¢ 39 345 123 0 6.5 180 645 180 190 3 330 25 220
300 1011 4ue2 5 36 359 133 1 6.0 140 60 130 190 2 330 25 16¢
600 1011 1l.5 9 37 iv 129 1 6.0 140 6.0 160 180 2 320 0 20 139
Y40 101l ilem 5 30 15 122 1 5.5 YU 5.5 90 180 & 270 ¢ 15 16y 45 180
1400 1011 13«9 2 19 oU 113 0 5.8 100 180 2 270 0 13 160 £8 180
1200 lu0i2 14.0 & 28 39 119 1 6.5 120 120 & 260 0 26 120 46 18g
1800 1013 139 5 37 45 107 1 6.0 L10 6.0 170 150 2 260 0 26 leu S1 18¢
2100 101> 13.9 9 34 c 113 1 5.5 90 5.5 1860 120 2 260 1 130
0 1015 132 5 26 2> 1117 0 5«5 BY 5.5 890 110 2 200 1 125 66 180
300 lul> l4.0 5 21 30 123 0 S50 70 5.0 S0 100 ¢ 180 1 90 51 1890
6U0 1013 Lt4s0 1 16 ¢5 120 0 5.0 60 5.0 70 80 2 140 g 1 11u 34 189
Y00 1019 15.0 1 12 3340 lle 0 4¢5 60 4495 50 80 ¢ 130 S 1 120 18 189
1400 101> 17.0 1 10 312 106 0 445 50 4.5 50 40 1 100 10 2 90 33 3690
1900 1uls 1.0 9 d Juu 104 0 4.0 40 440 40 40 L 2v 0 1 3n 7 360
1800 1013 l8.9 1 15 21> 1in% 0 3.0 30 3.0 30 201 1lu 0 1 4 10 360
2100 1013 16.5 0 12 2uvu 112 0 3.5 30 3.5 30 20 2 10 ()} 1 &S .§ 360
0 lui2 7.0 0 le 1v> 119 0 540 20 %0 20 20 L 10 1 90 10 3690
300 1011 16,5 1 12 210 126 0 5.0 20 5,0 20 301 10 1 10 19 360
600 1010 18,0 1 19 219 129 0 2.5 30 2,5 30 301 10 1 0 25 369
Y900 1010 1ld.9 5 26 219 124 0 3,0 40 3.0 40 20 1 10 15 1 ¢ - 30 J6¢
1200 1004 L840 9 34 229 118 1 3.0 50 3.0 50 20 1 10 1lé0 1 350 36 369
1500 1007 1E,2 5 4y 225 113 0 3., 50 3,0 50 100 1 100 le0 1 10 61 360
18060 1007 18,0 © 30 240 114 1 3.5 o600 3.5 60 100 1 120 160 1 1o 65 36¢
2100 1008 1l8.5 1 11 243 117 0 3.5 50 3.5 30 20 1 30 l%0 1 300 11 369
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SO r U T oSnY wlau WL GW] Gw2 w3 W OFFSHCHE AMEARSHCRE uREARKER cvV2 Ch2 CV3 CD3 CV4 CD4

AST Mbs ¢ SPU uUln CM CM CM CM MM Wp wW WP wH ki T DIS ANG

119 0 luuvd L8y B 6 15 114 0 4.0 30 40 30 20 1 2u 150 1 Y0- S 360
1 19 300 10u9 lb.0o 2 S 2u 120 0 4,0 30 4.0 30 301 1o 1 34y 7 369
1 19 600 101y 14,5 1 5 23 12% 0 4,5 30 4.5 4u 40 1 20 0 1 330 6 180
1 19 Yyo lule 1e.%5 ¢ ] ¢ 124 0 5,5 40 5.5 40 49 1 30 0 1 333 43 369
1 19 1200 1013 18.9 ¢ 5 30 117 0 4.5 30 4.5 30 3001 20 1o 3129 12 189
1 19 1500 1ul4% 21«5 0 4 1oy 113 0 4¢5 30 4e5 30 202 2&v 0 3 360 S 189
1 19 1d¢g 1015 <¢o,u 1 2 195 114 0 4.5 30 4,5 30 20 1 2v g 5 50 2 189
1 19 2160 1l0lo 1.5 0 i} 115 U 445 30 4.5 30 20 1 1o 1 130 S 1890
1 20 0 1016 §f.u 1 5 195 116 0 4,5 20 4.5 20 10 ¢ 10 0 1 150

1 20 300 1lvld 17.0 1 1 195 117 0 4.5 20 4.5 20 10 1 1u 18¢ 1 30 3 36¢0
1 20 o000 lol7 le.5 1 0 U lz21 0 4,5 10 4.% 10 10 1 10 180 1 330 1 360
1 20 9Ju0 luld 18.5 5 18 129 122 0 45 10 45 10 10 1 10 189 1 29 14 189
1 20 1400 1019 9.0 4 3 ou 118 0 4.0 10 &0 10 10 4 1o 19 1 140 S 180
1 20 4500 1020 9.0 4 I 45 llo 0 4.0 10 4.0 10 10 4 10 8 1 60 2 189
1 20 1800 1041 L2951 1 110 129 0 4.0 20 40 20 10 4 10 5 1 20 5 18¢
1 20 2lyo 1uée 17.u v ] 0 40 20 40 20 10 ¢ 1lu 1890 1 59 3 18¢
1 21 0 1022 lee U 0 0 4.0 10 4.0 20 10 4 10 189 1 145 2 180
1 21 300 10é2 la.5 0 1 21y 0 4.0 20 40 20 10 ¢ 1lu 180 1 2y 1 180
1 21 o000 1022 13.5 & 1 #2538 0 5.0 10 S.0 10 10 ¢ 10 0 1 30 3 360
1 21 900 1082 2y.u v 6 295 0 1.5 1o 1.5 10 10 4 1o 0 2 110 8 3690
1 21 1200 1021 1d.¢ 0 13 24y 0 2.5 20 2.5 20 20 4 10 15y 3 Yy 7 3690
1 21 1200 1020 18.5 v 14 24y 0 2.5 30 2.5 30 3014 ly 13% 3 389 22 369
1 21 lduo 1019 17.0 v 12 22% 0 3.0 40 3.0 40 301 10 l4y¢ & 1u 15 3690
1 21 2100 1019 2le® 0 13 245 0 3.0 40 3.0 490 301 20 160 2 29 19 360
1 22 0 luls 20.0 ¢ 28 guy 0 3,5 50 3.5 5S¢0 40 1 30 155 5 364 52 36¢
1 22 300 1017 18.5 ¢ 23 cvu 0 S 60 4.0 60 50 2 TU 10 11 34 72 369
1 22 6uo 1017 18.,% 0 1Y zut 0 4.5 60 4.5 6y 50 2 100 170 5 20 50 360
1 22 3Ju0 luls ls.0 0 19 30v 0 4.5 50 4.5 50 40 1 10v 170 5 390 33 360
1 22 1200 luls 0.5 0 11 Zzus 0 5.0 60 5.0 60 60 1 120 165 B 60 37 360
1 22 1300 lul3 23.0 v 13 245 0 4.5 50 4.5 50 B0 1 100 lo5 7 40 45 3690
1 22 1800 1014 24.5 0 12 252 0 4.0 50 4.0 60 60 2 100 155 8 30 40 360
1 22 2100 1uls 22.0 U 248 272 128 0 4.0 Tu 4.0 70 100 1 80 le60 3 30 46 360
1 23 0 lol3 20.u 0 23 29 126 0 5,0 90 4.0 80 100 1 100 lev 2 86 360
1 23 300 1013 13,0 0 23 3¢5 1}18 0 5.0 70 4.0 80 100 2 1¢0 1690 1 3v 83 360
1 23 600 101+ 12,9 9 25 50 113 0 4.5 60 4,0 60 100 1 110 170 1 30 29 360
1 23 900 1019 17.0 ¢ 13 9u 111 0 4.0 S0 4.0 SO 90 1 100 leS 1 1&g 17 180
1 23 1é00 101w Ll8.u L 19 7u 111 0 4,0 70 4.0 70 90 1L 100 30 1 16v 19 180
1 23 1500 101a 17.0 ¢ 14 69 113 0 S.0 50 5,0 60 80 1 80 2% 2 ls6U 26 180
1 23 1800 101% 16,0 5 195 120 117 0 4,0 60 4,5 10 80 1 70 30 1 Y 23 189
1 23 2100 101Y 16,5 5 22 120 125 80 4.5 50 4,5 5¢ 301 10 190 1 27u 22 189
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S0 I sr T SAY wisp wl  GW} GW2 Gw3d kK OFFSHCR: AEARSHCKE BHREAKER cvz CL2 CV3 CD3 CV4 CD4
AS1 My C SPFC LIn Cm CM (M CM MM WP W WP wH Fg T DIS ang
1 24 0 1018 13,5 » s §¢% 122 1 4,0 50 4,5 50 30 1 10 J 1 150 38 189
1 26 300 1uib le,0 5 e joy 118 1 3.5 30 3.% 30 10 ¢ 1lvu G 1 149 6 180
1 26 600 1012 19.u 2 23 1lv 115 1 5,0 20 5.0 20 10 4 1 9 1 4% 2 189
1 24 900 1014 ibeu 1 103 114 1 3.5 30 5.5 30 10 ¢4 10 29 1 45 5 18¢
1 24 1200 1013 16,0 5 3¢ 155 114 1 3.0 30 6.0 30 10 4 10 39 1 75 9 180
1 26 1500 1012 145 9 33 jo2 115 1 7.5 30 75 40 10 4 10 15 1 129 3 18¢
2 30 430 1014 jb.5 5 27 210 114 0 4.0 ©0 3.5 SO0 40 2 30 30 . 4] 360
2 30 730 1019 15,9 &« 17 ¢lu 98 0 4.0 D0 4.0 650 501 30 3 43 360
2 30 1030 1020 16. 3 22 130 oY 6 4.0 50 4.0 S0 50 1 30 3¢ 39 360
2 30 1350 1020 18,5 ¢ 16 190 56 0 4,0 50 4,0 S0 50 1 490 0 22 3690
2 30 1630 102w L7,u S L7 15U B3 0 4.0 30 3.0 40 40 ¢ 30 llo 21 18op.
2 30 1930 1019 le.o 4 18 150 107 0 4.0 30 4,0 S50 -50¢2 vy 1ly 33 189
2 30 €€30 10619 15,5 o 16 o2 102 0 4.0 30 4.0 40 40 ¢ 59 1Ty 19 189
2 31 130 1017 13.2 3 23 189 100 0 4«0 30 440 30 40 2 «0 170 16 180
2 31 430 10le 14,5 4 1y le> 110 0 4,0 40 4,0 40 40 1 20 175 7 180
2 31 /30 1019 l6,u 2 25 150 1038 0 4.0 50 3,0 30 50 2 20 180 8 369
2 31 1u30 1014 L7.,v v 24 LoDy 80 1 5.0 40 4,0 4 40 L 20 17y 16 369
2 31 1330 1uls l7.u ® <23 99 57 1 4.0 50 440 50 60 1 5Su 17y 13 18¢
2 31 1630 1lul2 lb.u 9 16 iby B8} 1 4.0 50 4.0 S0 B0 2 50 1790 2% 1890
2 31 1930 1011 leett & 18 Iws 111} 0 4,0 S0 4,0 SO 50 2 40 lud 26 180
2 31 €230 1ulo 16,0 L 29 21lvu 111 0 4,0 5u 4,0 50 50 2 5y loy 15 360
2 1 130 luolo l7.u v 15 24u 104 0 4.0 40 4.0 40 40 1 490 loy 35 369
2 1 430 1uuY 170 @ 20 €20 115 0 440 40 4o0 44U 30 2 40 1BY 20 3690
2 1 730 luud 1l.0 1 24 zo0 123 0 4,0 4V 4.0 40 30 2 3uvu 15 33 360
2 1 ludo lova 18,9 3 26 2% 93 9 4,5 30 3,5 40 50 2 30 18y 40 360
2 1 1330 1009 22.0 3 22 2-0 69 0 4.0 3u 4.0 30 40 2 &3 )75 39 360
2 1 lo3(¢ 1008 2440 U 2% ¢bc 68 0 4,0 30 4.0 30U 49 L 30 180 25 360
2 1 1930 1008 22.0 0 L6 245 log 0 4.0 30 4,0 30 301 10 0 20 360
2 1 2230 10uvY 19,5 0 €3 ¢vd 118 0 4,0 30 4,0 30v 30 1 o 0 13 360
2 2 130 luu? 13,0 90 23 27u 99 0 2.5 20 2.9 20 20 1 10 20 20 369
2 2 430 1007 lBed u 22 275 110 0 2.0 20 2.0 20 20 L 1o 189 13 360
2 2 13u 1lulu 18.D 0 32 ¢35 125 0 2.0 20 2.0 2v 20 1 190 U 13 360
2 2 U300 1012 29.0 1 41 evd 104 0 2.0 20 2.0 2v 20 ) 0 lug 19 360
2 2 1330 lol+ 21,0 1 39 Jduu 60 0 1,5 20 1.5 2v 20 1 0 1lo0 32 360
2 2 1630 1ol 20.5 0 27 30v 62 0 5.0 20 101 10 189 22 360
2 2 1930 1019 19.95 1 16 2o5 101 0 6.0 20 101 0 180 13 360
2 2 2230 1016 16.,u 1 9 295 113 0 6.0 20 1001 10 1o 3 360
2 3 130 lulo lo,0 1 12 ¢i5 84 0 6,0 20 101 1o S 7 35¢
2 3 430 101> 16,91 1S 275 93 0 6.0 20 10 1 10 g 7 360
2 3 130 luld 19,9 ¢ 47 295 117 0 6.0 20 101 lo 5 12 360




