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1. INTRODUCTION

Saipan,an islandin the Commonwealth of the Northern Mariana Islands (CNMI), is located at
approximatelyl5 11' north latitude and 14513’ east longitude. The Northern Mariana Islands

are a group of fourteen islands, aligned naxhth in a chain 440 miles lonGaipan, the largest

island in the group, is also the center of government, business and popul@tie island is

about 12.5 miles long and 5.5 miles wide. Saipan consists of a volcanic core capped by limestone
(calcareous reef rock) terraces. Limestone cliffs, which also include local deposits of volcanic
origin, line the eastern, northern and $@uh coasts of the island. The western coast, however,

is composed of a narrow coastal plain of calcareous sand, mixed with volcanic alluvium.
Offshore of the west coast, there is a broad, shallow lagoon sheltered from the ocean by a barrier
reef. The lgoon is broadest and deepest immediately north of American Memorial Park at
Puntan Muchot where the distance from the shore to the barrier reef is about 2 miles and the
maximum water depth is about 40 to 50 feet. A wide pass interrupts the barrieffsieefeo

and he commercial harbor and entrance channel are located in this area, taking advantage of the
reef pass. To the soudimdnorth thelagoontransitions into a fringingeef from0.3 to 0.8 miles

wide with water depthsypically lessthan10feet.

Saipan's Bureau of Environmental and Coastal Qual@wision of Coastal Resource
Management (BECDCRM) has contracted Sea Engineering, Inc. (SEl) to conduct a
hydrodynamic study of Saipan's western lagodme purpose of #project is to create and
enhance the existing models of the hydrodynamidbelagoon. The initial phase of the study

was deployment of current meters and wave gages throughout the lagoon. The instruments
provide important data on the hydrodynamic aibons in the lagoonwhich will be used to
calibrate a numerical hydrodynamic model of circulation and transport in the lagoomodkeée

will assistBECQ-DCRM with the development of sampling and protedor marineand water

quality nonitoringin thelagoon.

Two Acoustic Doppler Current Profilers (ADCPs), and seven Acoustic Doppler Velocimeters
(ADVs) were deployed along the west side of the island to measure current and wave data. This
data is used to define typical oceanographic conditionscalidrate numerical modelsThe
deployment period was the end of June to beginninQatdber2017. The project location is

shown inFigure 1-1, and he instrumentdcations are shown iRigure 1-2, and coordinates are
shown inTable1-1.

This report presents methods and results of the instrument deployment.

Sea Engineering, Inc. 1
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Figure 1-1. Project Location Map

Sea Engineering, Inc. 2
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Table 1-1. Instrument Location and Deployment Dates

Name | Latitude Longitude Depth (m) | Deployed | Retrieved | Description
North of Garapan
ADCP 1| 15.23589756 N 145.69362978 B 21.77 | 6/29/2017 | 10/17/2017 | Harbor Entrance
Channel
ADCP 2| 15.23045018 N 145.70013704 § 1148 | 6/20/2017 | 10/31/2017 | Z3rapan Harbor
Entrance Channe
ADV 1 | 1525019211 N 145.75808601 F 1.52 | 6/29/2017 | 10/18/2017| Pau Pau Beach
ADV 2 | 15.24430711 N 145.724129E| 3.54 | 6/29/2017 | 10/18/2017 e e
Managaha Islang
ADV 3 | 15.2344492 N| 145.71922906 E  7.32 | 6/29/2017 | 10/18/2017 | Garapan Lagoorn
ADV 4 | 15.22310605 N 145.71720054 2.88 | 6/30/2017 | 10/17/2017|  Amencan
Memorial Park
ADV 5 | 15.22064287 N 145.70939735E  3.45 | 6/30/2017 | 10/17/2017 Micro
Beach/Hyatt
ADV 6 | 1519759292 N 1457092623 E| 2.33 | 6/30/2017 | 10/17/2017 |  -lghthouse
Channel Entrancg
ADV 7 | 15.15110924 N 14569648297 E 094 | 7/1/2017 | 10/17/2017 | . Sudar Dock
Channel Entrancs
Sea Engineering, Inc. 4
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2. METHODS

ADCPsare marine instruments that use the Dopgilferct to measure water particle movement.

The instruments emit acoustic beams, and acoustic backscatter from particulates in the water
column is shifted to higher and lower frequencies depending on the relative motion of the
particulates to the acoustiedms. By separating the backscatter return by time, different layers

of the water column can be measur&laves can be calculated from linear wave theory using
orbital velocity, measured pressure, and surface trackilmg.common with all transducer
geneated acoustics, the acoustic beams have associated side lobe patterns. At the sea surface,
reflections of the side lobes cause noise timdéesthe data. As a result, the top six percent of

the water column igypically not useable data. For this j@d, two 600kHz Teledyne
WorkhorseSentinel ADCPs were used.

ADVs are marine instruments that collect higisolution velocity and pressure data in rapidly
changing environments. The instrument integrates Doppler velocity measurements with
additional sesors such as temperature, pressure, tilt and a compass. Naitek PUV
software forprocessingwave height, period, spectra and directional estimates can be made
based off of the pressure and orbital velocities recorded in the unit. For this peogciNortek
Vector 3D current meters were used.

The instrumentlata are recordednly in International Standard (SI) units. Instrument settings
for the deployment included the following:

ADCP1: 600kHz Workhorse Sentinel ADCP2: 600kHz Workhorse Sentinel
1 Deployed: June 29, 2017 1 Deployed: June 29, 2017
 Recovered: October 17, 2017 1 Recovered: October 31, 2017
1 Mean Depth: 21.77 meters 1 Mean Depth: 11.48 meters
1 Bin interval: 0.5meters 9 Bin interval: 0.5 meters
1 Sampling Rate: 1 Sampling Rate:
0 CurrentEnsemble Interval: o Current Ensemble Interval:
20 minutes 20 minutes
o Current Samples per Ensemble o Current Samples per Ensembile:
200 200
o Current Sample Rate: .66 Hz o Current Sample Rate: .66 Hz
o Wave Ensemble Interval: o Wave Ensemble Interval:
60 min 60 min
o Wave Samples per Ensemble o Wave Samples per Ensemble
2136 2136
o Wave Sample Rate: 2 Hz o Wave Sample Rate: 2 Hz
1 Velocity Accuracy: 0.3% of 1 Velocity Accuracy: 0.3% of
relative watewelocity, +3.0 mm/s relative water velocity £3.0 mm/s
1 Minimum Wave Height: 0.2 meters 1 Minimum Wave Height: 0.2 meters

Sea Engineering, Inc. 5
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ADV1:
T

)l
T
T

ADVS3:

