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Introduction

A 2 s oA

This reportsummarizedataO2 f t SOG SR dzy RSNJ 5/ wa Qa { K2 NBekriJyns 200 6NRIFuarf2G21 B 2 YV A G 2 NJ
is an update to the first Shoreline Profile Monitoring Data Repalilished on June 2018ontent from he 2018Saipan Shoreline

Access and Shoreline Enhancement Assess(B&8Epand the20191 @ RNRP R& VI YA O { { dzR gagopritvill hel A LI y Q& 2
incorporatedA Y i 2 ST OK a A (i S Due tod tk wflcapdicity latyhle fin®wpdr Ayphoon Yutu (Oct 20X8Jects on

beach morphologyvere not recorded. CZM interrontributed to poststorm recorddgn the summer of 2019. With the Coastal

Planner | position filled, shoreline monitoring fully resunoedDecember 2019. Consistenaydamprovements to the program we
expectedwith the flow d data enry captured throughout this reporting period

Shorelinemonitoring is a way to measure changes in the contour of a beach over time. Data about beach width, vegetation cover,
morphology, slope, and other features are collected along a tra@isect & (G NI A 3 K NYzY & & gatdifar td3e $3Brgline
from an identifiedlandward point to the submerged beach toe. By returning to the same place (known as thetakagand
comparing observations at regular intervals, one can visualizeawtijhow much a certain beadsite may be eroding (san@$s) or
accreting (sand gaintach beachite has between two an@ight established transect3his current methodology, called the

G. SNHESNI [ S@sslfs inzedhi pfofi|és ¢hat are currentigualitatively compared to report the general trend from the
beginning of the program to February 2021 ddB&CRM is still working on the analysis method to provide quantifiable results with
higher confidenceThe shoreline profile change findingmly acount for longshore transport pr@essesThe accretion and erosion
captured from field monitoring are primarily driven by episodic high surf evéitisough areas have been identified\agnerable

to sea level rise througbbservatiors, shoreline changdata should not serve as evidenter sea level risat its contemporary

state. The program needs more decades to see sea level rise impacts. Nonethésessportant to acknowledgehiat sea level rise
exacerbates erosion processasis report aims tguide coastal managers and stakeholdarsmakinginformed, effective, and
adaptive decisinsregarding our dynamic shoreline


https://dcrm.gov.mp/wp-content/uploads/SEI-25573-SASEA-Final-Report-3-15-2018.pdf
https://dcrm.gov.mp/wp-content/uploads/SEI-25573-SASEA-Final-Report-3-15-2018.pdf
https://dcrm.gov.mp/wp-content/uploads/crm/25582_Hydrodynamic-Study-of-Saipans-Western-Lagoon-02-25-19.pdf
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Tides andeasonatrade winds influence theeverchanging nature of thehoreline.For better understading ofshoreline dynanus,
we began this data collection timeframevith strongconsideration of these factote hopefully addessthe following questions

1 Should we be more consistent in measuring based on tide seaséhality
1 What tide would be the most efficient for consistentheasuring shoreline change?

T 2KFG FNB GKS GNIRS gAYyR O2yRAGA2YAQ STFSOG 2y I OONBUGAZ2Y |
In addition, he aim of this report is tcompare andeflect our results wittrsupplemental datgublicationsthe Hydrodynamict8dy

and SASEAN order to ultimately address these questioiitie report would aid imdentifyingsensitive shorelinareas in need of
stabilizationmeasures and further address coastal erosion in the CNMI.

The Shoreline Monitoring program is lbg the5 / w&FIanning Section, withe direction of the Coastal Planner | avalued

assistance fronDCRM staff volunteersledicatedsummerinterns, and student internsinterns have greatly contributed numerous
hours to data collection and field work and aretheB A & 2 F G KS

LINRMY dliesyofsior corgnyestsiaiidut3ng O e o
program or this report may be directed ghorelines@dcrm.gov.mp
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Financial assistance provided by the Coastal Zone Managemieott 2&72, as amended, administered by the Office for Coastal
Management, National Oceanic and Atmospheric Administration.