So { Be T ShY walang wL Gwl Owe Gw3d r OFFSHMCRE AEARSHCRE BREAKER cvY?2 Cué CV3 CD3 CV4 CD4

adl Mp c SPL Lin (m CHM CM Ch MM wP wrn WP WH HE T DIS aNnG
2 3 1030 101% 20+ ¢ 21 203 111 0 60 Z0U 10 L 1o S 17 360
2 3 1330 10l% €0.5 5 23 ¢I> b4 0 1.5 20 10 1 1w & 37 360
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Figure 2.5 Plot of direction and velocity data from the Aanderaa current meter at the #1
wave tower site in the winter phase. Dates are given as Julian Days (314 =
November 10; 327 = November 23; 340 = December 6; and 353 = December 19).
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Figure 2.6 Summer west: meteorological and wave variables, and near-
shore current data. All data are graphs of the cumulative
first 15 Fourier harmonics, except for barometric pressure
which is a plot of the real data points. Shaded areas
indicate times of onshore winds on the west coast. Current
data are from the two Bendix meters.
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data points. Shaded areas indicate times of onshore winds
on the east coast.
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Figure 2.10 Winter west: meteorological and wave variables. Al} data are
graphs of the cumulative first 15 Fourier harmonics, except
for barometric pressure which is a plot of the real data points.
Gaps in the wind data are interpolated from observations at

the east site weather station. Shaded areas indicate times of
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127
WINTER EAST

BAROMETRIC  '0I0[

PRESSURE (mb)

990
282
80F,
60}

WIND SPEED (kph) 40

20

[+]

360}
OFFSHORE S

OFFSHORE N 27°f

ONSHORE N ‘803

ONSHORE s %°

WIND DIRECTION (°)

(o}

340}
300}
260}
OFFSHORE WAVE 220f

HEIGHT (cm) 180f
140

a0t

8.0}
OFFSHORE WAVE
PERIOD (sec) 60

4.
25
4001
350 f:
3001
250
200}
150
100

50
o L

700
600
500

BREAKER DISTANCE 4001
(metres) 300}

BREAKER HEIGHT
(cm)

25 30

|‘.; 20
NOVEMBER
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SUMMER WINTER

West (S1) East (S2) West (W1) East (W2)
Barometric Pressure .46 (122) .68 (123) 84 (126) 104 (127)
Air Temperature L7 69 85 105
Sky Condition L8 70 86 106
Wind Velocity k9 (122) 71 (123) 87 (126) 107 (127)
Wind Direction 50 (122) 72 (123) 88 (126) 108 (127)
Water Level 51 125 73 125 21 89 (21)(128) 129
Groundwater Level 1 - - 90 128 110 129
Groundwater Level 2 - - 91 128 111 129
Groundwater Level 3 - - 92 128 112 129
Rainfall 52 74 93 128 113 129
O0ffshore Wave Period 53 75 - 114 (127)
0ffshore Wave Height 54 76 - 115 (127)
Nearshore Wave Period 55 (122) 77 (123) 94 (126) 116
Nearshore Wave Height 56 (122) 78 (123) - -
Breaker Height 57 (122) 79 (123) 95 (126) (128) 117 (127) (129)
Breaker Type 58 80 96 118
Breaker Distance 59 (122) 81 (123) 97 (126) 119 (127)
Breaker Angle 60 82 98 120
0ffshore Cur. Vel/Dir(CV/CD1) 61 - . 99/101 -
Offshore Cur. Vel. (CV2) 19 62 (122) - - -
Offshore Cur. Dir. (CD2) 63 - - -
Nearshore Cur. Vel. (CV3) 19 64 (122) - - -
Nearshore Cur. Dir. (CD3) 65 - - -
Longshore Cur. Vel/Dir(CV/CD4) 124 124 130 130

Table 2.3 Location index of data and Fourier plots (Fourier plots are bracketed)

1€l
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PART 3

COMPUTED WAVE POWER VALUES
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Derivation of Values:

Wave power values (E) for each cm? surface area of the incoming wave was
computed from:

E = pgH?rms . 10800 ergs/cm?/3 hours (m
=5 T
where: HrmS = /Hz sign , p is the density of sea water and g is the
2
acceleration of gravity (2)

No wave data were obtained from the west study site during the winter phase
and HSign is derived from:

H = H,0.927 + 20.94 (3)

sign

where H, is the breaker height. This linear regression coefficient was obtained
by comparing observed breaker height and measured wave height values from the
east site during the winter phase.

Data Format:
The data are presented as computer print-out tables of the variables and
the computed values in the sequence summer west, summer east, winter west and

winter east. Figure 3.1 is a plot of the log values of the data and a summary
of the data is given in Table 3.1.

TABLE 3.1

Summary of wave power values

Wave power (ergs/cm?/3 hours)
Mean Minimum Maximum

west 6.153 x 108 1.508 x 107 4,105 x 109

Summer ..st  3.382 x 108 1.131 x 107  3.140 x 10°

102 2.017 x 108 2.743 x 1010
102  3.140 x 107 1.120 x 1010

west 2.291
east 1.778

X

Winter

x
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1e438TE
1357E
1.387€
1,3857€
1.234F
1.234E
1,131
le131E
1lel31E
1¢131E
1131E
1,131E
1,131¢
l1el31E
10131E
1.131¢
1¢131F
5¢428E
3+392E
4+240E
B8e311E
8,311¢
S¢428E

HRe
08
07
07
07
07
07
07
07
07
07
07
07
07
oe
08
08
08
08
07
07
07
07
07
08
08
08
08
08
07
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DAY TIME PEFIIOD SIGe HEIGHT RMS HEIGHT ENERGY
(SECe) (CMs) (CM) ERGS/CM/ 3HR,
14 130 4e8 60 42 S5¢428E 08
14 1030 4,5 50 35 3.769¢ 08
14 1339 5,0 50 35 3,392 08
14 1630 5.0 60 Y 4.885¢ 08
14 1930 5.0 60 42 4.885E 08
14 2230 5,0 50 35 3,392 08
15 130 5,0 50 .35 3.3%2¢ 08
15 430 5.0 30 21 1¢221E 08
15 1730 6.0 30 21 1018 08
15 1030 7e0 30 21 8.723E 07
15 1330 7.0 30 21 84723 07
15 1630 Te0 30 2l 8¢T723E 07
15 193¢0 7.0 30 21 8,723¢ 07
15 2230 Te0 30 21 Be723E 07
16 130 7.0 30 21 BT23E 07
16 430 7.0 20 14 3.877E 07
16 130 760 20 14 3.877E 07
16 1030 7.0 20 14 3,877 07
16 13390 25 30 21 2e442E 08
16 1630 2.5 30 21 2.442F 08
16 1939 2,5 490 28 4,342 08
16 2230 2.5 30 21 24442E 08
17 130 545 30 21 1+110€ 08
17 430 6,0 40 28 1,809 08
17 730 6.0 40 28 1,809 08
17 1030 6,0 40 28 1,809 08
17 1330 60 30 21 1,018 08
17 1€3¢ 6,0 20 14 44523E 07
17 1930 2,5 30 21 2.442E 08
17 2230 245 30 21 2¢442E 08
18 130 245 30 21 24442 08
18 430 2,5 30 el 2.,442E 08
18 730 3,5 60 42 6,978 08
18 1030 5,0 120 85 1,954 09
18 1330 5,0 120 es 1,954 09
18 16390 Se0 100 71 1.357€ 09
18 1930 5.0 100 71 1.357E 09
18 2230 5e0 70 49 6+649E (8
19 130 5,0 60 42 4 ,885E 08
19 430 4e0 40 28 24714E 08
19 730 440 30 21 1527 08
19 1030 440 30 3| 1527 08
19 1330 4,0 30 el 1,527 08
19 1630 5.0 30 21 1.221E 08
19 1830 545 30 21 1,110 08
16 2230 545 30 21 1,110 08
20 130 5,5 30 21 1,110 08
20 430 60 20 14 44523E 07
20 730 6.0 20 14 44523 07
20 1030 245 40 28 44342E 08
20 1330 25 40 28 4e342E 08
20 1630 3,5 30 21 1,745 08
20 1930 5,0 30 21 1,221 08
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SIGe HEIGHT
(CM,)
30
30
20
30
30
40
40
40
40
S50
50
40
40
40
40
So
S0
40
30
40
40
S0
50
60
70
80
70
70
150
180
170
160
150
100

100
120

100
70
60
60
60
50
50
50
40
40
40
40
40
70
70
80

RMS HEIGHT
(CM,.)
2l
21
14
1
21
28
ry:]
28
28
35
.35
28
28
‘28
28
.35
35
28
el
28
28
35
35
42
49

ENERGY
ERGS/CM/3
9394
9¢394E
4¢175E
B.7T23E
3.053E
4 ¢342E
4e J42E
3e618E
3.618E
4¢240E
44240E
2+714E
2¢T14E
2.171E
2.7T14F
Se654E
S5¢654E
4e342E
1e527¢
4¢342E
3,618E
5¢654E
5¢654F
6¢978E
9+498F
1+086F
8e¢311E
8,311€E
2¢544E
3.140€
3,017€
2¢672E
2¢544E
9+046E
94046E
1,303E
9.046E
40633E
4 «885E
4 «8BSE
4 ,885E
3. 084F
3.084E
2¢827¢
1.809¢
20412E
2e412E
2.T14E
4e342E
86311
B4311E
1.,086F

HR.
07
07
07
07
o8
o8
08
08
08
o8
08
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WEST
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S16, Meighl
(CMa)
49
49
49
58
o7
114
11la
151
123
188
206
179
la1l
67
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lug
1la
ol
ol
ol
49
49
4'9
39
-1}
S5y
ol
67
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k2=
1a4
253
2ub
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114
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a7
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179
l46
113
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113
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7
93
Y3

ENERGY
FRGS/CM/3
3.665E
?.”15E
3.29]E
4 436G 2E
5390E
1.752E
1:234E
2e52TE
2+010E
3.418E
2.,387E
3,379E
2e189E
6.,827TE
1e162E
2+ 038BE
1e274E
1+623E
he9B2E
64 00E
T«314E
4e¢ 134E
4,607TE
Se560E
3.411E
Te137E
6e717E
H,533E
Te31l4t
1e041E
1e334E
4,273E
heBT6E
4.5]3E
2eB4TE
2+ 038E
1e4991E
1.753E
2¢468E
3+101E
54064E
5,252E
QQHIQE
3,405E
1,693E
1250E
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2.191E
2522E
2.694E
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08
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08
08B
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09
09
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09
09
09
09
09
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09
09
09
09
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VayYy Time PERICU SIte HELGHI RS me IcHT ENERGY
(SEC) (CMe) (Cwy) ERGS/CM/3HE,
lg  lEOI S.U 160 113 3.473E 09
18 2t01 5.9 179 leéb 3e665E (9
19 1 G6e7 179 12n 4¢601E 09
19 vl 441 179 126 He2T74E 09
1Y €0l 4,3 169 120 4,520E 09
19 Yol 6.5 206 l46 4.444E 09
19 120l 6.4 392 217 1531E 10
19 315¢01 3,.R 3v2 217 2.T40E 10
1 1&01 bol d6 &1l 1«136E 09
19 2101 4,9 o 61 1,020E 09
20 1 53 86 €1 94430E 08
20 Jud 3.8 ¥4 67 1+615E 09
20 oyl 4e( 95 &7 1¢534E 09
720 YUl 3.5 95 67 1.753E 09
20 1201 4e? 1oe ta 1+760E 09
20 19vul 3.8 114 B 2503E 09
20 1wl 4,3 114 HQ 2.038E 09
20 21vl 444 95 €7 1395€E 09
2l i 3R 58 41 6«010E o8
2l 301 4,5 49 34 3.583E o8
21 601 3,7 58 41 6,173E o8
2l 901 4ol 67 498 7+493E (R
21 1évl 4.6 ) €7 1le334E 09
21 1501l 5.0 160 113 3,473k 09
2l 1801} 6.3 160 113 2+757E 09
21 2iul S.7 206 146 5.068E 09
2é 1 6.2 206 l4a 4+659E 09
22 Jul 6.9 160 113 2.517€ 09
22 6ol 6,3 114 LX) 1¢391E 09
2l bol 4eb 208 la6 6.565E 09
22 leul 4.3 169 120 4+520E 09
22 190i 403 160 113 4+039E 09
22 ltyl 447 160 113 - 3+695E @9
22 21vl 7.1 160 113 2.446E 09
23 1 6.3 160 113 2.757E 09
23 Jul S5 114 o 1593E 09
23 0ul Se7 114 ‘ g0 1+537E 09
23 901 444 86 €1 1.041E 09
23 1201 5.3 lué 14 1394E 09
23 1501 5.2 He el 9.612E 08
23 18]} 5.5 g6 €1 9.087E oa
23 2101 52 17 Sy T«648BE 8
2% L Beb &7 4R Se486E 08
24 Jul SeU el 4H 6.144E 08
24 el 5.1 54 41 4447BE 08
2% Y01§ 5,1 9 b 4] 4 ,4T8E 0&
24 12ui 5.5 ol a8 5,585E o8
24 1901 5.4 58 41 44229 (R
24 Ltul 449 HH 4] 4e¢7S8E (R
26 2lul 44,7 58 4] 4 859E QR
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T 1mg, PtR1CD Sle, Heluhl KMS HEIGRHT ENERGY
(SECe) (CMa) (C™My) ERGS/CM/3HR,
) 4.6 94 4} 4 +965E 0OR
Jul 3.9 67 4k 7.877E 08
00l 4.7 67 4R 6+536E 08
Y0t 3.7 4Y a4 4 ,358E 08
12014 4.2 49 34 3.839E 08
1501 4e3 49 34 3.750E ¢8R
1tvl 4.4 o7 48 6.982E 0OR
2iul 545 7 54 T.230E 08
1 5,7 17 5¢ 6.,977E 08
Jul 506 717 S4 T«101E OR
€yl H,6 104 14 1.320E 09
Yyl 7.6 lua 14 J.724E (B
1201 o] 160 113 3.695E 09
1501 - 1488 133 3.323E 09
IEUI 5.9 2006 la6 4.896E OQ
2101 6eb 188 133 3¢626E 09
1 5.5 179 126 3.932E 09
Jul 5,8 160 113 24994E 09
€ut 6.4 160 113 2.T13E 09
Sul 6,48 197 139 3.875E 09
1éul 53 2U6 lah 5.450E (9
1501 4,2 144 133 5.697E 09
1801 5¢5 160 113 3+158E o9
2101 6e7 le0 113 24592E 09
1 6ol 100 113 2+84TE 09
3yl “e3 114 ) 1653E 09
€ui 9e% 95 €7 1.116E 09
S04 4,4 114 C) 1.991E 09
12Ul 5.6 160 113 3,101E 09
1501 4,2 160 113 4,135E @9
1Eul 5.9 151 lu7 2.612E 09
2l01 Se? 114 8o 1«537E @9
1 5.4 114 =X)] 1.623E 09
dul 4 F 114 ) 1,825E 09
eul 4,6 114 t0 1.905E 09
Y01 3.7 95 €7 1.658E 09
letd 5.4 H6 el B«.617E 08
1501 D4 86 €] 9.256E 08
1801 6.2 86 61 B.061lE 08
21ul 5,9 86 €1 8,471E oR
1 Sef H6 €1 B« 769E 08
301 beb 114 B0 1.328E€ 09
cul 4.F 17 “4 8.28%E 08
Y91 449 Ho 61 1¢250E 09
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WINTER