= =4 =4 -4

ADV5:

= =4 =4 -9

= =4 =4

Vector 3D Current Meter
Deployed: June 29, 2017
RecoveredOctober 18, 2017
Mean Depth: 1.52 meters
Sampling Rate:

o0 Sample Rate: 2 Hz

o0 Burst Interval: 3600 s

o0 Samples PeBurst: 2048
Velocity Accuracy: + 0.5% of
relative water velocity £1.0 mm/s
Minimum Wave Height: 1 mm

Vector 3D Current Meter
Deployed: June 29, 2017
RecoveredOctober 182017
Mean Depth: 7.32 meters
Sampling Rate:

0 Sample Rate: 2 Hz

0 Burst Interval: 3600 s

o Samples Per Burst: 2048
Velocity Accuracy: + 0.5% of
relative water velocity £1.0 mm/s
Minimum Wave Height: 1 mm

Vector 3D Current Meter
Deployed: June 30, 2017
RecoveredOctober 17, 2017
Mean Depth: 3.45 meters
Sampling Rate:

o0 Sample Rate: 2 Hz

o0 Burst Interval: 3600 s

o Samples Per Burst: 2048
Velocity Accuracy: + 0.5% of
relative water velocity £1.0 mm/¢
Minimum Wave Height: 1 mm

ADV2: Vector 3D Current Meter

il
)l
il
il

Deployed: June 29, 2017
RecoveredOctober 18, 2017
Mean Depth: 3.54 meters
Sampling Rate:

o0 Sample Rate: 2 Hz

0 Burstinterval: 3600 s

o Samples Per Burst: 2048
Velocity Accuracy: + 0.5% of
relative water velocity £1.0 mm/s
Minimum Wave Height: 1 mm

ADV4: Vector 3D Current Meter

T
T
1
T

Deployed: June 30, 2017
RecoveredOctober 17, 2017
Mean Depth: 2.88 meters
Sampling Rate:

0 Sample Rate: 2 Hz

0 Burst Interval: 3600 s

o Samples Per Burst: 2048
Velocity Accuracy: + 0.5% of
relative water velocity £1.0 mm/s
Minimum Wave Height: 1 mm

ADVG6: Vector 3D Current Meter

= =4 =4 -9

Deployed: June 30, 2017
RecoveredOctober 17, 2017
Mean Depth: 2.33 meters
Sampling Rate:

0 Sample Rate: 2 Hz

o Burst Interval: 3600 s

o0 Samples Per Burst: 2048
Velocity Accuracy: * 0.5% of
relative water velocity £1.0 mm/s
Minimum Wave Height: 1 mm

Sea Engineering, Inc.
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ADVT7: Vector 3D Current Meter
1 Deployed: July 12017
1 RecoveredOctober 17, 2017
1 Mean Depth: 0.94 meters
1 Sampling Rate:
0 Sample Rate: 2 Hz
o0 Burst Interval: 3600 s
o0 Samples Per Burst: 2048
1 Velocity Accuracy: + 0.5% of
relative watewelocity £1.0 mm/s
1 Minimum Wave Height: 1 mm

Sea Engineering, Inc. 7
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3. CURRENT DATA

The measured current data is presented by time series plots of the east adidenbethvelocity
components, andurrent roses. The roses show the statistical distribution of the current velocity
by direction, and are further broken down into surface, mid depth and bottom layers of the water
column for ADCP data. Every rose has a corresponidiblg (histogram) shang the percent
occurrence of current velocity from 16 directional sectors of 22.5 degf@aasent directions

defined as the direction flow is goingward (oceanographic convention); for example, a current
flowing from due west to east would have fthieection of east, or the compass direction 90°
from north.

ADCP1

At ADCP1, the time seried~igure 3-1), current rosesHigure 3-2 to Figure 3-4) and histograms
(Table 3-1 to Table 3-3) show the flow oscillates along the coast (as is typical for tidal driven
flow) with a predominately southouthwest flow apparent in the middle and lower water
column. The average velocity ranges from 0.20magthe surfaceéo 0.12 m/srearthe bottom.
The maximum record velocity at ADCP1 was 0.62 n@arthe surface and midiater column

ADCP2

The currents at ADCPflow in a primarily west to southwest direction throughthe entire
water column. This flow pattens likely dueto the western lagoon draining through the main
channel ADCP2 is located on the northern side of the chanfeemeasurediataare presented

in time serieplots (Figure 3-5), current rosesHigure 3-6 to Figure 3-8), and histogramsT@ble

3-4 to Table 3-6). The averagevelocity ranges from 0.20 m/s at the surface to 0.12 m/s at the
bottom. The maximum record velocity at ADZWas 0.81 m/s at the surface.

ADV1

ADV1 is located approximately 3.4 km northeast of the harbor where the lagoon significantly
narrows. The currents measured at AD¥iaw primarily to west. The average curremtas0.16

m/s, with a maximum recorded current of 0.50 m/s. The recorded ¢ines st this location is
shown inFigure3-9 . The current rose and corresponding histogram are showigume 3-10
andTable3-7, respectively.

ADV2

The currents measured at ARYlow to thesouth southeasipproximately 80% of the timelThe
average current was 0.12 m/s, with a maximum recorded current of 0.52 m/s. The recorded time
series at this locatiois presentedni Figure3-11 The current rose and corresponding histogram

are shown irFigure3-12 andTable3-8, respectively.

ADV3

The currents measured at AB¥ow to the south nearly 80% of the timeThe average current
was 0.08 m/s, with a maximum recorded current of 0.32 m/s. Cuwedatities for this ADV
were relatively low, most likelypecauseahis ADV wassituated in a water depth of 7m (24 ft),
significantly deepethan tle other ADVs. The recorded time series at this location is shown in
Figure3-13. The current rose and corresponding histogram are shokigure3-14 andTable

3-9 respectively.

Sea Engineering, Inc. 8
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ADV4

The currents measuredAbV4 flow primarily to the west southwesiThe average current was
0.05 m/s, with a maximumrecorded cuent of 0.20 m/s. The recorded time series at this
location is shown irFigure 3-15. The current rose and corresponding histogram are shown in
Figure3-16 andTable3-10respectively.

ADVS

The currents measured ADV5 wereweak with a slight predominance of flow to the south to
west directions. The average current was 0.08s with a maximunrecorded currenvf 0.16
m/s. The recorded time series at this location is showRigure 3-17. The current rose and
corresponding histogram are showrFigure3-18 andFigure3-11, respectively.