]

3

E
&

K


mailto:shorelines@dcrm.gov.mp

Table of Contents

INEFOTUCTION. ....eiiiiiiii et 1
Table of CONENTS........ccoiiiiiiiiie e 3
MELNOAS......ceeie i 6
MONItOrNG LOCALIONS.......uvviieieiiiiiiiiiiie e e 11
SAIPAN SITES....eiiiieiiiiiiiie e 11
Hydrodynamic Study and SASEA findings............ccccceecinnnnns 18
How to Read the Beach Profile...........ccccooviiiiiiiieiiiiiicce, 25
American Memorial Park Case Study Update....................... 26
Pakpak Beach.............cooviiiiiiiiiiieee e 27
Pakpak L. 28
Pakpak 2........oviiiiiiii 29
PakpaK 3. 30

PIC BEACKH...... it 31
Pl L. 32

Pl 2. 33

Pl B —————————— 34
HOPWOOd BEACK......cociiiiiiiiiiiiie s 35

[ 10 01170 To To It PR 36
HOPWOO 2... . 37
HOPWOO 3. 38

Aquarius Beach.........ccccccceeeieii 39

Page| 3

AQUAIIUS L.t 40
AQUATIUS 2.t 41
SUGAT DOCK.......uiiiiiiieiiie e 42
Sugar Dock South.lL.........cccccvvvvvvevieiiieeiieiiieeiieeeeeeeeeeen . 43
Sugar Dock South.2..........ccccvvvviviiviiieeieeieeeeeeeeeeeeeee 44
Sugambock South 3.........cccccvviviievieeiieeeeeeeeeeeeeeeeeeeeee. 45D
Sugar Dock North.L.........ccooviiiiiiiiiiiiiiieeee e A6
Sugar DOCk NOrh 2. L AT
Sugar Doclorth 3..........ccccvvvviiiieiiiiiieereeeeeee . A8
Susupe Beach ParK.........cccvvivviiiiiiiiiiiiiicieeeee, 49
Susupe Beach PatKl ..................ooooi i, 50
Susupe BeacRarkG 2........cc.vevveeiiiiiiiiiiieee e 51
Susupe Beach PagkB............ccooeviiiiiiiiie e 52
Kilill BEACK. ... 53
KIHGNOMh L.l 54
KIHG NOIN 2. . 55
KIHG NOIh ... 56
Kilili- SOUth L. 57
Kilili- SOUt 2. 58
Kilili- SOUh 3. 59
Oleai BEaCh.........oooviiiiii 60



(O =T T oq R 61
(O] 1= 1o 62
L1070 €= TR 63
B 107/ ] - Teql P 64
L0 )0 €= g PSPPI 65
L0 )0 €= g PRSPPI 66
QUAIEIMASTEL ...t 67
Quartermasterg L.........cooveiiiviiiiiiin e 68
QUANEIMASTEIT 2. ..ot eeeenes 69
Hafa AdaL.......cueiiiiiiic e 70
[ 1= W AN F- Lol R 71
Hafa AdAG 2....eeeeeeiiieeeeeeeeeeee e 72
Hafa AdaG 3......ooiiiiicr e 73
FIESTA. e 74
FieStag L. ..o 75
FIEStaC 2. ..o 76
FIeStaC 3. ..o 77
HYB ..o ene e 78
HYAE L. e 79
HYALt 2 e 80
American Memorial Park............ccccciviiiiiiiiiiic e 81
AMP SOULN L. e 82
AMP SOULh 2. . 83

AMP POINE Lo 84
AMP POINE 2. 85
AMP NOMH Lo 86
AMP NOM 2. 87
AMP NOMN 3. 38
Paupau Beach..........cccoociieereeer e 89
Pau Pau L. 90
Pau Pau 2. 91
Pau Pau ... 92
WiNg BEACK.......c.coiiiii 93
WING L. a e e e 94
WING 2. e a e 95
Managana............oevviiiiii 96
Mafagaha L. 98
Mafagaha 2. 99
Mafagaha A ... 100
Mafagaha 3B.........cccooiiiiiieee e 101
1Y = Vg F=To = L o - N SRS 102
Mafagaha S..........occiiiiiiii 103
Mafagaha BA..........ccuiiiiie 104
MaRAGANA 7........uviiiiiiiiiiiiiiiereeee e 106
SUMMABIY...ciiiiiieieee e e e 107

Recommendations for Management...............occvvvvveennnnne 108



Trends & Shoreline Monitoring TranSects...........cccccceeeennnee 109
GloSSary Of TEIMIS......ccoiiiiiiieiee e 111
REFEIENCES. ... 114

suppLY co.

3 o
T ¢ iF

Britney E, LanceT., Marvin S¢ the 2020 Summer Shoreline
Internsg posing withCoastalPlannerl Mary at Wing Beach.
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CatherineC and Eloisé.¢ the 20202021 NMCinternsc
with the rod at QuartermasteBeach.