EAST



I [ mp

1u31
1331
1631
1931
2231
131
431
131
1031
1331
1€31
1931
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2231
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S16e HEIGHI
(CMa)
10
120
150
130
200
250
310
330
340
350
350
350
300
170
120
110
110
110
110
100
11
110
100
100
140
170
120
100
60
60
50
50
50
29
39
30
40
30
39
30
3o
30
30
3o
3o

KMS HEIGHT
{(C™m )
49
&5
l1u6
127
141
177
219
233
240
247
a1
247
212
1én
ES
8
78
8
Ix-)
11
/R
R
11
71
99
120
85
1
42
42
35
35
dg
as
21
él
-y
2l
él
21
él
i
21
2l
2l

ENERGY

ERGS/CM/3HR,.

R.311E
2e171E
3.053E
4 4,396E
Se428E
6e524E
9,314E
1.055E
1.120E
1.03%E
9.778E
9.,778E
7 +184E
2e451E
9.770E
Be209E
8.209E
1.026E
1.026E
l1e131E
1+368E
2+052E
1s696E
1696E
2.660E
4.357E
2¢171E
1.508E
4e441E
44071E
2e423E
2¢423E
20423E
2e423E
HeT723E
Be723E
1e58S1E
BeT23E
BeT23E
Be723E
Be723E
H.723E
ReT723E
1.,527E
1+221E

08
09
09
09
09
09
09
10
10
10
09
09
09
09
08
08
o8
09
09
09
09
09
09
09
0sS
09
N9
g9
08
08
08
08
0R
0R
07
07
08
07
07
07
07
07
07
0R
o8
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Timg PERICY Slde Helchl KMS HEIGHT ENERGY
(SEC) (Cie) (Cwy) ERGS/CM/3HR,
131 5,0 30 2l 1.221E OR
431 Se0) 3 2l 1.221E 08
/31 540 30 21 1.221E 08
1v3l 20 40 2R Se428E 08
1331 2.5 S0 35 6,185k @8
1631 2.5 60 “? 9.,770E or
1331 2e5 50 35 6«785E 08
2231 540 49 28 2¢171E o8
131 5.5 30 2l le110E 08
431 6e0 30 21 1«018E 08
131 6,0 30 21 1.018E 08
1u3l 6,0 30 21 1,018E o8
1331 6 30 él 1.018E 08
1631 6e0 30 21 1. 018 08
1931 6.0 30 21 1.018E o8
2¢31 6,0 3u 21 1,018E 08
131 600 20 14 4.523E 07
431 Heh 20 14 46e934E 07
131 he0 20 ia4 4.,523E 07
1031 6e0 2u 14 4¢523E 07
1331 6o 20 14 4.523E o7
le31 5.9 20 14 44,934E 07
1531 5.9 20 14 44934E 07
2231 5.2 20 14 4,934 07
131 2e1) 30 2l 3.053€E 08
431 2.9 40 én 4 ¢4342E 08
131 3,0 70 49 1.108E 09
1031 Sef 140 59 2.660E 09
1331 5.5 210 lag Se440E 09
1631 6a0) 260 184 T+644E 09
1931 9.0 300 212 6.785E no9
2¢31 Je) 2690 184 50096E 09
131 9,0 250 117 44712 09
431 9,0 240 170 4,342E 09
131 7.0 21 148 4.274E 09
1034 Ten 180 127 3+140E 09
1331 5.5 1840 127 3.997E 09
1€31 9.5 140 99 2+418E 09
1931 55 140 99 2.4 18E 09
2231 Yol 140 $9 2.660E 09
131 549 110 78 14493E 09
431 5.0 100 il 1,357 09
131 TeN 100 i1 9.692E 0B
1031 7o 100 71 9.692E 08
1331 7.0 8o 87 6,203E o8
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day TIME PERTUU 516G, HELGHI KMS HEIGHT ENERGY
(SEC,) (CMq) (Cm,) ExGS/CM/3HR,
23 1631 He3 70 49 Ye]l15E o8
23 19131 he5 70 49 S.119E 08
23 2231 A5 60 47 3, 75HE 08
24 131 7.0 10 49 4,749E 08
24 431 7.0 60 42 3,489€ 08
24 731 545 70 49 b+ 044E 0B
26 1031 3.5 80 S7 1.241E 09
24 1331 4,5 60 42 S.428E 08
24 1631l YSed) B 97 B.6H4E o8
26 193) Ge5 100 7 1+508E 09
24 2231 Sel) 110 8 1642E 09
25 131 4,9 60 42 5.428E 08
25 431 545 LYY 42 4e44lE 8
25 131 Sei) 90 3s 3¢392E 08
29 1031 A B 3¢ él 9,394 07
2o 1331\ Set) 30 21 1e221E 08
25 1€31 Seb 40 és 1.974E 08
25 1931 4,5 60 42 5.,428E 08
25 2231 45 69 4 5e428E o8
26 131 44 100 11 1¢508E 09
26 431 445 100 11 1e508E 009
26 131 405 100 71 1508E 09
20 193l 5.0 110 78 1,642E 09
26 1331 4.5 100 11 1,508E 09
2o 1631 let) 120 ES 94770E 09
20 1931 6e0 180 127 3.664E 09
26 2231 Hel 130 $2 1.911€ 09
el 131 545 160 113 3.158E 09
2l 431 5,5 150 196 2.7T76E 09
217 131 He5 140 99 2¢4)18E (9
2l 1931 Seb 10 49 6e044E 08
27 133} Te0 S50 35 2+423E 08
21 163} 7.5 30 21 Rela4lE 07
2l 1931 Te5 40 2R 1e447E 08
27 2231 8.0 30 21 7+633E 07
28 131 9,0 40 28 1«206E 08
28 93) 9,5 30 21 6.,427E 07
28 131 H,0 20 14 3.392E 07
28 143l 6,5 30 21 9,394E @7
24 133] 7o) 20 14 3.877E 07
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PART 4

COMPUTED LONGSHORE SEDIMENT TRANSPORT RATES
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Derivation of Values:

Rates of longshore sediment transport were computed from the longshore
component of wave energy flux per unit length of beach (Ea) by:

1
Hy, 2

sin « cos « (4)

Ea = pg3/2 d
g b

db is the breaker depth and =« is the breaker angle. Substituting 1.28Hb
for d (Munk, 1949):
Ea = v/1.28 pg3/2 Hb5/2 sin « cos « (5)

An empirical relationship between the longshore energy component and
transport rates derived from Inman and Bagnold (1963) is given by Das (1971):

1 = kEa (6)

where 1 is the immersed weight of longshore transport and k is an empirical
constant taken as 0.35. The immersed-weight transport rate is related to the
volume transport rate (Q) by: '

Q= | (7)
g(ps-pf) (1-p)

where ps is the sediment density, pf is the fluid density (=p) and p is the
sediment porosity taken as 0.4.

Values for Q were computed for each pair of H and «. From (7), these
rates were converted to a volume over a three-hour period (Q3) using:

Q, = Q 10800 m3 (8)

3 T

where T is the wave period.

Data Format:

The tables of data are presented as computer print-outs in the following
format:

1. Date

2. Time

3. Breaker distance (m x 10)

L, Breaker height (cm)

5. Breaker angle

6. Wave energy per meter length of beach, from equation (5)

7. Immersed sediment weight, from equation (6)

8. Volume transport rate (m3), from equation (7)

9. Wave period (seconds)

10. Volume transport (m3/3 hours), from equation (8). On the west site

negative values are transport to the north, positive values are transport

to the south; on the east site, negative values refer to southerly
transport and positive values to northerly transport.

A summary of the reduced data is given in Table 4.1 and plots of the rates
are given in Figures 4.1 to 4.2,



162

S ol
LONGSHORE SEDIMENT

TRANSPORT (m?x 102)
IOF

20}

N 40

AUGUST

Figure 4.1 Plots of computed rates of longshore
sediment transport for the summer
phase ( a: west, b: east)
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Figure 4.2 Plots of computed rates of longshore
sediment transport for the winter
phase ( a: west, b: east) Note the
scale change from Fig 4.1
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TABLE 4.1
Summary of computed longshore sediment transport rates

a. Summer longshore sediment transport:

Total Hourly Rate Net Daily Rate
Transport Period (m3/hour) (m3/day)
(m3) (hours)
to North 11 149 219 51 195.36
East
to South 5 626 150 38 -
to North 34 903 240 145 Lis. 14
West
to South 12 904 141 92 -

b. Winter longshore sediment transport:

to North 21 569 84 257 -
East

to South 38 501 126 306 933.84

to North 117 708 192 613 1 244,16
West

to South 112 034 222 504 -

c. Approximate annual (ice-free period) sediment transport rates:

East: gross transport: 534 896 m3/year
net transport: 101 080 m3/year to the south

West: gross transport: | 999 058 m3/year
net transport: 227 117 m3/year to the north
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J,0l8L=01
J.0l8t=01
0,

0

)]

1
doulet=yl
0
[}
=3, R13t=n?
=3.8i3t=02
=7.l00t~02

VOL..TRANSPORT
(cu. m.)

OO0V O0O0O0CODO0ODDDCODO

=74495t=03
=R H2ht=02
"].S7“|!.01
~lel68F=01
=) 168E=0]1
=2. 065k =02
“14168t=01
=]e57ar=01
=4e240F=02
-l-HHF-Ol
=1.357¢ 00
=?e41Y9F 00
~le7]13F=01
-hedTIF =02
A, 1H6F =02
Jelbotbk=02
0

4]

0

0

34156t =02
n

0

~3,9HHF =03
~ 3, 98Nt =03
=7+499t=03

—~~
.

VE PERIOD

58
2.000E
2.000€
2+4000E
1.500€
24500E
3.000€
2.500E
4.000€
4000E
24000E
24000E
3.000E
3.000F
3.000F
2.000E
2e500E
24000
2e5U00E
3.900E
3,500E
4¢000F.
4e000€
3.500F
3.500F
3. 000E
3.000E
4«000E
6.000E
6.000E
Se0UVOE
S<000E
5000E
S«500E
Se0UVOE
4<000F
4« 000F
3.000E
4000k
35U0E
44000t
44,000F
4.000F
4a000F

VOL. TRANSPORT
(cu. m./3 hrs)

- N-N-R-X-N-N-N-N-N_N. - - N ¥ ]

~32.37684
«272.35974
=485,70514
=315.44062
=315.44062
=-63.72863
=360+50356
=566465599
=1524625R9
=463.75071
=2442.01421
=4353.659R5
=370.0155%2
«139.94493
68.17267
6197516

0

]

]

n
85,2]1584
0

0
«10,76710
=10.76710
=20.23553

891
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¢
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ioyy
gl
-
3N0
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S
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I5-108
105,
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i,
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[3-UT1

(10's of m.)

= = e — — ~ BREAKER DIST.

(4]
2z

N 2 W BREAKER HT.
(cm.)

1)

i3

AT
Wi

lew

BREAKER ANGLE

sve (deg.)

(-]

leo
199
13-17]
15%
195
160
160
leo
169
175

170
11y
155
190
170

15
s
[WAT]
165
49
Ltev
1l
FE-1
115
190
a0
31
J0
do
v
Ju
2v

10

2k=n]
Gk=n}

% 2 WAVE ENERGY

-
()

0
=ledZ26Een?
0

0
b, /23E=01
=44300F ng

=].364t 0],

=2.1%28 0
=heSH1t np
=6,551E 00
=6.951E no
=8,902¢ (10
«2.376E ny
0

~heU90UL N0
b OWUE Ny
al,364k n)
=lel85BE 0}
=2.497E 00
0

b 8T7E NO
=l.268k 00
=3,4H6E 00
~d.902E 00
1.5422 01

«2.205 01
=-{a69nt 00
=, UU9E=0L
=3,129t=n1
=7.,00lk=01
1960t 0nQ

1.960t 00O

2.726k 00

6.321t 00

44300t G0

2.726E 00

3.191E no

0

6.4Y0L 0

0

0

IMMERSED v

l.051€E=u1
S4334E=y2

0

=6eT4Qt=04

0
4]

wda3b3E=ul

=1.505F
4,774k
=l.%30E
~2.293k
=2.293E
-2,.,293L
=J.l16L

vo
vo
['1}]
vo
uo
vo
vo

=8 ,315t=01\

=2.131¢t
-2.131E
4, 774E

[
L]
0o
v

=4,1476 gy
=8,738E=01

=l.707t

0
90

=4 4436E=01

~1s220FE
=3« 116F

vo
uo

9. 978 yo

=l T18E

vo

5.563k=y)
=3.153k=0)
=1.095k=01]
=2 6b)E~=])
Se4blE=-u]
9.461E=01

JeS40k~

d.Zl2k
le5unt

YeBalt=

1.117¢

2e131E

01
0o
0y
vl
[{T1]
]
(D]
]
0

VOL. TRANSPORT

(cu. m.)