ADV6

The currents measured at AD\&Be bimodal, with flow to the east and northwest. Prevailing
week flow is to the east, while strong wave driven flow is to the northwiédst.average current
was 0.B m/s, with a maximum recorded currentlofl7 m/s. The recorded time series at this
location is shown irFigure3-19. The currentose,and corresponding histogram are shown in
Figure3-20andTable3-12, respectively

ADV7

The currents measured at AD¥YI@w primarily to thewest southwest The average current was
0.09 m/s, with a maximum recorded current of 0.48 m/s. The recorded time series at this
location is shown irFigure3-21. The current rose and corresponding histogram are shown in
Figure3-22 andTable3-13, respectively.

Sea Engineering, Inc. 9



2017 Hydrodynanei St udy of Sai piaDataRepdMe st ern Lagoon & =
o
Current Easting Velocity

0.6F +  Bottom of Water Column | -
E + Middle of Water Column
E 04Lb + Top of Water Column |-
=
[&]
=]
[il]
=
o
=
W
]
L

Jun-29 Jul-26 Aug-23 Sep-19 Oct17

Date
Current Northing Velocity

— 0B i
w1
E
=
[
=]
o
>
[=]
=
£
b=
=]
=

Figure 3-1. ADCP 1 current time series
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2017 Hydrodynanei St udy of Sai piaDataRepdMe st ern Lagoon

ADCP 1:
Top of Water Column
Jun-29-2017 to Oct-17-2017

Figure 3-2. ADCP 1 top of water column current rose

Table 3-1. ADCP 1 top of water column current histogram

V (m/s)\Dir 0 225 45 67.5 90 1125 135 1575 180 2025 225 2475 270 2925 315 337.5| Total
0-0.1 063 043 042 027 040 044 034 021 045 054 1.04 1.50 167 2.02 1.44 1.01 12.82

0.1-0.2 261 106 078 083 075 062 101 092 092 217 3.93 4.04 44.42
0.2-0.3 1.19 0.8 0.08 038 047 045 086 273 2.83 28.56
0.3-0.4 0.05 0.04 005 0.08 052 152 1.09 10.12
0.4-0.5 0.08 0.59 0.19 3.73
0.5-0.6 0.01 0.16 0.35
0.6-0.7 0.01 0.01
0.7-0.8 0.00
0.8-0.9 0.00
0.9-1.0 0.00
1.0-11 0.00

1.1+

0 225 45 67.5 90 1125 135 1575 180 2025 225 2475 270 2925 315 337.5 | Overall

Mean 0.17 014 013 014 013 015 016 017 021 025 0.27 0.19 0.15 0.16 0.18 0.19 0.20
StDev 0.06 006 005 0.05 005 007 007 007 010 0.11 0.11 0.09 0.07 0.06 0.06 0.07 0.09
Min 0.04 004 002 0.04 003 002 002 002 003 0.03 0.03 0.02 002 0.03 0.02 0.02 0.02
Max 045 036 025 029 026 035 033 038 054 062 0.57 0.49 042 0.38 0.39 0.39 0.62

Sea Engineering, Inc. 11



2017 Hydrodynanei St udy of Sai piaDataRepdMe st ern Lagoon

ADCP 1
Middle of Water Column
Jun-29-2017 to Oct-17-2017

Current Speed (m/s)
B07-08

Figure 3-3. ADCP 1 middle of water column current rose

Table 3-2. ADCP 1 middle of water column current histogram

V (m/s)\Dir 0 225 45 675 90 1125 135 1575 180 2025 225 2475 270 2925 315 3375 | Total
0-0.1 225 183 154 110 078 075 076 123 165 191 2.51 176 178 134 2.02 1.96 25.16
0.1-0.2 - 383 150 068 011 0.08 003 044 191 191 149 152 3.18 43.04
0.2-0.3 1.88 0.82 024 0.03 0.05 0.56 3.28 029 0.16 0.25 0.43 1.34 18.35
0.3-0.4 0.03 0.20 0.01 1.39 0.04 9.93
0.4-0.5 0.01 2.90 0.27 3.18
0.5-0.6 0.29 0.04 0.33
0.6-0.7 0.01 0.01
0.7-0.8 0.00
0.8-0.9 0.00
0.9-1.0 0.00
1.0-1.1 0.00
1.1+ 0.00
Total 1211 669 328 181 09 083 078 172 413 2883 1286 399 344 311 5.63 9.89 | 100.00
0 225 45 675 90 1125 135 1575 180 2025 225 2475 270 2925 315 337.5 | Overall
Mean 0.15 014 011 0.09 006 0.06 0.06 008 012 0.27 0.19 0.12 010 o012 0.12 0.14 0.17
StDev 005 007 006 005 003 003 002 004 006 011 0.10 0.06 005 0.06 0.05 0.05 0.10
Min 0.01 002 001 002 001 001 002 001 001 0.01 0.01 0.02 001 o001 0.01 0.01 0.01
Max 031 043 029 029 014 014 013 024 032 058 0.62 035 028 028 0.28 0.28 0.62
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ADCP 1
Bottom of Water Column
Jun-29-2017 to Oct-17-2017

Figure 3-4. ADCP 1 bottom of water column current rose

Table 3-3. ADCP 1 bottom of water column current histogram

V (m/s)\Dir 0 22.5 45 67.5 90 1125 135 1575 180 2025 225 2475 270 2925 315 337.5| Total
0-0.1 278 293 335 253 148 115 107 144 350 481 4.69 293 215 191 1.59 1.77 40.06
0.1-0.2 392 631 710 155 005 0.01 0.24  4.38 - 5.97 155 107 0.83 112 1.84 50.54

0.2-0.3 064 1.00 0.04 076 575 053 0.09 0.01 8.92
0.3-0.4 0.05 0.04 001 034 004 0.48
0.4-0.5 0.00
0.5-0.6 0.00
0.6-0.7 0.00
0.7-0.8 0.00
0.8-0.9 0.00
0.9-1.0 0.00
1.0-1.1 0.00
1.1+ 0.00
Total 676 994 1148 412 153 116 107 168 865 2547 11.23 457 322 275 273 3.64 | 100.00

0 22.5 45 675 90 1125 135 157.5 180 2025 225 2475 270 2925 315 337.5 | Overall

Mean 011 013 013 0.09 005 0.04 004 006 012 0.16 0.11 0.09 009 008 0.09 0.10 0.12
StDev 0.04 005 005 004 0.03 002 002 0.03 006 0.06 0.05 0.04 0.04 004 0.04 0.04 0.06
Min 0.01 001 001 0.01 001 001 001 001 001 001 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Max 022 035 034 021 013 010 010 016 031 039 037 025 019 0.21 0.23 0.22 0.39

Sea Engineering, Inc. 13
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Figure 3-5. ADCP 2 current time series
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2017 Hydrodynanei St udy of Sai piaDataRepdMe st ern Lagoon