ChioniD. - a 20202021 NMC interg calibratingthe rod at
Sugar Dock.

Rich S.CoastalPlannerll, holdsthe rod while Art CCoastal
Plannerlll, sights atAMPNorth in 2020.
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Methods

Beach contours armeasured usingimple survey equipment to conduttte Berger Level method. Measurements along a transect
are taken every 10 feet as well as at significant featstesh as vegetation boundaridsgrms, wrack lines, water lines, etc.
Beginning in 2016, matoring has occurred annually, at a minimum, and opportunistically after storm events or as time allows.
Sampling frequengcis expected to increase with the role of the Coastal Resource Planner ingimaore consistent data collection.

As this effortis growing sampling methodare expected to undergmnprovementsfor better accuracySources of error may stem
from the misalignment or loss of transect starting points aniebr in operating the equipment. These of compass direction has
been introducel in this periodo lessen error by improving the direction of the transect from the hstadke to the water.
Gonsiderationof the tides and trade windss includedn the recording pocess to relate hydrodynamic data with shoreline
monitoring data.

Equpment andSupplies

1. Berger Level

2. Tripod

3. Level Rod

4. Measuring Rope/ Transect Line
5. GPS (Global Positioning System)

6. Camera

7. Data Notebook

45 - 4 -

8. Extra batteries and pen Catherine, NMC intern, calibratdse Berger Levelt PIC 1.

9. Compass app (may be replaced with magnetic)

6| Page
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Methodology

1. Set upsurvey tripod and ensure that it is on a stable surface.

Mount level instrument by placing level on platform and tighten fastening screw underneath the platform.

3. Adjust instrument by rotating the three knobs until the bubble is centered within the ci@ree the bubble is centered,
turn the instrument 45° to ensure that it is leveled.

4. Identify headstake. Use the compass direction for the transect to carefajlyout transect tape (or rope) along the beach
profile.

5. Observe and record weather andn. Time is important for identifying tide.

6. As the rod holder, start at head stake then proceed every 10 feet. Call out every significant feature (Vegetation khes, bea
berm, wrack line, beach toe, erosion scarps, etc.) and record the elevationtgiatecular feature.

7. As the sight reader, record the measurement at the crosshair at each interval and feature.

N

Shoreline Features in a Common Beach Profile

' Common Beach Profiles

5 Shoreline features are recorded since they aid in understanding the stability
Each pointdenotes . .
sheremeasroiiiE the shoreline. Most of the transect runs through the foreshore, or the portion
should be made the shoreline that lies between high and low water mark duringamgde.

1 Headstake; identified object serving as the starting point of the
transect located at the backshore. The backshore usually consists ¢
important infrastructure and relies on the foreshore to handle wave
energy.

1  Vegetationareag shoreline plansin the foreshore stabilizing the
sand.The foreshore is capable of receiving wave run up.

1 Bermgthe nearly horizontal portion of the beach or backshore
formed by the deposit of materials by wave actiam the vertical drop

£

_ Wrackline/ - 4 B of a beach located on the neshore.The nearshore is the beach toe t
Moat/Toe - High-water. . seaward, and is also important for the stabilization of the shoreline.
'ﬂ-"i - Mark 1 Waterlineg aline that markshe surface of the sea on land located
e g TR 2 within the nearshore.
s ::::"::: 1 Moat/toe ¢ point of a beach tht juts out past the aterline located on
the nearshore. It is exposed during low tide.




Producing beach profiles
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Sampling Date

Sampling Time

Weather

Team Mames/Roles

1. Data should be recorded in the data notebook. "
2. Profile readings should be recorded as follows: 0 at the start « 2/2/20189:00 AM sunny; Breezy ECN, Record: FS
the transect, Level Reading, and Notes. Tide: 1.82 ft
Distance from . Adjusted Average |Profile
3. When you take a measurement at a beach feature, record the,, .. (i) |Averaee Reading (ft) | ding (1t) R
beach feature. Resume taking data back on the 10 foot
Incrementsl 1] 2.854166667 [i]
. . . . 10 3.791666667 -0.9375
4. At the beginning of each sampling period, a new data sheet 15 2625 1770823333 Upper wrackline
should be created in exceloTreate a datasheet, enter the Lower Wrackline/
. . 30 5.8125 -2.958333333
5. Distance from Headstake (ft): The headstake reading should iR T oy
zero, and measurements should be made every 10 feet and ¢ a8 7.4375 -4.583333333|Top of Moat/Toe
every beach feature. After a measurement is taken at a beacl ERLIR
feature, dda should return to the 10 feet increments = LI 4854156667 Moat/Toe
' ) i o - The data record table in Excel as describefiep 4.
6. Average Reading (ft): The total inches divided by 12 inches.
a. To get the total inches, you add the inches and the feet. In order to do this, you need to multiple the feet X 12 inches,
then add the inches. Ext{12)+in.
7. Adjusted Average Reading (ft): This is the average reading at each distance point minus the average reading at headstake,
which is zero.
8. Profile Features/ Notes: This is a text column that describes the features that were noted at a poiréschptidn