111991 =02
GeB79E=03

0
=Teub0t=00
0

: 0
*2.461L=02
=) QST“P-OI
=4,993t=01
=7eRTOE=01
2 ¢398E~0]
=7 ,398k (]
2,398k =01
=3,259F=01
H 69Tk =02
0
=2229E=01
«?e?29F=(]
4 ,993F =01
=44338F=01
=Q 4139k =02

o
=] T85E=01
=4 o060t =02
=}e27hF=01
=3.759E=01

Sabadt=~01
R, NT73L=01
=fe216F=02
=3,298E=02
=)o 145F=02
-?,783t -02

S.712E8=02

G,712fF=02

9.978E~02

Pe3l6t=yl

1e974F=01
9,978t =02
lelbHE=01

0

2229t=0}

0

0

’

Q o~

.

E

4
X
44,000€E
LYY
3.000€
3+000€E
3,000
2.000F
2.000F
3.000E
3.500E
3.500F
34500F
4,000€
S.000E
Se«000F
6.000E
7.000E
5.,000E
4.000E
4,000E
4«000E
4.500E
S«.000E
T+000E
S.000E
S.000E
5.000E
6.000E
6.000€
6.000E
S« 000E
44000E
3,500E
3.500E
4.000F
4«000E
S+000F
S«000E
4+0U0E
3.500F
S.000E
S«000E
S«000F
9.000F

00
00
00
00
00
00

00

00
00
00
00
ov
00
00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00

00
ov
00
¢
00
0y
00
[ 14
00

OL. TRANSPORT
{cu. m./3 hrs)

29.67062
15.06418

0
=2453783
0

[ ]
«132.,91044
«566,65599

©1560469937
-2430,36230
=T60.04206
-647,536A0
«518.02944
=703.93407
«156.55150

0
=481.51926
=601.89907
=1348,11195
=1171.164022
«219,33920

]
=275,45920
«100.22529
«275,63771
«703.93407
1016.04171

«1453,13716
»111.89496
=Tl.233)2
=30.92378%
=85,86135
176425626
154.22423
269.41864
499.84771
33%.99360
269.41864
360450356

[
481.51926
0
0

691



TIME
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(10's of m.)

) 2 BREAKER DIST.

™
-

- N, = NN -
TE F ~” T

N= st o T e b st DNt e ™= = = e N oa e\ =L WO T R

REAKER HT.

cm.)

-
N W N B
A (

1ud
LD
lou
Ly
ieu
ay

[3Y)
1Ly
3.
&u
(il
100
100
s
“y
&

-y
Y]
3
cy
kI
30
2
Zu
20
20
20
40
20
te
11
I
v
L
1
i
1w
Y

BREAKER ANGLE

=
vToouUowm (deg.)

150
oo
1o
165
i3
160
10
19a
150

WAVE ENERGY

b,.958¢t
4o/ TE
3092k
2e3706L
3.092E
6. WIUE
9,606t
3.,486E
1.770¢
3.092e
J.uuee
1.770k

3.092€
3.092€

0
0o
0o
0o
no
no
no
o0
0o
00
00
0o
00

0
0
0o
a0

b .4bbE=n)
-6.10cEo01

[}

=6.102b=r1

=Ye0UYE~

ol

~3,0028-0)

0

=1+08YE=n}

0
0
]

leitYcmn}
3.137€=n)
2,758E=n1
'3.1315'01

=],693F

(]

. =2,758E=01

~3enlE=02

=] Y206t

ne

=2esd]DE= 2
=5,030t=1)2
w3, 619c-02
). 428kan?
=4 b ibLan?

g H/0E=

n2
0

IMMERSED WT.

0

€. 08SE 00

1eT07E 0O

1, 082E 0Ov

Bedl5E=01

leub2t 00

2+131E 00

3,362 00

1.220E 00

6.19%4k=01]

1. 0828 V0

leob2e OO

6,194E~01

4

0

1.082€ 00

1,082E 00

-1.9136'01
=2, ,197E=01

0
«24157E~y1
=3.i%3E=01
-l u%lf=01

v

=3 .H13k=u2
0

(7

0
3.Hl3t=y2
1.098E=01
9.65‘E-02
=1.098E=0}
=5 ,926E=01
«9 654E-02
=ls20{t =02
=0,la0t=u3
=Y bH3k=p3
~le97lt=v/,
=l 2blt=02
0,740t =13
w=ls7ylt=ye
el 7U7E=U?
]

VOL. TRANSPORT
{cu. m.)

[}
2e181E=01
1 78SE=01
1.132E=01
e 6YTE=02
1e132E=01
2e229€E=01
3.517E=01
1.276E=01
. 4TYF =02
1e132t=-01
1e132k=01
6£,64T9E=02

0

0
1.132F=01
1,132F01

=P 0U1E=02
-? ,256E.02

0
=?.256E=02
=3.298t=02
-] ,099E202

0
=3.988E~03
0
0

0
3498HE=03
1¢148E=902
].OIOF-OZ

*1.148E-02
=A,198F=02
=1.010F=02
=1e32%=03
=7 05006
=1e031F=03
=2.061F=03
=}e325L=03
«7e050F =04
=)+ 785E=03
=] e785E=013
0

ERIOD

Q. o~

£3
S<
S5.000E
50008
S«500E
S.000€
4500E
4.000F
4+000E
4.000E
44000E
44000E
44 000E
4.000F
3.500E
3.500E
3.500F
4.000€
4 ,000F
44000F
3,500E
34500E
34500F
4eU00E
44.000F
3+500E
34500E
3.500E
4.,000¢
4.000F
3.500E
2.500€
3.000f
3.000F
3.,000F
3,000F
24500E
2,000E
2.500F
24500E
2.500€
3.000F
34500E
3.500€
3.000€

VOL. TRANSPORT
{cu. m./3 hrs)

0
4T1.07S5a
35058444
244 ,47374
208.73533
305.59217
601.8990R
949,46026
344,54714
174.93117
305.59217
305.,59217
199.92133

0

[}]
305.59277
308,.59217
=54,02157
«69,60903

n
-69,60903
«89,04140
«29.67063

0
«12+3052%
0
]

0
12.30525
49.6n420
36.35100
«4).374R3
«223.12412
«36,35100
=5,72347
=3,8n0674
~4,45207
=8.90414
=5,72347
-20537R3
~5.50801
=5.50801
0

0L
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19
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ie
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1%}
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1¢
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i
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19
1%
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1l
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R
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13
[4'}
v
[}
[

eLun
t
P
Huyt
v
leur
ibur
a+:qn
el
t
30,
nyt
o
deyn
15
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et
BRI
[
k40N
1z,
124t
P YT
é1y.

3o
SUL
9y
Y4
[A-3%
18y,
i
§
VN
6L
Yue

BREAKER DIST.
(10's of m.)

~
i

a YN Y
[ T

kY4

[odilonilonlil T WIF) WY , VN VIV VP VK PR VU PR /Y
LI SR 5 B RN G WUV

——
A" e — A

tar

i T S VI . WV VU N §

REAKER HT.
cm.)

0~

2

Ju

19

BREAKER ANGLE
U"d‘ecocccecccccu’cccc(deg.)

-
=<

ceccoc

—
w
<

(1)
100
leo
150

-
u
<

-

cCeoc oSy Seccc

WAVE ENERGY

1,749E ¢

OO TLDOOCOOIO™ DD O

1.770E 090
le770k 00
64162t-91

oo oD

0
=2+ ISBE=p]
=2.047E=01
=l.l6%E n1
wlolést ni
=2, 158E=]
=2.75dt=01

¢

0

0
3.002k=01
0
Sebdlt=02

20000

IMMERSED WT.

(]
0
0
[}
6,121E 00
0

SToCce OO0

oBsCee

belvsteyl
6e194F=01)
2e197E=01
0
0
0
v
v

i}
9,654k =y2
al.106k=07
=4 o006E 0N
-4 ,000E UV
=9 4 654E~02
=Y 094t =U2

]

[\

0
14051le=01]
0
LeY30E=y2
u

U]
1}
[
1]

VOL. TRANSPORT

{cu. m.)

64403E=0

D000 O0CeOOORe~COOO

6e4T9E=02
6e4TIE=D2
2+256E~02

° 0

SCoooo

*1e019E=02
=7+495E=03
-4e190F=01
“44190E=01
=1e010E=02
«1.010E=02
0

0

[}

1. 099E=02
1}

20025F=03
0
0
]
0
0

.

WAVE PERIOD

(sec.)

4,000E
5¢500€
8,000F
Te500E
T.500E
T7.500E

T+000E.

6+500E
6.000E
6.000E
S5+500F
54 500E
6+500F
6e000E
Se500F
S.500¢
S+000E
S5.000E
4+500F
4.500€
4000E
3.000€
3.500€
$.000F
S.000F
2+500E
3.000E
34000F
3.000F
3.500¢
3.500E
4+000F
4.000€
44500E
S5e500E
4.500E
4,S00E
4+500E
4.,500F
44500E
4¢500E
4¢500F
4+S500F

00
00
00
00
00

(1]
oo
00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
00
(14
00
00
00
00
00
00
00
00
00
00
00
00
00
00

VOL. TRANSPORT
(cu. m.73 hrs)

921,968}

000000000V IO0

139.94493
155.49437
S54.14036

[-X-N-X- NN}

=36.35100
=26.98070
=1508426699
-1292,80027
=31.15800
-27.26325

0

0

(]

26.37390

0
4.85920

YA



TIME

let,v
Loy
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LR
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A>0
e
21y
e
[-J¢0]
v
1ear
1%
174y
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I
(28T
L ATEM
leo
1o
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€l

AN

AN

i,
1z
150

(10's of m.)

~ A o == - — == ~ BREAKER DIST.

-
— i = e o @O

BREAKER HT.
(cm.)

-
(=%

to
ty
[§Y
Ix]
14
lu
[4Y)
3y
Sy
du
®y
hy
34
“1)
6}
LR
Ay
lou
Juv
1ee
e
9.
9u
By
"y
3
3v
14
tu
lv
1y
1y

~ BREAKER ANGLE

cocce UsS (deg.)

150
139
140
164
155
180
110
110
165
165
195
160
1¢0
169
110
169

k1

25

v

10

29
40
(%]

WAVE ENERGY

1eY<CbE=n2
Q.71 1F=n
Yl tTe=n3

0
0
0
0

0
«2,798k=n]
'“-7”t'nl
el b4b=01
-5 ,042E=n]
=1 .ddUE 0O
=2,023t 00
=14076t 0O
=6,16lt=0]
=2e4H2E 00
=5.uY6t 00
~3803E 00
=lel44k nl
=} léet 0]
=1.1408k 0l
=hey¥Ylt nQ
=b.Balk 00

1.18%E 01
Ts80nk Q0
d.82/t 00
J.0ycr=nl

0

0

4

3e6]19k~n2
G HIBE=NZ
2.815E=02

IMMERSED WT.

0o lagE=0d
3,622F=03
3.42lk=03

[~ R~

, 0
«9,054E=02
=3.072k=01
=3 ugdt =01
=] ,975e=01
“44HILE=U]
=7.08lE=01
=3,708t=01
=2.15/e~01l
ol k9L =01}
=1.784E 00
=Le33lE 0O
=4, 106E U0
=4 ,0UBE VU
=44006E 00
=2.131t 0o
2,394k (O

4,1elE QU
2+133E 00
J.0b9E L0
14051E=01

0

0

0
ledolE=p2
loy7g=02
Y.853E=03

VOL. TRANSPORT

{cu. m.)

TS0t =06
1,579F =04
3,979E=06
[H]
0
0
0

0
=1+010E=02
=3e213L=02
-, 160k =02
«2+1165E =02
=5.053F=02
=Te406E~02
=3.94)1E=02
wp o 256E=02
-G.OSBE-OZ
=}sH866L=01
=1+392¢6=01
=441908=0]
4,190t =01
'401905‘01
2229t =01
=2e504F=01

4,338F=01
2eM9HE=]
34231F=0]
1.099P-02

0

0

0

1+325€E=03
1. 785t =03
1.031E=03

WAVE PERIOD
(sec.)

4.000E
44,000€
4,000E
44000E
4.000F
4,000
S.0V0E
1.500E
2¢500E
2¢500E
3.000€
3.,000E
3.500F
4+000E
4+500F
4+500F
S«000E
4+500E
4.000E
4.000€
4,000F
4¢000E
4«000E
4.000E
44000E
S«000E
4.500¢
44,500F
4¢500E
3«S00F
S«0U0E
5+500€
6,000F
T.500E

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
Q0
00
00
00
00
00
00

VOL. TRANSPORT
{cu. m./3 hrs)

1

.o
O 0
- 3=,
-3
w
~ =~

=43,62120
=]138.80180
«113.91091
=T74,35007
»155.9078}
=199.969R84
=94.57931
=54,14036
«196+29539
=44T72819
«375.92749
=1131.,20024
«1131.,20024
=1131.20024
«601.89997
«676,15812
1171,14022
61736345
77548798
26.37390

(]

0

0

2060158
3.21300
1.486402

44
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BREAKER M
{cm.)