ADCP 2:
Top of Water Column
Jul-10-2017 to Oct-31-2017

Current Speed {m/s)
W==07
E06-07

Figure 3-6. ADCP 2 top of water column current rose

Table 3-4. ADCP 2 top of water column current histogram

V (m/s)\Dir 0 22.5 45 67.5 90 112.5 135 157.5 180 202.5 225 247.5 270 292.5 315 337.5 Total
0-0.1 033 0.17 0.02 0.04 0.11 0.15 0.34 0.36 1.08 1.88 1.95 (575 153 k.24l 0.74 1167
0.1-0.2 0.01 0.13 2.58 X 48.96
0.2-0.3 0.83 27.24
0.3-0.4 0.75 d i 7.73
0.4-0.5 0.43 2.16
0.5-0.6 . 0.42 1.09
0.6-0.7 0.50 077
0.7-0.8 0.26 0.37
0.8-0.9 0.01 0.01
0.9-1.0 0.00
1.0-1.1 0.00
1.1+ 0.00
0 225 45 67.5 920 112.5 135 157.5 180 202.5 225 247.5 270 292.5 315 337.5 Overall
Mean 0.17 0.14 0.07 0.00 0.06 0.06 0.06 0.09 0.14 0.27 0.22 0.22 0.18 0.16 0.15 0.15 0.20
StDev 0.05 0.05 0.03 0.00 0.00 0.02 0.03 0.09 0.11 0.20 0.12 0.09 0.07 0.05 0.05 0.04 0.10
Min 0.03 0.04 0.05 0.00 0.05 0.03 0.03 0.02 0.03 0.02 0.02 0.02 0.01 0.03 0.01 0.02 0.01
Max 0.32 0.27 0.09 0.00 0.06 0.09 0.11 0.60 0.61 0.81 0.78 0.61 0.39 0.31 0.27 0.26 0.81
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ADCP 2
Middle of Water Column
Jul-10-2017 to Oct-31-2017
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Figure 3-7. ADCP 2 middle of water column current rose

Table 3-5. ADCP 2 middle of water column current histogram

V (m/s)\Dir 0 22.5 45 67.5 90 112.5 135 157.5 180 202.5 225 247.5 270 292.5 315 337.5 Total
0-0.1 137 0.56 0.16 0.15 0.07 0.12 0.31 0.71 75 3.99 434 2.90 2.86 243 2.09 2.00 25.79
0.1-0.2 0.04 0.05 0.06 4.65 4.91 48.49
0.2-0.3 131 4.39 3.80 0.64 18.50
0.3-0.4 0.65 1.55 2.05 0.20 450
0.4-0.5 0.52 0.69 0.21 1.48
0.5-0.6 . 0.54 0.29 0.88
0.6-0.7 0.27 0.01 031
0.7-0.8 0.04 0.04
0.8-0.9 0.00
0.9-1.0 0.00
1.0-1.1 0.00
1.1+ 0.00
0 225 a5 67.5 90 112.5 135 157.5 180 202.5 225 247.5 270 2925 315 337.5 Overall
Mean 0.12 0.11 0.06 0.04 0.04 0.05 0.06 0.06 0.11 0.18 0.18 0.20 0.16 0.13 0.11 0.11 0.16
StDev 0.04 0.04 0.04 0.01 0.02 0.02 0.03 0.07 0.11 0.15 0.10 0.08 0.06 0.05 0.04 0.04 0.09
Min 0.02 0.01 0.01 0.02 0.02 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.02 0.03 0.01 0.02 001
Max 0.25 0.20 0.13 0.06 0.07 0.09 0.12 0.58 0.65 0.74 0.62 0.46 0.36 0.27 0.22 0.22 074
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ADCP 2
Bottom of Water Column
Jul-10-2017 to Oct-31-2017
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Figure 3-8. ADCP 2 bottom of water column current rose

Table 3-6. ADCP 2 bottom of water column histogram

V {m/s)\Dir 0 22.5 45 67.5 90 112.5 135 157.5 180 202.5 225 247.5 270 292.5 315 3375 Total
0-0.1 355 128 052 058 092 130 1.95 1.87 3.30 5.15 5.99 5.89 4.98 4.28 388 3.53 48.96
0.1-0.2 153 056 002 0.05 0.06 0.09 3.57 _ 2.34 1.01 130 41.19
0.2-0.3 0.93 ! 0.04 7.37
0.3-0.4 071 171
0.4-0.5 0.54 0.67
0.5-0.6 0.09 0.10
0.6-0.7 0.00
0.7-0.8 0.00
0.8-0.9 0.00
0.9-1.0 0.00
1.0-1.1 0.00
11+ 0.00
Total 508 1.84 054 058 092 135 2.01 1.95 413 1099 1718 2204 1501  6.66 488 483 100.00
0 225 45 675 90 1125 135 1575 180 2025 225 2475 270 2925 315 3375 Overall
Mean 008 008 004 004 004 005 0.06 0.06 0.09 0.15 0.14 0.14 0.12 0.09 0.08 0.08 0.12
StDev 004 004 002 002 002 002 0.02 0.02 0.08 0.11 0.07 0.06 0.05 0.04 0.03 0.03 0.07
Min 001 001 001 001 002 001 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01
Max 018 019 012 007 009 013 013 013 0.54 058 0.47 0.40 029 023 0.18 017 0.58
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Figure 3-9. ADV 1 current time series
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2017 Hydrodynanei St udy of Sai piaDataRepdMe st ern Lagoon

ADV 1
Jun-29-2017 to Oct-02-2017

I Current Speed {m/s)
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Figure 3-10. ADV 1 current rose
Table 3-7. ADV 1 current histogram

V(m/s)\Dir | © 225 45 675 90 1125 135 1575 180 2025 225 247.5 270 2925 315 337.5| Total
0-0.1 0.30 0.16 037 089 270 290 162 136 136 243 446 5.84 166 089 047 0.26 27.67

0.1-0.2 0.02 0.04 o0.08 077 687 022 0.02 0.02 012 158 6.79 067 006 0.04 42.47
0.2-0.3 0.12 245 0.08 0.02 23.90
0.3-0.4 1.30 4.87
0.4-0.5 1.09
0.5-0.6 0.00
0.6-0.7 0.00
0.7-0.8 0.00
0.8-0.9 0.00
0.9-1.0 0.00
1.0-1.1 0.00
11+ 0.00
Total 0.32 020 045 178 12,02 312 164 136 138 255 612 4525 2141 158 053 030 § 100.00