highlights areas where the slope might be irregular.
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9. Measure the change in elevation over the distance from the headstake by making a

creating a separate table on the top andj@ph: Feb 18
a /NBFGS 1 GFotS sAlGK (K®Plack freechlimnsfa| . o0 S o
a5Aa l:l I )f C)S FTNR2Y | é | FVQ a l:l | 1_ S oF l:l 0€Z a Headstake (ft) |Relief (ft) |Profile Features W Sf
CSFGdzNBadeg /2L YR LI aidsS O2NNBalLl 0 0 by F N
e i 10 -0.9375
b. To calculate the beach sl?pe, sele?t E:oJumn A: IE)|§tance froAm Hveadstake S
[ 2fdzyYy .Y ! R2dzauiSR [ SOSf wSIRAyYy3Z I N2 f
mouse over both columns. Lz et
c. hyO0S (KS O2fdzrya INB 48t S0GSR: O 26| 245833333 High WaterLine | & 5
{GNIAIKG [AYS YR al N] SNa ®¢ s0| -2.95833333
40 -4
10./ KI y 3 S (KS (A(GtS 2B¢AKBRREKEH KBValied 66 SS 48| -4.58333333|Top of Moat/Toe
Adjusted Vertical ReligAnd add the title for theX Values Distance from Headstake. Bottom of
50| -4.85416667|Moat/Toe

11.Customize the data line produced to label any input for Column C: Profile FeatureTable fordeveloping the graph, as

each Xthe Distance from Headstake: described irgep 9.
. . . . A B € D E F & H |
a) Click on the data line to highlight. Feb-18
b) wA3IKuUu Of AO1 YR aAdd®m@du
. A & X A Distance from |Adjusted Vertical
[ | 0 S f a q) € . . Headstake (ft) Re:ief[f't) Profile Features Adjusted Vertical Relief (ft]
c) Click on label produced to highlight. D b -
i = = = x A & A ~ = =l 0 10 20 30 40 50 60 70 0
d wAIaIKI Of AO]l YR astsod 200 1708333333 . ®
30! -2.708333333
40 ~3.275, . B
47 -4.625|Upper Wrackline
50 -4.75|Flatten Out ®
4 38,
Top of Little Berm - = *% ®
The highlightedéDistance fromHeadstake(ft)é and I s *
oAdjustedVertical Relief (ft )¢ columns are o e B ;
. « . . -4 0op 01 03 o
individually highlights tdor generate thescatter & -7.75|Bottom of Moat/Toe 5 e

plot found in the leftas described iStep 9.



) LY GKS avrtt as5FaGF [0St wly3aSé GAYR263
g) Right click on a point with a label on the data line.

hy/ t A0l 2y (GUKS GC2NXYIFG 5FGF t2Aydié Ay (GKS
i) Gotothe paintbucket3OU A2y GKSy Of AO1 dal NJ SN

D /EA01 2y aal NJSNIhLGA2yaé F2NHykE RNRLI R25
k) Selectthesymba  a SR 2y (GKSANIJ LISNERLISOGABS at NBFACL S

the right.

) Selectthe same color as the data linlk NBR dzZ3 K G KS AGCAffé¢ 2LIA2y

mb52 GKA&A F2NJ Fff 2F GKS 20KSNJ ARSYGATFASR

The final product is a beach profil&ee page25 on dHow to Read theBeachProfile.€
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Monitoring Locations

5/ waQa {K2NBfAyS az2yA landfibéathes dBBpaMMlaidgaliayiteh, hdiRata San holds the most
sites, in which all of therarelocated within thewest side of the island adjacent to the lago&aipan monitoring locations are
gentle tomoderate slopig shorelines with transects extending from a designated head stake to the Mraterd coastal plain and
low-lying developd area rely on this stretch for recreation, coastal protection, and proviggseene, 2014).