ENY]

ey
4]
[4Y]
iy
1]
gy
1y
tu
1
la
1y

Zn
ey
(4]
4y
Zu
2u

Lol
S o Wl L gREAKER ANGLE
(deg.)

1y

Fou
-~
<

17>

<

tlo

-
-~
o C

-
-

~N

-
CcococCeocTc UV UUUcoOcecoccececdercec oo

WAVE ENERGY

lebbye
2e7260L
2.7d0t

~lalbde
=leV/6E

00
a9
no

0
no
no

=balblb=n}
=belblcey]
=3e.lé9e=01

0

=helblb=n]}

=1ebYNE
-3.4b6k

nQ
00
0
0
0

0
4 e3BHE=-N]

[4
«3,129E=n]
0

0

0
2¢06Tt=n]

sSoosocoQ

1e926E=02
DeTTTren3
Y1l 7ren3
Y471 7Fan)
Velllr=ny
YeT17k=n)

CODSCO OO

IMMERSED WT.

Se4nlk=pl
Ye9a0E=D |
9,54uk=01
0

=4 o(1D3E=(])
LXPRLTIXI B
=24197E=01
=2.157t~v1
=1+095E=01
0

=2e¢lbTE=U1
-9 4%43k=~01
=1.220E 0O
0
U
[

o
1.536t=0)
o
=l.099E=0]
0

0

0
Telbbb=p2

ScCceC

0
G T4UE=~0D3
3.422t=03
3,622t=03
3.42éb=u3
Jevlt=u3
J.ad2t=023
D)
[}
0
1]
[0}
v
0

OL. TRANSPORT

cu. m.)

g
Se712FE~02
Q. 97HE=02
Y, 9T8k=02

0
=4.240E=02
.94 1F=02
-?.2%6E=02
=?+250k =02
~lelaSF=02

0
=2e250E=02
~he?16E=02
=1s276E=01

0

[

0

0
106°7E-02
0

=1 e145E~02
0

0

0
Te495E=03

oo co©

7« 050E=04
3,579F =04
3.579E=04
3.579E=06
YeSTYE=04
3HTIE~04

0

o000

AVE PER{OD

{sec.)

3.500E
4.000E
4,000E
4«000E
3.000€
44000F
4.000E
4.000F
4«000F
3.000€
4+000E
4+000€
4+000E
4¢000€
4.0005
4,000E
4«000E
4+ VU0E
3+500E
4«000E
4+000F
4.000E
4.000E
2500E
2.000€
24000€
20000
1500€
S«000¢
64000
§.000E
§,000€
6.000€
6.000E
6.000E
1.500E
3.000¢
4,000F
4.,000F
4.000F
S«000g
S« 000F
S.000E

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
oo
[1]
00
00
00
Vo
00
00
00
00
00
00
00

00
00
00
00
[
00
00
00

VOL. TRANSPORT
(cu. m./3 hrs)

176425626
269.41864
269 ,41864

0
«152.625R9
«106.40173
-60.90790
-60.90790
=30.92375
0
=60.90790
~167.84245
=344,54714
)

0

0

Y
43.37556

0
=30.92375
0
0

(1]
32.37684

1268901}
064424
064424
« 04424
064424

2.57698

LA}



S T T Y W W W W W Y W W W Sy W W T e W W W W W W T W v Y TTT Wy Y W 7 W W eTw e e T

CLELLLLLTITAR QAETA v ~w~w~w~"N =~ COTAATATI GBS U UG & & s & DAY

BREAKER DIST,
(10's of m.)

D B R N TR L N e o PV PO S A et i i Y TR PR, WO

BREAKER HT.
{em.)

[PSL VR A\
c e

Ju
3
49

I
cu
z
14
¢
1y
kL
24
1y
19
ED]
4y
@u
LX)
(1))
ba
RV
2y
4]
zy
34
4y
6u
%)
3u

Su
2v
e\l
ZJu
Zu
ey

BREAKER ANGLE

cwec (deg.)

lbo

130
lev
70
170
11y

v

WAVE ENERGY

oo

0
1.9206t=n2
2eT98E=n]
7.601lt=al
5.,642r=0]
5.642t=0]
1.993t=n]
2.047t=n]
4.876L=02

0

0
l.926t=?
1.926k=n2
Ye7l1Te=93
la924E=yl
5.,531t=n2

0

[}

0
3.129t=g1]

le.560t
1e.5060r
3,571t
3.191€

00
0o
00
no

0
0
0

0
a9 ,662t=0})
«1.198 00
=1.698L 00
«3,129t<01
«7e.00)k=01
abh b4t =n}
=l,076t 00
=l.0d9e=n}
=] sU8YE=p]

0

0

0

IMMERSED WT.

0
0
0
0
6e7490E=03
Ye6956E~02
2.660E=0]
1+979%E=01
14975E=01
9e9T4E=02
1.166E=02
Le707k=02
o
n
6e7%0k=03
6,740E=03
3.622E~07
Se334L=02?
le936L=02
0
0
L)}
le0Y5E=0Q1
Se.00lt=01
Se40it=0}
1250 00
1117k w0
0

0
0
4
=1+975€=01
=b,053t=01
-5.943t-01
-l ,095t=01
=Zetib (It =01
w] oy lbr=u1
=Jelntt=01
~d,8l3L=02
deHiIb=02
[}
1]
0

VOL. TRANSPORT
(cu. m.)

o000

T7«050E=06
1.010E=02
P+ T83F=02
7eDhht=02
?.062F=02
5eH3UE=03
T.495E=03
1e7B5E~03
[}
0
Te050E=06
T 0HUE=NG
A,STYE=06
Se579E=03
?.025E=03
0
0
0
1elabE=p2
Se7126202
Se712k=02
1e30/E=01
1,168E=01
0
0
0

0
=2+065E=02
=6 e240E=02
~6,216E=02
=],149=02
=P+ THF=02
=) 65E=02
=3, 961E=02
=3.98HE=03
=Y OHME=N3

[

0

]

ERI0D

a o~

L

g
S.000F
S«000E
3.000€
3.000E
3.000E
2.000E
3.000F
3.000E
3.000E
2500E
J.000E
4,000F
S.000E
S.000E
S<000E
S.000E
1.000F
4.000E
44000E
4,000E
Se000E
5.000E
1.500E
2.000E
2500E
24000E
3.000E
3.000t
44000E
4.000E
3+0U0E
3+000E
3.000E
3.000€
3.000F
4e500E
44500
S«000E
S.000E
S«000E
S« VUOE
S«000E
S.000€E

E

VOL. TRANSPORT
(cu. m./3 hrs)

0

253783
$56,.526%0
10017157
T74.35007
74.35007
25.1R47)
26,98070
4,8195)

0

0

1.52270
1.52270
3.86547
15.06418
5.66660

0

0

(]
82.46334
308,.,44848
266,T75876
706401545
420,5B8749
0

0

0

0
=74:35007
=152.67509
=223,78993
=41,23147
-66Q7B‘05
=49.56671
~85.12138
~B8,61368
-8,61368

0

0

0

- = W o e

qly



« DAY

iv
19
lv
iv
1Y)

v
1
[ ¥}
11
il
11
11
i
i
le
12
ie
12

12
ile
le
13
13
13
13
13
13
13
13
l9e
le
1a
14
14
1a
149
14
19
19

13,
i
134,

i64..

ivd:
cl3:
13
G,

Ludy
134
101
19
23

LER

ST,
s of m.)

BREAKER D1

S e e e e (10

NG C U bt g g mC ™

—AANNDT U

BREAKER WT.

{cm.)

@y
[}

- .. b

w

2 5
2 £
5 :
< & w
8 z
m ~— =

175 =9, 777E=03

0 0

[} 0

v 0

0 0

v 0

0 0

0 0

G o

-] 0

S 0

5 0

) 0

0 0

0 [}

1] 0

v 0

5 9.777E=03

10 1e926¢=02

5 YeT7/7e=n3

5 YeT77TE=p3

10 1.920E=02

5 D777t =n3

5 9e?77t=03

[}] 1]

0 4]

L] Qe 71 t=03

2% 4,313Ean2

v 0

175 =3eldvt=~nl

19 14574t 00

15 3,650 00

5 B,022kan]

S le268E 00

5 1,208t 00

S 1268k ng

5 Rebllr=1

v 0

7} 0

175 -1,268E ng

175 =3.12%~n]

175 w3.lévranl

17 ®Hend]lb=n?

IMMERSED T,

«3,4228=03

TOoeCOOOCO0OCIoOSC

0
3.422e=03
6,740E-07
3e422L=03
3.422L=03
6,74yE=03
J.422L~03
3.422t=03

0

0
3.422t=03
L.Sluk=02

0
=]e095:=01
YeSU8E=ytl
1.&77& uv
.01tk ayl
4e636E=(1]
4,4306E=0]
“es3bL=y}
d.01bE=01
[i]

0

-t ,430Fay]
=le 199k =0]
el 09de=0]
=1.ddot =u?

VOL. TRANSPORT

(cu. m.)

=3,5TYE=04

COCOCLLODOOCOIIDOOO

3.579E=04
TeD50E=04
1eSTVE=04
A,5T9E=04
7.050k=04
3,579k =04
3¢579F =04

0

0
W S5TIE=04
1.57T9E=~03

0
=1al05t=02
Se761lE=p2
1e3306¢=01
3.156E=02
Geb4Ut=02
4,640E-D2
Gebat =2
I, 1b0F=02
0

0

w4 040 =N
=1elahtap2
=1,1l45e~02
=2a029F=03

VE PERIOD

sec.)

-

WA

i
.
'
(-4
=
m
oo e
oo e

S«500E
6.000F
6.000E
6.000E
6.,000F
6+000E
6+000E
64000E
6.000F
6+000F
6+000E
6.000¢

oCcCO O
[-B-N-N-)

R X-N-]
oocoo

Qo
oo

4.500E 0

[-X-R-N-N_-N-¥-N-N-N-¥-¥-¥_ ¥_-N-¥-1

S«000E 00
4,000 00
4,000E 00
4+000F 00
4,S22E 00
4500 00
4,500€ 00
S.000E 00
Se000F 00
$,000F 00
5.000E 00
5,000 00
S.000E 00

A B L D o an 2 e e Sn mam K B ml B o s S 4 LB . a a s S A

&

VOL. TRANSPORT
(cu. m./3 hrs)

=0.77309

-X-N-N-3-N-N-N-N-K-N-N-¥-J

21600.00000
21600.,00000

21600,00000
«00000
«00000
«00000
«00000

1.69189
«00000
+00000

21600.00000

21600.00000
«00000
«00000

21600.00000

=0.00000
12443914
360,73402
85,215A4
125.28161
111,36143
111.36143
75.74742
0

]
=100,22529
=24,73900
«24,73900
=4,37328

9Ll



(10's of m.)

B E AR e e mom e s e = == =~ = = — BREAKER DIST,

NN
N

_
——— ) b e (0N e bl ba T

BREAKER HT.

{cm.)

LY
[

“y

cu
4"
cy
I
@y

o
Yy
tuy
Lev
130
“
L3I}
0y

ci
Zln
£4Y)
cy
41}
[ 4H
cy
[4Y]
“ay
3u

BREAKER ANGLE
(deg.)

C
-~

coCccce Vo oo

=
vguw
TUo

16y
ieo
1l5
175

15
15
15
19
LS
2%
25
/4]
4]

ccocCcOoCcoCcocoC

"
-~
(7 =}

WAVE ENERGY

=le0uYE=n1

0
0

0
«1,524g=01

(- -X-IR-2-1

1]
«7.691E=p]
6,723 =01
«6,723k=p1
«3,0)1%kan2
=9400%k=91
5,460k =]
=].524k=n]

4]

14593tanl
1¢593ten]
4,388k=01
YeUte=n]
Y, 00%k=0]
2.411t no

1.048E
le3R4t
leBybdt
2.205E

n}

o000 OOCDO OO0

=bel6lE=n}
=1.924L=n]

IMMERSED WT.

=3.813t=02
0
U

0
=5,334L =02
- (]

0

0

0

0

]
=2:660E=0]}
w24353k =01
=2,393k=91
=l.26t=02
=3e]D3E=01
el 913k=01
=2 4+334E€=02

u
9.5Tak=02
SeaT4b=y2
1,536E=01
d.153k=01
Jelb3E=01
H,639E~01

3.608E Q0

4o llak 0O

6.319c 00
T«71HE QO

0
0

coccoessCcoC

0
=2e157k=91"
=5,334L=02

VOL. TRANSPORT

(cu. m.)

=3.984E=03
0
0

Q
"05795'03

cocoSoooc

~Ps TH3E=02
=?,461E=02
'?o‘blE.OZ
=1,325E-03
=3.298E=02
«?.001k=02
-5 .5T79E=03

0
5.830E-03
S.830F=03
l.bo?E-OZ
3.298E=02
3-29HE'02
HoH2BE=02
4376 =01
4.993t=01
5.60%E=01}
A.0T73F=0}

0

COO0O0DOOO0OOO

«2e256E=02
=5,579F=03

AVE PERIOD

sec.)