0 225 45 67.5 920 1125 135 157.5 180 2025 225 247.5 270 2925 315 337.5 | Overall

Mean 0.05 0.05 0.08 0.11 0.15 0.07 005 004 004 005 008 017 0.23 0.10 0.07 0.06 0.16
StDev 0.03 0.04 0.03 0.06 0.06 0.02 002 001 0.02 002 004 0.06 0.09 0.04 003 0.03 0.08
Min 0.01 0.00 003 0.01 o001 001 000 000 0.00 0.01 0.01 o001 0.00 0.01 002 0.02 0.00
Max 0.11 0.11 014 026 029 0.16 011 007 0.2 013 021 042 0.50 0.25 012 0.11 0.50
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2017 Hydrodynanei St udy of Sai piaDataRepdMe st ern Lagoon

ADV 2
Jun-29-2017 to Oct-02-2017
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Figure 3-12. ADV 2 current rose
Table 3-8. ADV 2 current histogram
V (m/s)\Dir 0 225 45 675 90 112.5 135 157.5 180 202.5 225 2475 270 2925 315 3375 Total
0-0.1 1.78 078 0.82 048 084 1.62 478 1229 9.27 166 050 0.52 0.44 072 172 294 41.16
0.1-0.2 0.26 0.38 0.10 0.40 3.56 6.36 1.00 46.51
0.2-0.3 0.04 2.74 10.19
0.3-0.4 0.56 1.78
0.4-0.5 0.18 0.34
0.5-0.6 0.02 0.02
0.6-0.7 0.00
0.7-0.8 0.00
0.8-0.9 0.00
0.9-1.0 0.00
1.0-1.1 0.00
1.1+ 0.00
Total 236 098 108 0.86 094 206 1185 5471 1563 166 050 0.52 0.44 0.74 172 394 100.00
0 225 45 675 20 112.5 135 157.5 180 2025 225 2475 270 292.5 315 3375 Overall
Mean 0.07 0.07 0.07 0.08 0.05 0.07 0.15 0.14 0.09 0.04 003 0.03 0.03 0.03 0.04 0.07 0.12
StDev 0.03 005 0.05 0.046 0.04 0.05 0.10 0.06 0.04 0.02 002 0.01 0.02 0.05 0.02 003 0.07
Min 0.01 o0.00 0.01 0.01 001 0.01 0.01 0.00 0.01 0.01 001 o0.01 0.00 0.00 0.01 o0.01 0.00
Max 0.16 021 0.20 016 015 0.21 0.52 0.49 0.19 0.08 006 0.05 0.06 0.31 010 015 0.52
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2017 Hydrodynanei St udy of Sai piaDataRepdMe st ern Lagoon

ADV 3
Jun-29-2017 to Oct-02-2017

Current Speed (m/s)
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Figure 3-14. ADV 3 current rose
Table 3-9. ADV 3 current histogram
V (m/s)\Dir 0 225 45 675 90 112.5 135 157.5 180 2025 225 2475 270 2925 315 337.5| Total
0-01 |204 397 290 236 199 217 538 1124 856 105 045 019 015 036 0.69 | 7061
0102 |017 013 006 0.41 332 27.28
0.2-0.3 1.95 1.95
0.3-0.4 0.15 0.15
0.4-0.5 0.00
0.5-0.6 0.00
0.6-0.7 0.00
0.7-0.8 0.00
0.8-0.9 0.00
0.9-1.0 0.00
1.0-1.1 0.00
1.1+ 0.00
Total |221 410 296 236 199 217 538 1165 5240 11.88 105 045 019 015 036 069 | 100.00
0 225 45 675 90 112.5 135 1575 180 202.5 225 2475 270 292.5 315 337.5 | Overall
Mean 0.06 005 0.04 0.04 0.03 0.03 0.04 0.06 0.11 0.08 0.04 003 0.02 0.02 002 0.03 0.08
Stbev | 003 002 002 001 002 001 002 002 005 003 002 00l 00L 001 00l 001 | 005
Min 001 001 000 001 001 000 000 001 001 000 000 000 001 001 000 001 [ 000
Max 0.11 012 0.12 0.07 0.07 0.07 0.09 013 0.32 0.18 0.08 0.05 0.04 0.03 0.04 0.06 0.32
Sea Engineering, Inc. 23




2017 Hydrodynansi St udy of Sai piaDataBepoest ern Lagoon @
K

ADY 4 Current Time Series

Easting Yelocity {m/s)

Northing Yelocity (m/s)

Figure 3-15. ADV 4 current time series

Sea Engineering, Inc. 24



2017 Hydrodynanei St udy of Sai piaDataRepdMe st ern Lagoon

ADV 4
Jun-30-2017 to Oct-02-2017
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Figure 3-16. ADV 4 current rose

Table 3-10. ADV 4 current histogram

V(m/s)\Dir | 0 225 45 67.5 90 1125 135 157.5 180 2025 225 2475 270 2925 315 337.5| Total
0-0.1 150 3.15 455 243 144 207 6.58 843 319 313 _ 726 3.19 168 1.47 91.45

0.1-0.2 0.11 098 0.52 0.02 136 172 0.08 117 250 0.06 002 0.02 8.55
0.2-0.3 0.00
0.3-0.4 0.00
0.4-0.5 0.00
0.5-0.6 0.00
0.6-0.7 0.00
0.7-0.8 0.00
0.8-0.9 0.00
0.9-1.0 0.00
1.0-1.1 0.00

1.1+ 0.00

Total 150 3.26 553 29 144 209 794 1015 327 313 1642 2863 732 321 169 1.47 | 100.00

0 225 45 675 90 1125 135 1575 180 2025 225 2475 270 2925 315 337.5 | Overall

Mean 0.03 0.04 006 0.05 002 003 007 007 004 0.02 0.05 0.06 0.04 003 0.03 0.02 0.05

StDev 0.02 0.03 0.04 0.04 002 002 003 003 003 0.02 0.03 0.03 0.02 002 0.02 002 0.03
Min 0.00 0.00 0.00 0.00 0.00 0.00 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Max 0.10 0.13 018 0.17 008 011 017 014 015 0.0 0.20 0.20 0.12 012 013 0.09 0.20
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ADV 5
Jun-30-2017 to Oct-02-2017
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Figure 3-18. ADV 5 current rose

Table 3-11. ADV 5 current histogram

V (m/s)\Dir 0 225 45 675 90 1125 135 1575 180 2025 225 247.5 270 2925 315 337.5 | Total

0-0.1 315 269 420 436 452 406 38 355 6.12 5.22 99.66
0.1-0.2 0.04 004 002 010 008 0.04 0.34
0.2-0.3 0.00
0.3-0.4 0.00
0.4-0.5 0.00
0.5-0.6 0.00
0.6-0.7 0.00
0.7-0.8 0.00
0.8-0.9 0.00
0.9-1.0 0.00
1.0-1.1 0.00

1.1+ 0.00

Total 317 269 420 436 452 406 3.8 355 612 1008 1363 843 829 992 785 526 | 100.00

0 225 45 675 90 1125 135 1575 180 2025 225 2475 270 2925 315 337.5 | Overall

Mean 0.02 002 003 0.03 003 002 001 0.01 002 0.03 0.03 003 0.03 004 004 0.03 0.03
StDev 0.02 0.01 002 0.02 002 001 001 001 001 0.02 0.02 002 0.02 002 002 0.02 0.02
Min 0.00 0.00 000 0.00 000 000 000 000 000 0.00 000 000 000 0.00 0.00 0.00 0.00
Max 0.11 005 008 0.08 008 009 004 004 007 008 0.11 011 010 011 016 0.11 0.16
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Figure 3-20. ADV 6 current rose

Table 3-12. ADV 6 current histogram

V (m/s)\Dir 0 225 45 675 920 112.5 135 157.5 180 2025 225 247.5 270 2925 315 337.5 Total
0-0.1 1.37 113 121 295 288 113 085 045 054 082 137 3.06 451 2.71 2.45 38.07
0.1-02 |134 069 076 076 109 065 063 052 043 046 046 067 538 421 204 | 2959
02-03 |[045 054 048 032 250 058 048 080 022 028 024 033 035 143 391 163 | 1455
0304 |015 020 033 032 028 011 024 019 017 022 024 020 028 019 195 197 [ 7.09
0405 |013 011 007 007 006 004 013 006 011 006 007 006 004 007 260 273 [ 6.40
0.5-0.6 0.11 0.11 0.02 0.07 0.07 0.04 0.07 0.95 1.26 3.10
0.6-0.7 002 002 002 002 045 | 0.89
0.7-0.8 0.02 0.04 0.13
0.8-0.9 0.09
0.9-1.0 0.02 0.02
1.0-1.1 m 0.06
1.1+ 0.02 0.02

12.58 | 100.00

0 225 45 675 90 112.5 135 157.5 180 2025 225 247.5 270 2925 315 337.5 | Overall

Mean 0.18 0.18 0.17 012 0.12 0.12 015 019 021 020 0.18 014 011 0.13 0.25 0.30 0.18

Stbev | 0.16 0.5 014 013 008 012 012 015 016 018 018 015 012 008 015 019 [ 015

Min 000 001 001 000 000 000 000 000 000 000 000 000 000 000 000 000 [ 0.00

Max | 065 0.87 089 088 106 092 049 072 065 104 104 080 080 063 073 117 | 1.17
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Figure 3-21. ADV 7 current time series
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Figure 3-22. ADV 7 current rose

Table 3-13. ADV 7 current histogram

V (m/s)\Dir 0 225 45 675 90 112.5 135 157.5 180 2025 225 247.5 270 292.5 315 337.5 | Total
0-0.1 0.27 035 132 329 312 351 226 185 234 450 10.36 - 9.31 240 0.64 0.27 66.93
0.1-0.2 0.02 008 016 019 025 035 037 171 415 598 629 304 064 0.10 23.33
0.2-0.3 0.02 014 082 136 3.00 226 0.02
0.3-0.4 023 025 0.08 018 0.14
0.4-0.5 0.12  0.02
0.5-0.6
0.6-0.7
0.7-0.8
0.8-0.9
0.9-1.0
1.0-1.1
1.1+
Total 029 035 140 345 333 376 263 271 514 10.09 19.51 29.83 13.44 3.06 0.74 0.27 | 100.00

0 225 45 675 90 1125 135 1575 180 2025 225 2475 270 2925 315 337.5 | Overall
Mean 0.04 0.03 005 005 006 006 006 011 012 011 011 009 009 007 0.04 0.02 0.09
StDev 004 002 002 003 003 003 004 012 009 007 007 006 007 004 004 0.01 0.07
Min 0.00 0.00 0.00 0.00 001 000 000 000 000 000 000 001 000 000 0.00 0.00 0.00
Max 0.16 0.09 0.11 0.13 028 015 021 048 040 0.36 0.34 0.34 0.35 0.23 0.17 0.05 0.48
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4.  WAVE DATA

Wave data recorded by the ADCPs and ADVsmesented by time series plots of significant
wave height Ks), peak period Tp), and peak directionDp). The statistical distribution for

wave height and period are described by roses and histograms. Unlike curremtsyéhe
directionis defined as t#h direction from which the waves are propagatfog;example, a wave
propagatingrom due west to east would have the directiowest, or the compass direction

270° from north. Wave parameter data was recovered and processed for the entire deployment
durationfor both ADCPs, howevea dropin battery voltage reduced the sampling interval in the
ADVs toward the end of the deployment periogsulting inminor loss of recorded wave data.
Table4-1 lists the duratiorof wave data recording in the ADV instruments

Table 4-1. ADV wave data recording interval

Name Start Data End Data
ADV 1 | 6/29/2017 9/25/2017
ADV 2 | 6/29/2017 9/26/2017
ADV 3 | 6/29/2017 9/30/2017
ADV 4 | 6/30/2017 9/10/2017
ADV 5 | 6/30/2017 9/26/2017
ADV 6 | 6/30/2017 9/21/2017
ADV 7 7/1/2017 9/24/2017

ADCP1

The wave data froPMDCP1 shows that the waves primarily approach from tin@th and west

The average wave heighias?2.6 ft, largest recorded significant wave height \9a25 ft and lhe
average peak periaglas8.6 seconds, on Augu80 (Figure4-1 to Figure4-3 andTable4-1 and
Table 4-2. Two significant wave events impacted the west coast of Saipan during the
deployment period. From July 280, wave heights exceeded 5 fgaissibly due tdyphoons

Naru andNesat which were active in the area at the tirBewring August 2830, wave heights
exceeded 8 feeand were believed to be from typhoon Hato and severe tropical Bakirar.
These wave ants are easily visible as distinct peaks on all of the timesseeords of the
instruments.

ADCP2

The wave data froMDCP2 indicatesthat the waves primarily approach from gmuthwest to
northwest directions, which is consistent with ADCP2's partially sleelteccation inside the
lagoon entrancehannel Theaverage wave heightas2.26 ft,thelargest recorded significant
wave height wa8.76 ft and he average peak periaeas9.6 seconds In addition to the wave
events seen at ADCP1, there was a large wave event during OcteP@rbglieved to be from
typhoon Lan. All other ADCPs and ADVs were already recovered when this swell event hit, so
this was the only instrument that recorded this ey€igure4-4 to Figure4-6 andTable4-4 and
Table4-5).