-~

6+000E
7.000€
T«000E
T+000E
7.000€
7000E
T.000E
7+000E
T.000F
74000E
2.500€
24500F
24500E
2.500€
$,500E
6.000E
6,.,000E
6.000E

- 64000E

6,U00E
2+500E
2.500€
2.500L
2+900E
3.500¢F
S«000F
Se0U0E
S«000E
S«000E
5.000&
S+00G0NE
44 000E
4+000E
4000E
4,000E
S.000E
S5.500E
$+500E
S+S00E
6+000E
6.000E
2.500E
2.500€

VOL. TRANSPORT
{cu. m./3 hrs)

=7.17807
(]
0
0
=8,60810

[-N-N-N-N- ¥

=120+20589
-106.32835
=106,32835
«2,60158
=59.36093
=36.01438
~10.04278

0
10,49363
25.18471
69.40090

162466624
142.46624
272435974
82H.74748
107H.4R956
1627.52128
1763.T6460

-X-N-N-¥-N-N-3-N-N- N J-J

=9Te45265
=24,10268

LL)



2V
3]
2y
43
21
[43
21
21
¢i
i
a1
2é
P34
éc
e
(44
cd
éé
Z2é
24
¢3

24
23
23
c3
23
24
2%
L)
24
24
24

9
s
[+
es
[+
23
2%
2%

TIME

le 3,
193
€23
13
63
(R
4630
130
163
%4
ced
130
@9

JR I

BREAKFR DIST.

qutm»w—m——nnw—nsam_bp»pm—N\m(mwofm)

BREA?ER HT.

3y
“u
“h
20
"y
Ly
r9
u
evy
cul
I {y
ing
134
ley
leu
ley
| BRRV)
o
oy
“y
(o

BREAKER ANGLE

cysoceco (deg.)

éu
lu
10
10

/]
18]
10
10
15
I5
1

140
195
195
190

cCCcCCcocCconcSoC

-
-
<

1£9

=

WAVE ENERGY

[ NN -]

549531k =n2

0

1.524t=0]
Tebdlb=0l
5.6620=01
3e.002k=01}
6s162L~n1
6.1062E=01
6.162E=01

leloHe

no

Je0uét=n}
6el62E-01
1.089=n1
4,388
2ed15t=~2
1593 =01
5.531ean?
“BetddEa=n])
wb,723t=n]

-] 3BUE
~leldolk
=2.0¢3t
-hHa951k
4,079

-3 adnt
=h,501k

no
00
no
ud
nog

DOOCO0OO0ODdDOOOOOC

ng
0o
0

IMMERSED WT.

ER-X-N-J

lev36E=92

0
9e334E=02
2e6but=0l
1e975E=01
1e091E=9])
24197€E=01
2.157t=01
2s197t=¢]
4.053E~01
1e0blE=ul
2.157e=01
I H13F =02
1.936k=01
YeHH3IE=0I
Sehl4t=u2
L,936F=02

=340¢5kt=0)
*dedn3t=01
-4 4,431k=01
-4 4(93L =01
=l.0B8lE=y]
=2.293t Q0
=let38t UV

¢

0

0

0

]

[V

[

[

[}

(1}

U]

0

=le220k 0O
=24293t 00
[}

VOL. TRANSPORT

(cu. m)

[~ X-N-X-]

20025€E=03

0
§e579E=03
2.TBIE=D2
2.0065F=02
1a099L=02
2e256L=02
2.256E=02
2e2956L=02
4e240E=02
1099t =02
2+256E=02
3.98nt =03
1eb0TL=02
1en31F=03
G.H3uL=03
7.025¢=03

=3 lb4t=02
=2.461k=02
=5,053t =02
=4 ,240E=02
=Te40bF=02
-?e398F=01
=1e713k=01
]

DD OSDOOCDOC O

=1e27nk=01
=2 ¢3YNE=p]
0

AVE PERI0D

6.500E
6+000E
T:000E
2+000E
2+500E
2+500F
3.000E
3 000E
4+000E
4+000E
44000E
4+000E
Se000E
4.000F
3.000E
3.000E
2+500F
4.000E
2+500E
3.000€
3,000E
3.000€
3.500E
3.500F
4sVUOE
4eU00F
4.000E
64000E
T«000E
6+500E
6¢500¢€
€.000¢
T+¢500F
TeS00E
T+SV0E
T«S00E
1+S00F
S« 000
Se000E
S5.000F

g0
00
00
(1]
00
00

00
00
00
00
()
00
00
00
(1]
00
00
00
00
00
00
00
[ 1]
D]
00
00
00
00
00
00
00
o0
[ 1]
00
00
(1]
00
00
00
00
00
00

VOL. TRANSPORT
(cu. m./3 hrs)

2000

3.64040
‘0

3012835
120.20599
89,2200R8
39.56084
B8l.21054
6090790
6090790
114,469482
29.67063
48,72632
10.76710
57.83409
3.71006
25.1R47)
5.46660
«136.69309
«B8.,60696
«18]1.89245
®152.62589
«228.53696
=T740.04206
«462.51940

=275.63771
=518+02944
0

8L1



TIME

13,

b4

r3.
egs
133
do3¢

iv3-

ce?
13
42
{a.

Lo

143

BRFAKER DIST.
(10's of m.)

~ U P WA LWLt &N

o o ¢ BREAKER HT.
2 ca (cm.)

£ & 20
c ccc

b S - I - VR 3
c CcC Ll

BREAKER ANGLE

U (deg.)

—
-

WAVE ENERGY

«3,129E=n}
=] 098 00
=3,022t=n1]
wHekbbLen]
»3.129k=01

0
=6,162€=n1
'30139E-Ul

0

0
6,991t ng
0.551E 0o
S.096¢ no

IMMERSED WT.

~1409SE=01
ehev43k=0]}
=3.018E=0}
=lewi3t=01
=] 09SE=U1
[
=2.,157t=01
=1 095E=0}
0

0

2e293E o
2.293E 00
L. 784k 00

0L. TRANSPORT

cu. m.)

v
(

=]¢145EL=02
~6e210E=(2
~3.156E=02
«?.001E=02
=1e145E=~02
0
~2.250L=02
=1e145E«02
0

0
2e398E=Q1
2e3938k-01
1e866E=01

WAVE PERIOD

(sec.)

5.500€
Se500E
6.000E
6.000F
4500F
4.S00€
4.000E
24500E
4,000E
44000E
4+000E

00
00
00
00
00
00
00
00
00
00
00

OL. TRANSPORT
cu. m./3 hrs)

S~
=22+49000
«122.06723
«56.,81056
=36.01438
=2T7.48778
[J
60490790
=49.47801
0

0
647.53680
«00000
«00000

bll



181

WINTER

WEST



12
12
12
12
13
13
13
13
13

13
13
14
14

la
1e

14
14
14
16
15
is
15
15
15
15
1%
1%
lo
16
16
16
l1e
Y]
16
16
1/
17

17
17

17

TIME

12r1
1501
806]
13

3ni
o1
Yl
lenl
1501
1601
&ln}
1

3ul
601
wr}
1201
1uel
1bs1
el

Jul
51
Y0l
leg]
1941}
lor}
Z1ln]

341
[ JYN]
Y0
1éu
1501
isn}
2ini

LI
I8}
9
lerl
1541
lant

(10's of m.)

T E 3T % m = o — o BREAKER DIST.

e el adiad
U iru g

21
[4Y

——
1 a

——
& AL e b bo b b e e (F (S

Wi ta $la -
gIrwFs 1N

A
¥

KIn
2t
Pl
(43
zZr
2u

BREAKER HT.

(em.)

N

8u
18y
2590
20u
15y
100
[+
8y
130
1%
ey
eiu
chy

BREAKER ANGLE

n
<

15

WAVE ENERGY

S.647t=01

Sebusb=0]

SebacEmpn]

6.l62F=yl

1.076e 00

1.144t 01

1.542€ 0t

2.0%5¢L 01

1.99/k 01

6,703 01

1.0u/t 02

4,312k 01

29171t o}

2e1c¢bc 00

6,321k 00

~les723c 0}
=)]e347t 0}
0

=2.726% g
=2, 7é6E (10
=2.023t np
9. barse=n1
~7.bult=01
~He2ub8t=0]
=3.13/r=01
=],8uct 1o
=1.5C0t g0
=2s T2z 00
=2elent 00
=6,321¢ 00
.8zt ng
=beluidt 4]
=leberat 02
8,723t 01
-0 249t 0}
=leb4gk 0]
-6.0%0r (0
=], Tiye no
=9,.9%0k 00

=H.5%70t 00
wl,fo9t 1}
=1.749 41

=leTae 01

IMMERSED WT.

1.975¢k=01
1:975t=0]
1e9/5E=01
2e157t =01
J,768L-01
4,006E un
S.391E 00
Y.269t 00
6eHaYE 00
2.306k 01
3,925¢ 01
1.509t 01
l.040F 01
veS4UE=V]
2+.21ct 0O
=6e137t 00
=4,7})6t 00
0
-Y.549E=0]
Y, 940k=0]
7.0blE=0])
=l.9/nk=01
«2 ,6bpk=01
=2.887k~0])
=l 098 =01
b, 1UbF=0]
*n,ab1lk=-0})
=Y. hayt=0)
=4.560t=01
=2,712¢ 00
«d 0b% 00
=Ze366L )
=9.333t 0|}
=4,05%3t 0)
=l 4BTE 01
-5 ,397E o
edoeldle 0O
=b,|P4E=0]
=2.0bSF 0
=Zo9ber U
=b,l¢]lE GU
~b.121Fk 00
6,121 00

OL. TRANSPORT

cu. m.)

>v
?s065E=02
7e065E=02
2e0b0F=02
Pe250F =02
3.941F=02
4y199E=01
Sehavt=01
Q,71hF=01
Ts163t=01
PebHat 00
I.68TE 00
1.579E 00
1e08%F 00
eYInt=p2
2+316Ek=0)
ehsblYF=Q]
“4.932F=0]

(1]
LEPS RLIET Y]
o9 ,WInta(2
=Thht =02
e lonE=02
=2.783t =02
=3.0)9F =02
eleladk=02
b SY0F =02
=5,712¢t=02
®Q QIR =02
Qo9 leikb=(2
=P 314F=01]
=3,243lt=n}
=psbhsl 0
8,574 00
=3.193E 00
-] 4995E 00
=hebadt =0}
=2.7249F=0]
-k 0T9E=D2
=PelniF=n}
=3, 119t =01
b b3t w}
ehebyit=01
“hotl) 3F=01

PERIOD

4.400E
8.000€
4+900E
5+200€E
S«700E
S.000E
Tel00E
6.100€
Se100F
7.000F
le210E
64400E
6:200E
4+500F
44300F
4¢300E
S.800E
S«400E
4e400F
4,800E
4.200F
3.900€
3.500E
2+4900E
3.100€
3,200F
3.400F
3,600F
4¢200E
4,800F
4600
Se600E
6:300F
6,400E
6.100€
4.300F
4¢400E
3.500E
S.500E
S.600F
S.100E
5¢500E
6+000F

00
00
00
00
00
00

00
00
00
o1
00
00
00
00
00
00
00
00
00
00
00
00
00
00
90
00
00
00
60
00
00
00
00
[
00
00
00
00
00
00
00
00

VOL. TRANSPORT
(cu. w./3 hrs)

50.69322
27.88127
45.52045
46,85223
T4,66788
904,96019
85B8.62646
1720.24274
1516.96008
3785.69688
3290,95241
26644066585
1894065136
239.,48323
581.21027
=1612.1854)
=918,46312

0
=244,92603
-224,51553
«190.44747

=57.,19236
=85,8613%
w]12.44054
~40,00338
«222,60350
=181,44027
«299.35406
=256.58918
«520,67470
»758,629%4
«4732.12110
=09562.51407
«5388,37274
=2753,98092
=1417.73206
=547,18098
«199,92133
=-428,25052
«601.50978
«1355,83557
=1257,2293%
«]152.46024

a8l



(10's of m.)

o = M NMaReAKER DIST.

15
15
19
1c
24
2y
20
2
2w
80
6u
¢S
2%

24

RREAKER HT.

{cm.)

lou

(deg.)

[ I
;g;;;;nmanmmz

1o
170
1/0
170
1o
1f0
1o
1to0
160
165
165

v

30

r-40]

Q

15
1%
19
40

40
“0
40
(3]
4y
ay
ey
LY 1]
35
“y
3u
b
20
F-)
a0

WAVE ENERGY

=8.52ut 00
=6,090E 00
=2.497€E 00
«1, 770t 00
=3,4086E no
=9.6L6E 00
«=9,606E 00
], 67T0E 0]
=2.295E 0}
-Z.ZSBE Ol
«2.295t 01
1,972 01
=3.,445€ 01
ele.949t (2
=3.662k 02
«3,650E 00
-3.650t 00
64321 00

B H2IE 00

6.951E no

1.77vE 00

0

BUYNE QO

8.Y02t 00

S.096 00

Q9eUUYE=0]

Tebvle=01

1.560t 0o

3.100t 00

1004k 01

4,832E 0]

4,99k o1

Ye¥1%9t 01

9.919E 01}

4.B32E 0}

1e793E 01

Ysbbot n}

9.67HE Q1]

ba2b9r Q1

KIY4-1 11 01

Ju1%st 0}

2e453E 01

l.buéE a0l

MMERSED WT.

«2.782¢ 00
=2.131t 00
=8 o 738E=0})
=0, 1%4t=0]
=1.220t 00
=3.302c 00
=3.302k 00
5,873t 00
~3.031t 00
=Heu3lk wO
-Ha03]l¢ GO
=b,902¢ 00
«1.206F 01
~6.B20L 0]
=1l.282E 02
=1,271t 00
=1.27TTt 00
24212t GO
3.08%9 yo

2.2Y3t 0o
6.194k=01

0.

€.)31k 00
Je116E (o
le784E 00
3.153L=-01
2,660E=01
S.40]lE=0])
1085 00
JdeH1dk v0
leb9lE 01
lel11E 01
3.a72F vl
3.412¢ ({3}
1«6Y1E ¢}
6137 0O
343138 90}
l.9tl¢ 01
l.06/p 01
1+3)5F 0}
leliot Q1
et 00
5,397 w0

VOL. TRANSPORT
(cu. m.)