Sea Engineering, Inc. 32



2017 Hydrodynansi St udy of Sai piaDataBepoest ern Lagoon g
AL

ADV1

The wave data fromDV1 indicatesthat the waves almost exclusivelpproach from thaorth

The average wave heighias 0.43 ft, the largest record# significant wave height wak.08 ft

and the average of the peak period was 3.3 seconds Wail@veragef the meanperiodwas

10.6 seconds.The peak period represents the wave period associated with the most energetic
waves occurring at the locatiowhich on the reef flat, consist of shallow water, high frequency
small waves. The mean period includes longer period water level increases assoavated
surges and surf beat likely associated with wave groups and sets. Only peak period results will
be presented for ADV2 ADV7 because the peak period presents the typically occurring waves
at the sites. Man period was included for ADV1 to demonstrate the longer period pulses that
were also recorded in the lagoon in addition to the short peawes(Figure4-7 to Figure4-10,
andTable4-6 to Table4-8).

ADV2

The wave data fromADV2 shows wavesapproacing from two distinct directions: south
southwest and east northea3the average wave heighes0.63 ft, largest recorded significant
wave height wa4.97 ft and the average of the peakipd was 3.5 second&igure 4-11 to
Figure4-13andTable4-9 andTable4-10).

ADV3

The wave data froADV 3 indicateswaves predominantlapproacing from west southwest
which is aligned with the entrance to the lagodrhe average wave heights1.52 ft, largest
recorded significant wave height was 4.00 il éime average of the peak period was 3.2 seconds
(Figure4-14to Figure4-16 andTable4-11andTable4-12).

ADV4

The wave data frorADV4 shows waves predominantlpproacing from the northio northeast
The average wave heightas0.57 ft, largest recorded significant wave height a4 ft and
the averagef the peak period was 3.0 secorffiggure4-17 to Figure4-19 andTable4-13 and
Table4-14).

ADVS

The wave measured aADV5 were predominantly from the northwestThe average awve
heightwas 1.15 ft, largest recorded significant wave height wie@9 ft and the average of the
peak period was 4.5 secon(@sgure4-20to Figure4-22 andTable4-15 andTable4-16).

ADV6

The wave data fromADV6 indicates thatwaves predominantiyapproachfrom the wet
northwest The average wave heigias 0.67 ft,largest recorded significant wave height was
4.23 ft and the average of the peak period was 3.3 se(igdse4-23to Figure4-25andTable
4-17 andTable4-18).

ADV7

The wave datarecorded atADV7 indicates thatwaves predominanthapproachfrom the
southwest to west directionADV7 was located in very shallow water, therefore wave heights
were small. The average wave heigivas0.49 ft,largest recorded significant wave height was
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1.51 ft and the average of the peak period wasdcbndqFigure4-26 to and Table4-19 and
Table4-20).

Hs (ft)
(6)]

Jun Jul Aug Sep Oct Nov

Tp (s)

Jun Jul Aug Sep Oct Nov

200

Dp (deg)

Jun Jul Aug Sep Oct Nov

Figure 4-1. ADCP 1time series peak wave parameters
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ADCP 1 (Jun 2017 - Oct 2017): Wave Height (ft)
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Figure 4-2. ADCP 1 wave height rose

Table 4-2. ADCP 1 wave height histogram

Hs (ft)\Dir 0.0 22.5 45.0 67.5 90.0 112.5 135.0 157.5 180.0 202.5 225.0 247.5 270.0 292.5 315.0 337.5 Total
0.5-1.0 0.6 02 0.1 - 0.0 0.0 0.0 0.0 0.2 0.1 03 04 0.1 0.0 0.1 0.6 2.99
1.0-15 4.0 18 0.4 0.1 0.0 0.0 0.1 0.1 0.4 0.8 0.6 0.7 0.9 0.8 14 2.7 14.82
1.5-2.0 - 4.4 11 03 0.1 0.0 0.0 0.1 0.2 0.8 12 0.7 13 13 2.4 4.8 2717
2.0-2.5 3.6 1L 0.5 0.2 0.0 0.0 0.0 0.1 0.2 0.6 0.7 1.0 1.8 2.2 4.7 17.04
2.5-3.0 2.4 06 0.1 0.0 0.1 - 0.1 0.8 06 16 13 15 22 11.45
3.0-4.0 382 06 0.1 0.0 0.0 0.2 0.7 1.0 Ll 15 22 2l 1299
4.0-5.0 0.6 0.2 02 0.7 L5 1.0 0.8 5.21

5-6 0.2 01 0.4 LA 0.9 0.3 3.08
6-8 0.3 09 0.9 1.4 0.8 0.2 4.49
8+ 0.0 0.1 03 0.2 0.1 0.1 0.77
4.83 543 8.24 10.76 12.73 18.54 I 100.00
0 15 30 a5 60 75 90 105 120 135 150 165 180 195 210 225 Overall
Mean 213 193 1.80 2.36 201 2,62 2.26 2.31 1.45 1.74 2.64 3.21 3.36 3.67 3.04 2.33 2.60
StDev 0.81 0.66 0.47 1.42 1.10 1.84 1.08 1.40 0.59 0.64 154 2.04 1.97 1.88 1.61 113 1.49
Min 075 0.66 0.89 131 0.75 069 0.89 0.95 0.72 0.89 0.72 0.79 0.95 0.92 0.72 0.72 0.66
Max 5.77 4.53 3.25 7.45 3.90 5.45 3.87 5.71 3.28 3.51 8.01 9.06 9.12 9.25 8.17 8.83 9.25
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ADCP 1 (Jun 2017 - Oct 2017): Wave Period (s)

Figure 4-3. ADCP 1 wave period rose

Table 4-3. ADCP 1 wave period histogram

Tp (s)\Dir 0.0 22.5 45.0 67.5 90.0 112.5 135.0 157.5 180.0 202.5 225.0 247.5 270.0 292.5 315.0 337.5 Total

1.5-4 0.2 01 0.1 0.0 0.0 0.1 0.0 0.0 0.1 0.90

4-6 2.8 0.7 0.1 0.5 12 0.4 0.1 0.3 0.6 10.64

6-8 3.2 0.6 0.4 0.1 0.0 0.1 0.2 0.2 0.5 i 1.6 15 2.0 1.8 21.74

8-10 23 0.6 0.2 0.1 0.2 0.0 0.2 0.2 0.3 1.6 2.8 4.0 4.2 5.0 - 39.81

10-12 0.7 L . 0.0 0.0 0.1 05 11 3.2 4.1 20.97
0.0 13 2.2

0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 Overall
Mean 8.5 7.1 6.9 7.2 8.2 8.9 6.3 7.2 6.2 6.0 7.3 8.1 8.4 9.7 9.5 9.6 3.6
StDev 17 19 2.1 1°3) 15 1.0 2.5 18 17 17 15 15 15 1.7 18 1.8 2.0
Min 17 16 18 5.0 5.7 73 19 4.6 38 22 4.1 36 4.3 5.2 17 1.7 16
Max 13.4 121 10.2 8.8 10.2 10.2 10.2 9.4 9.4 10.2 ikl 121 121 13.4 13.4 13.4 13.4
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Figure 4-4. ADCP 2 time series peak wave parameters
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ADCP 2 (Jul 2017 - Oct 2017): Wave Height (ft)
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Figure 4-5. ADCP 2 wave height rose

Table 4-4. ADCP 2 wave height histogram

Hs (ft)\Dir 0.0 . 45.0 67.5 30.0 112.5 135.0 157.5 180.0 202.5 225.0 247.5 270.0 292.5 315.0 337.5 Total
0.0-0.5 0.0 0.1 0.0 0.2 03 0.3 0.1 0.0 2.74
0.5-1.0 0.1 0.1 0.5 19 23 15 17 29 B 0.6 15.06
1.0-1.5 0.0 0.2 il il il 33 0.3 22.76
1.5-2.0 03 11 21 35 03 20.89
2.0-2.5 § 11 2.0 14 3.2 14 9.32
2.5-3.0 0.8 18 Ll 17 0.7 6.24
3.0-4.0 0.9 2.0 24 2.0 0.2 751
4.0-5.0 09 0.7 19 2.4 0.1 6.31

5-6 0.7 0.9 15 0.6 0.1 391
6-8 1,33 LB 7/ 5.11

0.1

0 15 30 a5 60 75 20 105 120 135 150 165 180 195 210 225 Overall
Mean 110 127 0.52 1.36 119 1.08 0.62 0.63 0.88 199 2.76 2.82 2.89 2.05 151 1.07 2.26
StDev 0.84 057 0.00 0.32 0.73 0.00 0.24 0.16 0.59 2.02 214 181 1.85 119 0.61 0.38 1.63
Min 049  0.62 0.52 0.98 0.75 1.08 0.46 0.46 0.36 033 033 033 0.30 033 0.43 0.49 0.30
Max 2.33 171 0.52 1.57 2.03 1.08 1.05 0.75 266 8.66 8.76 7.94 7.87 7.15 5.64 1.94 8.76
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ADCP 2 (Jul 2017 - Oct 2017): Wave Period (s)
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Figure 4-6. ADCP 2 wave period rose

Table 4-5. ADCP 2 wave period histogram

Tp (s)\Dir . 3 a 67.5 90.0 112.5 135.0 157.5 180.0 202.5 225.0 247.5 270.0 292.5 315.0 337.5 Total

0.0 0.2 0.3 03 0.2 - 0.0 0.0 0.94

4-6 0.0 0.8 13 0.5 03 0.5 0.3 3.79
6-8 0.1 0.6 3.4 4.9 33 29 0.9 0.0 16.30
8-10 0.5 25 4.3 B 0.5 34.71
10-12 0.1 0.8 all 05 27.27
12-14 0.2 0.3 0.5 3.2 4.2 4.2 03 12.89
14-16 0.2 0.5 3.19

0.0

14.69

18.71

0 15 30 a5 60 75 0 105 120 135 150 165 180 195 210 225 Overall
Mean 11.4 14.7 7.3 14.6 9.1 10.2 7.8 9.6 8.0 8.4 8.2 8.5 9.7 10.2 10.7 10.5 9.6
StDev 2.4 4.3 0.6 5.1 S5 0.0 35 1.5 2.8 2.8 23 1.9 2.2 2.0 19 18 2.3
Min 9.4 111 6.9 9.4 41 10.2 1.9 8.2 1.9 2.0 1.8 1.9 5.0 3.8 2.0 77 18
Max 14.9 19.5 7.7 19.5 14.9 10.2 1.1 il 14.9 16.9 14.9 19.5 16.9 16.9 16.9 14.9 19.5
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Figure 4-7. ADV 1 time series mean wave parameters
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ADV 1 (Jun 2017 - Sep 2017): Wave Height (ft)
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Figure 4-8. ADV 1 wave height rose

Table 4-6. ADV 1 wave height histogram

Hs (ft)\Dir 0.0 22.5 45.0 67.5 90.0 112.5 135.0 157.5 180.0 202.5 225.0 247.5 270.0 292.5 315.0 337.5 Total
0.0 0.0
0.1

0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 Overall
Mean 0.41 0.00 0.00 0.46 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.49 0.55 0.51 0.52 0.45 0.43
StDev 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 031 0.22 0.22 0.22 0.23 0.16
Min 0.10 0.00 0.00 0.46 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Max 0.95 0.00 0.00 0.46 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.79 0.98 1.05 1.05 1.08 1.08
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ADV 1 (Jun 2017 - Sep 2017): Wave Period (s)
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Figure 4-9. ADV 1 mean wave period rose

Table 4-7. ADV 1 mean wave period histogram

Tp (s)\Dir 0.0 22.5 45.0 67.5 90.0 112.5 135.0 157.5 180.0 202.5 225.0 247.5 270.0 292.5 315.0 337.5 Total
<4 0.0 0.1 16 3.7 4.4 4.9 44.94
4-6 0.2 4.38
6-8 0.0 0.82

8-10 0.0 4.05
10-12 0.6 5.66
12-14 0.4 10.56
14-16 02 10.82
16-18 0.0 1.84
18-20 0.1 0.64
20+ 6.7 16.29
Total 75.06  0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.14 1.58 3.84 6.06 13.27 I 100.00
0 15 30 45 60 75 20 105 120 135 150 165 180 195 210 225 Overall
Mean 10.1 0.0 0.0 15.4 0.0 0.0 0.0 0.0 00 0.0 21 22 22 29 95 17.4 106
StDev 8.4 0.0 0.0 0.0 00 0.0 0.0 0.0 00 0.0 0.0 0.1 0.2 4.3 122 13.0 9.7
Min 2.1 0.0 0.0 15.4 0.0 0.0 0.0 0.0 0.0 0.0 2.1 21 21 2.1 2.1 2.1 2.1
Max 30.0 0.0 0.0 15.4 0.0 0.0 0.0 0.0 00 0.0 2.1 2.4 257 30.0 30.0 30.0 30.0
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Figure 4-10. ADV 1 peak wave period rose

Table 4-8. ADV 1 peak wave period histogram
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