=3.11vF=01
=2 229t =01
Qo139 =02
b, uT9 =02
=1¢276F =01
=351 7F=0]
3,51 7+=01
wha,lb it =]
=HeufiuF=01
“Ho4Qub=0]
R 4O0F=01
=74219F=01
«1,761F 00
=Tel3aF 00
=1.341t 01
=].,33n =01
=1e33rF =0}
Pedlab=0]}
A,231k=01
?e39nE=01
6o4TYE=02
(1]
2e22%t=01
3259k =01
1eB68E=0}]
Je2YKt =02
?.Tb 3 =02
Sellrk=02
1e139E=0)
e T4k =01
].76*F 00
1798t 00
3.631F 00
Je631F 00
1e 769t 00
Foblvb=0]
A669 00
Pe}TYE 00
1.55% 00
1«376F Q0
1.159¢ 00
ReYH it =]
Gemsnt=0]

WAVE PERIOD

{sec.)

S¢100E
S«300E
4,000E
4.300E
2+800E
4 TO0E
4e400E
5.000E
5.900€
4,700E
4«100E
44300F
6,500E
6.800E
3.800E
4,400F
4.900€
Se300E
3.800¢
4.,000€E
3,500€E
4.200E
3.500€
4+300E
4e400E
3.800€
4,S00E
3.700E
4«100E
4.600F
5,000E
Se.T00E
6+200F
6+900E
6+300E
4.600E
44300€
44300E
4.700€E
T+100E
64300E
S«S00E

00
00
00
00
00
00
00
00
00
00
00
00
00
00

(1]
00
00
00
00
(1))
00
00
00
09

00
00
00
00
00
00

00
00

00
[]]
00
00
00
00
00

VOL. TRANSPORT
(cu. m./3 hrs)

«660.48078
«454 ,26348
=246+,75660
-162,72666
=492.21019
=808.,05128
«B863.14569
«1326,91105
®1537.63749
=1930,22578
w2212.69785%
«1813,07249
«2095.29559
*11329.86494
=38103.58701
«327.94001
«296.47675
471455445
918,34102
647,53680
199.92133

0

687.88466
818,52798
457.90383
93.72779
66,78108
166.72889
298.89909
862.,68169
3820.68810
3079.07014
6879.92297
6325.09047
2768461456
110043R052
8504433016
5220.53418
3906,81015
3161,66782
1756.18102
1539.53507
1108.,40870

€81



L2
It
ide]
einrl

301
6.1
901
120y
1541
lool
2101

361
onl

leoy

BREAKER DIST.
(10's of m.)

s

LT O XL =T & vmlWwds -~ an

NN
U x s

<o BREAKER HT.
- & c(ch

~
[P

T4

ur U3
< o =

“y

. N, it BREAKER ANGLE
SOC (deg.)

LYY
cSuygcuUu U

11y
le0
leo
leo
1s5
1%-3-]
155
1¢€0
160
@y
49
KN
és
30

3u
ay
4y
sy
46
40
a0
a0
30
teg
lou
1y
L10
ity
1/¢
1o

L1

110
110

WAVE ENERGY

1.94¢e 01
4a0Y¢E 00
Bal54r 00
5,992E 00
54592t 00
3.191E 0o
1.574e 00

0
=belbleenl
=lel9dE 00
-Zee3E 0o
=1.158t no
-1,38ur no
=14380r 0O
=le.380E 00
2,023t 00
=2.023k 00

Babutp=n]
Hab4upenl
Tebult=nl
2.411c 1o
4.30UE 00
44890 00
4,300k 00
1.347€ n1
1347E 1
4.83¢E n]
Tebelt (1
9.919€ o1
Tebeek 01
6,60l 01
4e.c4%t 0}

4,24% M
=Heb%5E n]

mpewTut g1
=2abale 0}
=le60de 01
=1.671 0]
wlabiht 0}
b, 0Y%uL 0Q
=3.4Hbk 00
-hoUYUE 00
=leblnr 01

MMERSED WT.

9,397t 09
lobalk (0
3.0788 00
le¥97t voQ
1.957¢ 00
1.117¢ 00
5.806E=01

. 0
=2.157t =01
=4+093E=01}
=T08Lt=01
=4,053t=01
b H3lE=01
~4 oHIlE=0}
~4.H431E=01
-le.081E=01
=7 08lE=01

D25k =01}
3.075k~4}
2e6bUk=0]
H,439t=0)
1.5u5k 09
1,711t wo
1,505 00
4,716t @9
4.,716F yo
Le6YlE 0]
2e608t VU1
3,472k v}
2e60EE 01
2.312t 01
1e481E 01
1.487F DY
=1s9v3t ¢}
=2+?00E 0]
=44265L 00
=5.873t 00
=9,87/3F 00
=a,HT3E U0
2,131 v
-] 4240 Q0
=2+13LL VO
5,473 0o

0OL. TRANSPORT

cu. m.)

v
(

8,645t =01
1e71Mk=0]
3.219t-01
P.00/t=01
Pelalt=0]
IEDLLLEIY
Se76lE~02
0

=2.250F =02
=4e260b=02
=TabdUmt=02
~64,240E=02
=5, 15402
e H it =02
=64053k-02
“TL4U00F=02
=7 40bF=0?
Jalbat=02
Telhbok=02
PelBit=02
B 2R =02
Teblub =)
1790+ =01
1,576+ =01
4,937F=01
4,937F=01
1. 7649F 00
P« 79Ul 0O
3,631t 00
PeT90F 00
2e6lvt 00
15859 00
19959k 00
=2« 1KNE 00
=2+370¢ 00
*QebBijFe(]
“helé3r=01
mhole3re0l
hyleir=0]
=P 2r8F a0l
“le2lnr=0}
2229 =01
ehelb3repl

AVE PERIOD

sec.)

S.700E
4.800E
Se300E
5.,200E
Se500E
Se200F
Se600€
S.000E
Se100E
Sel00E
Se500€E
S5¢400E
4,800E
44700€
4600E
34900€F
4,700E
3.700€
4+200E
4.300E
@,400E
S4500E
S.700E
S5.600E
5.600E
Te600E
44700F
Te200E
S.900E
€6+600E
Se5U0E
S.800F
6,4U0F
6+800E
5¢300€E
4+200€
S+500€
6,700€
64100E
S.300E
S«500F
4.400E
S.600E

(1]
00
00
00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
00
1]
00
00
0o
00
oo
00
0¢
00
00
00
00

00

00
o0

VOL. TRANSPORT
(cu. m./3 hrs)

1069,51717
386.45893
656403934
425,13583
401.94660
242.64663
111.10637

0

-47,77091
«89.77993
=145.43261
«84,79216
-113,68278
=116.10156
~118,62551
=205.09727
«170.18710
92.36020

Bl 36404
69.88714
216.64980
309.08509
339.14601)
303,5657]
951,26517
700.93238
4066.56181
4185435411
6646,70524
4565.84085
4T749,66711
28964426821
2624,88807
«31311,11732
-4829.46029
=-2491,8)410
«1206.28277
-990.23213
«10687,63201
<454 ,26345
~250457973
~547,1809R
-1184,74201

8l



30
30
kT

TIME

1501
1bny
aim

3l
601
99]
lenl
1501
1699
2101

1
301
601
201

BREAKER DiST.
(10's of m.)

N
$ g

1

-—

1o

REAKER HT.
cm.)

7

leu

BREAKER ANGLE

= (deg.)

-
— WA R RN e -~
ceoecoccocociryfoUS~2 4y

WAVE ENERGY

=7.170¢

64090k
l.36€se
6,551k
“ebY2t
4,692t
4,692k
4.092k
4,692t
1e962E
4.300E
2.49/¢E

0
0o

n

0
ov
0l
no
no
00
0o
no
no
nl
(1Y
no

IMMERSED WT.

=24510¢

24131E
4,774
24293F
1.95/7E
1.542E
leta2t
le.h42t
lebb2t
94397
YT

0
0o

0

0
00
0o
00
(L)
vo
0o
uo
vo
uo
Go

4,738k=01

VOL. TRANSPORT

(cu. m.)

0
=2.625+=01
0

0
2+229k=01
44993F=01
20398E=01
Pella7E=0]
1.718€=01
JoT15E=g1
1e71nE=01
1e71rE=D]
5e445€=01
105742'01
9,13%E-02

WAVE ;ERIOD

(s

4200€
5.900€
S.700E
Se600E
40800E
4.,600E
34700E
S.800F
S.400€
6+200E
Se900E
SeT00E
6+600E
4.800E
4,000E

00
00
00
00
00

00

00
00
00
00
00

00

VOL. TRANSPORT
{cu. m./3 hrs)

0
~480.47444
0

[}
501.58256
1172.27126
T700.03979
381.15626
343,51905
299.19‘0‘
314440726
325.43910
923.67392
354416000
246,75660

agl



187

WINTER

EAST



IME

-
lu3l
13N
1631
193
ée3l

131

@31

131
131
13
1631
1)
ge 3]

131

@3y
31
lgJl
133
le3)
1v31
cri)
131
43]
731
o3
132)
163]
193}
2z31l
13
431
731
ig2
1541
163
lg3l
e
13]
431
731
10N
133
1631}

Y o BREAKER DIST.
T (10's of m.)

20

p— s bt £ e e e L OO

BREAKER HT.
{cm.)

[
yy
< =

NN
cT
cee

eul
cuy
ayt
Gy
wiyy
ey
St
louy
100
luy
fvu
13y
144
Jue
luu
1wy

Tu

1uG
130
j 3]
1€y
Ive
ny
Sv
3y
o
Ly
=3V
R
34
34
34
1Y)
Su
K1V
Su

T.BREAKER ANGLE
< (deg. )

— ——
-~ -~y
ccc ¢

cccyCcoocoUOoCcoOoCCcCo

WAVE ENERGY

w226t
=3.520t
=leb/bt
«3.4400
=3s445L

=Y . H6L
94930
=Hatur

1.542¢

6 ob692E

lelasE
2e06E5L
3.75%¢
4,417t

S.466t=0

=5e4b06kL=0

DOONDSO OO0 D00

MMERSED WT.

=4 .540k=01

=2s9h2E
=hen 3k
=lez06F
~l.206t

=3,403L
=3.322¢
=2 131E
5,397€

JRY-1.Y33

44006F
Yel9YE
1.315¢
l.566¢

00
00
01
vl
0
0
0
]
9
01
01
0o
00

oOTo0OSoC

R
1.913k=0)

n
Q
0

[t
=1e9]3E=0}
0

0
[

OL. TRANSPORT

cu. m.)

v
(

g, 9 8t=02
=2,119k=01
=helG4E=0]
ele?0lF 00
=].276LE 00
- 0

0

0

V]

[}

=3,622F €0
=304 15 00
=?e22%E=01
B,H45Eag]

CDODOO0OD

1e7160F=01

0
4el90FE=n]
Qehlll=0l
1e37%¢ 00
1.517E 00

?0001E=Q

cCoocNOLoOOoOC

0
-ZoODlE'OZ
0

0
4

ERI0D

Q o~
w

g8
4.500E
5.500E
S«500E
4,500E
5.800E
Se600E
64600E

WA

6+ 700E °

64600E
@«900E
8.600E
7.300E
7.900E
8.000F
74300E
8,300E
6+700E
62008
34900F
7.200E
6¢200E
4e600E
40300
44100E
4,900¢
6.200E
44500F
S.0100¢&
4,700€
5.000E
4.700E
3400
3.200E
3.800€
2T00E
S+400E
6.400E
3.300F
2+8B00E
4.200E
6.900E
S¢300E€
S5.7T00E

VOL. TRANSPORT
{cu. m.73 hrs)

«239,48323
~6]12.44581
=1206.28277
=3026.53808
=2348.17610

20 000

=24548.34855
«5141.,19343
=304.,75903
762.0709R

- N- - F-N- - N-]

403.2614°
0
1103.60999
2120454870
2396,74819
3796,01635

30006@00

804021

*51.4491

SooNOSS @

88t




BREAKER DIST.
(10's of m.)

W b 5o b o o ot St pr Bt ot P B s B e Bt geme (et Do i G G geum e B B e

REAKER HT.

ARNAWWLLDB

bW
c

LR BN
c eCc

Wt
(= =4

Wt &
ccCcc

-
<

S T PO VIR 7
[ A S~ N

wn
<<

N
. S

W N
< <

4

luy
[&2V]
Uy
cuy
(&3]
tuy
luy
I -11]
(]
i
ky
od
ty
~y

BREAKER ANGLE

(deg.)

——
- - -~
Uy

cSccoCcaococooococCcoOw

——
[TV}
< c

16%
1y
1y

170

WAVE ENERGY

w]S24L=01
ol b24tmn}
aleb2ot=0]

0
n

2¢753k=n1
9.00yc=01
4e388L=n]
Jeul2E=0}
leUdYk=01
3e.129E=01

[-R-N-N- NN NN - Y. NN}

=2,758t =01

o760k

-2,023t
-l 793g
-l H3IPE
9,919t

-l.bTHE
=490t
wb H4 L
=3 486k
=3.480L

=3 4HbE

01
0o
[}
nl
0l

MMERSED WT.

=5,334¢E=02
-9 ,330k=0¢
=5+334k=02

0
1]

Yebbak=02
3.1593E=01
le53bk=0)
l4051t=01
3.813E=02
1+09SE=01}

sSCcooccso

Qoo Ccos0os

=9 ,654E=02
«2.660L=0)
=T,08it=0]

-60137t
=1.,691¢t
~3.472E

=5.873¢
=3.110t
LTy
=1.220¢t
el ezcut

=le2¢0f

00
13}
[}
0
]
4]
0
vo
oo
[T}]
0o
[H1]
o
Ou

0L. TRANSPORT

cu. m.)

v
(

«5,579E=03
«5,579E=03
=5 .H719E~03
[]

0
1e010E=02
3.298F=02
1660/t =92
16099 =02
3+98KE=(Q)
1e145F=02

OO0 O0OCCOTOC OO0

*l.0l0E=02
=2+ 7T83E~02
=7,40nE=D2
=he419t=01
«14769E 00
=3.,A31E 00

0

0

0

0
=he143E=01
=3.299E-01
=204k =0]
=142ThRE=0]
=je27nE=01

0
-IQ?VEE'OI

20600
20600€

2+900E

3.300E,

2+200E
4.000E
4e200E
4+800E
2.600E
2+000E
Se700€
T¢500E
6+500F
T«T00E
8.T00F
Se100E
2.700E
2¢100E
5.900€
Se500E
4e300E
7«100E
5500E
446008
2¢600F
3.500F
44200E
S.700E
6300F
7+500E
8,000F
7.300E
d0200E
64200E
6+B00E
6.400E
6«500F
T«SU0E
T.300E
4e700E

VOL. TRANSPORT
(cu. m./3 hrs)

«13,09928
«10.38909
*15.450644
0

0
37.60448
107.92897
78.86466
29467063
10.25438
2976979

N N-¥-N-X-F-N-X-N-N-J-N-¥-¥.]

«23,70717
«115.58259
«228,53696

«1650,57076
»3351,48079
=6224.69221
0

0

(]

0
=1070.08956
«517.55858
«422,598A3
=212.02901
«183.75847

0
=293.23)60

681



(10's of m.)

n i BREAKER DIST.
[y

20
16

L
VLA ~wweESrvEgdyptvsLace

< (em.)

o 0o o oo @ BREAKER HT.
L - & I A -

49
&

v

R ANGLE

— BREAKE
(deg.)

-
-
vpocooococe e

b e s Bt g
oV uUreo

cc cecc

-~
[
=

195
190
190

10
[
10
30
39

N
SCSsCccocCc U

WAVE ENERGY

-b.551t

=3, 4HBE

00

0
00

SO0 OCO

1.524E=01
1524 =g}
1089c =01
6elblb=g]

24432t
led70t
1s574L

00
00
no

8el62E=g])

=2.023L
=] edboe
=154k
=4:300¢

2eb4 17"
24295¢L
leb7nt
4e24Ye
4elave
lelasr

0
0
0
0

0
no
0]
0]
no

0

11
nl
0l
n1
0l
nl

Se46ht=]

COoODOOOOOOQ
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Morphology and topography maps of the littoral zone are derived from beach
profile data surveyed along eleven lines at a 50-m interval on each beach
(Fig. 1.1).

Survey Techniques:

A line of semi-permanent metal stakes was set up landward of the foredune
ridge to mark the end of each profile line. A set of beach stakes was driven
into the beach on the profile lines adjacent to the toe of the foredune ridge.
The tops of these stakes were surveyed with a self-levelling Zeiss Ni-2 level
to determine relative heights. The dune profiles (between the two stakes on
each line) were surveyed once during each phase. The beach profiles start
from the beach stakes and were surveyed seawards into water depths up to 1.5 m
during the low tide slack perfods. Surveys were carried out whenever possible
on alternate days using the pole and horizon method (Emery, 1961) (Photo 5.1).

An arbitrary datum of 10.000 m was chosen for the top of the number 11 dune
stake at each site. All stake heights were levelled into that datum and it
should be noted that no direct relationship exists between the east and west
site datum planes.

Data Reduction:

Horizontal and vertical measurements from the beach profiles were
transferred to computer cards and elevation changes for each profile were
computed and plotted at a vertical exaggeration of X4. Sweep zone profiles
(King and Barnes, 1964) were drawn manually from the profile outputs (Fig. 5.1).
Using the profile data a computer contoured topographic map for each day of
profiles was produced using a general purpose contouring program developed by
CALCOMP. Morphologic maps were derived manually from an interpretation of
the topographic maps and the profiles.

Data Format:

The contoured topographic maps for each day of profiles were drawn at an
interval of 0.25 m and with an offshore exaggeration of X2.5. All heights
refer to the arbitrary 10.000 m datum at the crest of the number 11 dune stake
on each site. The maps are drawn from the beach profiles which start at the
stakes adjacent to the toe of the foredune ridge.

Morphologic maps were prepared with an offshore exaggeration of X3. Each
map shows (1) the limits of the beach face slope (solid lines); (2) intertidal
and/or nearshore bar(s) (dotted shading); (3) welded ridges (shading) and
(4) the length of each profile line (L). Stip-faces on the landward margin of
asymmetrical bars or scarps cut in the beach face are indicated by cross-
hatches. The maps are drawn with reference to the 1ine of beach profile stakes
at the base of the foredune ridge.

Profile data are presented as a plot of the calculated vertical and
horizontal values drawn at a vertical exaggeration of X4, The dune profiles
(suffixed by the letter D) were surveyed once during each phase and are plotted
from the base of the dune stake to the base of the beach stake. The beach
profiles start from the base of the beach stake. Where the swash line was
recorded during profiling this location is marked on the profile plot by a
circle. All of the dune stakes remained unmoved throughout the operation but
the beach stakes were replaced in November following extensive beach erosion

v
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during a major storm in October (Table 5.1).

The plotted profiles are presented in the sequence: summer west, summer east,
winter west, winter east and dunes.

Photo 5.1 Beach profiles were surveyed using the pole-and-horizon
method. The change in elevation between two vertical
staffs is measured by levelling on the horizon. This is
a modification of the method described by Emery (1961).
The elevation difference between the staffs in this
photograph is -9 cm.

—
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TABLE 5.1

Levelled heights to the tops of profile stakes (in metres)

Profile Dune Stake Summer Beach Stake Winter Beach Stake
Wl 14.629m 9.052 8.189
W2 14.673 9.896 9.402
w3 14,845 8.222 8.479
Wh 14.573 7.740 8.008
W5 9.350 8.004 7.880
w6 9.990 7.958 7-900
W7 11.0L44 8.517 7.895
w8 10.563 9.012 7.864
W9 14.601 8.803 7.941
wio 12.045 8.848 7.901
Wil 10.000 9.925 7.896
(summer closing error: 0.075) (winter closing error: 0.018)
El 6.372 6.074 4,951
E2 6.534 5.448 L.920
E3 7.373 5.212 L.6b3
Eh 7.752 L.759 L.505
ES 7.280 L.617 L .323
E6 7.142 4.698 L.244
E7 7.495 k.60 L.160
ES 7.5L46 L.779 L.197
E9 7.811 L. 747 L.190
E10 8.046 L. ook L. 405
EN 10.000 L .806 L.292

(summer closing error: 0.003) (winter closing error: 0.001)
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CONTOURED BEACH MAPS
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MORPHOLOGIC MAPS
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Summer west
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Survey Techniques:

Sounding lines were surveyed along six of the beach profile lines (the
odd-numbered lines). During the summer phase three surveys were carried out
on the east site and two on the west site using a Furono FG-11/200 Mark 3
echo-sounder mounted in a 5m rubber boat. In the winter this sounder was
installed on an 8m inboard-outboard Mason boat which also had a hull-mounted
transducer and Raytheon DE-719 sounder. Both machines were operated
simultaneously. Even with the larger, more stable boat, profiling proved
difficult in November and only one survey was carried out on the west beach
and two on the east beach. A further set of surveys was carried out in May
1975 during a subsequent visit to the sites. Position fixes were obtained
using a Wild T-2 theodolite at a fixed location on shore to measure angles as
the boat stayed on a course perpendicular to the beach.

Data Reduction:

Triangulation fixes and depth values from echo-sounder profiles were
computed and plotted manually to produce maps of the nearshore zone. The data
were contoured manually and bar locations were derived from an interpretation
of the mapped profile data and the echo-sounder rolls.

Data Format:

The data from each survey is presented as a contoured topographic map
which includes data from the littoral zone derived from beach profile surveys.
These maps are presented with no offshore exaggeration. |In addition, profiles
surveyed along each line are presented as a composite of profiles to indicate
morphologic variations between surveys.
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PART 7

SEDIMENT SIZE DATA
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Sample Collection:

One set of samples was collected along a line adjacent to profile 11 at
each site. The location of the bottom samples with respect to depth and
morphology is given in Figure 7.1. Bottom samples were collected by divers.

Sample Analysis:

Samples were wet-sieved at an 0.5¢ interval following procedures outlined
by Owens (1974b). The results of the sieve analyses were reduced using a
modified Woods Hole size analysis program (Schlee and Webster, 1965). This
program calculates the median and four moment measures using a parabolic
interpolation to a 0.125¢ interval.

Data Format:

A precis of the computer output is presented in the same format as other
Jittoral-zone sediment samples collected in the southern Gulf of St. Lawrence
(Owens, 1974b). The abbreviations are discussed fully by Owens (1974b). In
the ''SEDIMENTARY ENVIRONMENT' column,''b'' refers to the central beach face,

"d" to the berm, and ''g'' to the dune. Other abbreviations are fs (fine sand),
ms (medium sand), cs (coarse sand), w (well sorted) and w (very well sorted).
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SEDIMENT SAMPLE LOCATIONS
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Figure 7.1 Location of bottom surface samples collected during the
summer phase. These profiles show the sample sites in
relation to the nearshore topography.



g
S el SIZE FRACTIONS SEDIMENT TYPE
S S8 Qs
S N By Ei% v e < o © = S8 S
S | oms (Be SRl BE | | <Flas s | R s [551E
S S = 5 |es ] 89 5 ST 33 5% & S& | S
A &S R |aF | O a A & v S S LSS S S ol |«
Ml-West | outer 1 - 99.92 0.08 ms 0.39 |w
nearshore
bar
Ml-West | trough 2 - 99.94 0.06 ms
Mi-West | inner 3 - 99.99 0.01 ms cs
nearshore
bar
MI-West | nearshore 4 - 100.00 - ms cs
MI-West | intertidal 5 b - 100.00 - cs,ms
zone
Mi-West | beach berm 6 d - 100.00 - cs,ms
Ml-West | dune V4 g - 99.56 0.44 ms
(10.3)

(AL




—
g
S & % SIZE FRACTIONS SEDIMENT TYPE
I << =
o & & Qd
S 5] 55 | 85 | S S8 |E
S5 S8 |SEIEE| &Y | F | el s¥ ol sY | E|EO|EE (B
0= w O WM [OR QA (%) Ry v =X == g § U)E 0w
Mi-East | offshore 1 99,71 0.29 fs 2.48 } 2.36 | 0.4 w
Ml-East | offshore 99.69 0.31 fs ms 2.36 .22
Mi-East { outer 99.94 0.06 ms, fs 1.98 .87
nearshore
bar
Mi-East | crest, outen 99.99 0.01 ms 1.44 .36
nearshore
bar
MlI-East | trough 99.99 0.01 ms 1.49 .38
MI-East | inner 99,98 0.02 ms fs 1.84 .67
nearshore
bar
Ml-East| intertidal 99.96 0.04 ms,fs 1.96 .81
zone
MlI-East | beach berm 100.00 - ms 1.57 b9
Ml-East{ dune 99.97 0.03 ms,fs 2.14 .91

tih




L5

REFERENCES



iy

Das, M.M., 1973: Suspended sediment and longshore sediment transport data
review; Proc. 13th Int. Conf. Coastal Eng., Vancouver, Canada, 1972 (Amer.
Soc. Civil Eng., N.Y.), 1027-1048.

Emery, K.0., 1961: A simple method of measuring beach profiles; Limnol. and
Oceanogr., 6, 90-93.

Fox, W.T. and Davis, R.A., 1971: Fourier analysis of weather and wave data
from Holland, Michigan, July 1970: Rept. No. 2, ONR Contract 388-092, 79 p.

Galvin, C.J., 1968: Breaker type classification on three laboratory beaches;
J. Geophys. Res., 73, 3651-3659.

inman, D.L., and Bagnold, R.A., 1963: Beach and nearshore processes, pt. 2,
Littoral processes; In Hill, M.N. (ed.), The Sea, vol. 3, Interscience,

N.Y., 529-553.

King, C.A.M. and Barnes, F.A., 1964: Changes in the configuration of the
inter-tidal beach zone of part of the Lincolnshire coast since 1951:
Zeits. flir Geomorph., NF8, 105%-126%,

Munk, W.H., 1949: The solitary wave theory and its application to surf
problems; An. N.Y. Acad. Sci., 51, 376-462.

Owens, E.H., 197ha: A framework for the definition of coastal environments
in the southern Gulf of St. Lawrence; Geol. Surv. Canada, Paper 74-30,

vol. 1, 47-76.

, 1974b: Size analysis data of surface samples from the coastal
zone of the southern Gulf of St. Lawrence; Bedford Institute of
Oceanography, Data Report 74-1, 106 p.

, 1975a: The geodynamics of two beach units in the Magdalen
Islands, Quebec, within the framework of coastal environments of the
southern Gulf of St. Lawrence; Unpublished Ph.D. dissertation, University
of South Carolina, Columbia, South Carolina, 319 p.

, 1975b: Barrier beaches and sediment transport in the southern
Gulf of St. Lawrence, Canada; Proceedings, 14th International Conference
on Coastal Engineering, Copenhagen, June 1974, (Amer. Soc. Civil
Engineers, N.Y.), vol. i, 1177-1193,

, 1975c: Littoral processes and sediment dynamics, Magdalen Islands,
Quebec: July - August, 1974; Geol. Surv. Canada, Report of Activities,
Paper 75-1, Part A, 157-160.

, 1975d: Littoral processes and sediment dynamics, Magdalen Islands,
Quebec: November 1974; Geol. Surv. Canada, Report of Activities, Paper
75-1, Part B, L7-51,

Owens, E.H. and Harper, J.R., 1972: The coastal geomorphology of the southern
Gul f of St. Lawrence: A reconnaissance; Maritime Sediments, 8(2), 61-64.

Schlee, J. and Webster, J., 1965: A computer program for grain-size data:
Woods Hole Oceanogr. Instit., Tech. Rept. 65-42, 21 p.