Refer to our interactive Shoreline Monitoring Program Story Map for better resolution on Bl€RM Shoreline Monitoring Program page

Saipan Sites
Pakpak
Pakpak 1 Pakpak 2 Pakpak 3
Lat. Degrees N: 15.12319699 Lat. Degrees N: 15.12503497 Lat. Degrees N: 15.1237398
Long. Degrees E: 145.693875 Long. Degrees E: 145.693875 Long. Degrees E: 145.693463
Elevation-4.565928 Elevation: 8.406403 Elevation: 18.42535
Compass directior270°W Compass directior267 °W Compass directior266 "W
PIC
PIC1 PIC2 PIC3
Lat. Degees N: 15.126967 Lat. Degrees N: 15.12800401 Lat. Degrees N:
Long. Degrees E: 145.693409 Long. Degrees E: 145.692981 Long. Degrees E:
Elevation: 12.106647 Elevation: 16.459589 Elevation:

Compass directior265°W Compass directior261 °W Compass directior266 °W


https://dcrm.gov.mp/our-programs/coastal-resources-planning/shoreline-monitoring/
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Hopwoodl Hopwood?2 Hopwood3

Lat. Degrees N:
Long. Degrees E:

Lat. Degrees N: 15.14086797
Long Degrees E: 145.697728

Lat. Degrees N:
Long. Degrees E:

Elevation:
Compass directior285°W

Elevation: 18.118422
Compass directior283°W

Elevation:
Compass directior293°NW

Aquariusl

Lat. Degrees N5.1486697
Long. Degrees E45.700498
Elevation24.946808
Compass directior270°W

Aquarius2

Lat. Degrees N: 15.14866297

Long Derges E: 145.700498
Elevation: 24.946808
Compass directior272°W

Sugar Dock South

Lat. Degrees Nt5.149128
Long. Degrees E45.700453
Elevation223.85194
Compass directior270°W

Sugar Dock North

Lat. Degrees N5.15234103
Long. Degrees BE45.70073
Elevation:18.875252
Compass directior290°W

Sugar Dock
Sugar Dock South

Lat. Degrees NL5.15025
Long Cegrees E145.70032
Elevation: 18.118422
Compass directior248°W

Sugar Dock North 2

Lat. Degrees N5.152308
Long. Degrees E45.70053
Elevation:

Compass directior288°W

Sugar Dock South

Lat. Degrees NI5.15126
Long. Degrees E45.69997
Elevation:

Compass directior263°W

Sugar Dock North 3

Lat. Degrees N5.15428396
Long. Degrees E45.700208
Elevation26.504326
Compass directior256 "W
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Susupe Beach Park (SBP)

SBPRL

Lat.Degrees N: 15.15500
Long. Degrees E: 145.70013
Elevation:

Compass directioriNot recorded

SBR2

Lat. Degrees NL5.15576

Long Degrees B:45.70012
Elevation:

Compass directioriNot recorded

SBR3

Lat. Degrees NL5.15623

Long. Degrees E45.70023
Elevation:

Compass directioriNot recorded

Kilili South 1

Lat. Degrees N: 15.160259
Long. Degrees E: 145.70443
Elevation: 18.768661
Compass directiorB18°NW

Kilili North 1

Lat. Degrees N5.16320
Long. Degrees E45.70715
Elevation:

Compass directior820°NW

Kilili ®uth 2

Lat. Degrees N: 15.16150
Long Degrees E: 145.70572
Elevation:

Compass directiorB05°NW

Kilili North 2

Lat. Degrees Nt5.16437
Long. Degrees E45.70813
Elevation:

Compass directior290°W

Kilili South 3

Lat. Degrees N: 15.16233302
Long. Degrees E: 145.706439
Elevation: 17.998749
Compass directiorf:

Kilili North 3

Lat. Degrees Nt5.165336
Long. Degrees E45.708456
Elevaton: 17.789307
Compass directiorB00°NW

Oleail

Lat.DegreedN: 15.16767204
Long. Degrees BE45.709344
Elevation:

Compass directior290°W

Oleai2

Lat. Degrees N5.16895397
Long Degrees B:45.709794
Elevation:19.017784
Compass dire@n: 290°W
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Toyotal

Lat. Degrees Nt5.1517080
Long. Degrees E45.709344
Elevation:

Compass directior280°W

Toyota2

Lat. Degrees NL5.17438
Long Degrees B:45.71153
Elevation:

Compass directior288°W

Quartermaster

Toyota 3

Lat. Degrees N5.17728
Long. Degrees E: 145.71271
Elevation:

Compass directior290°W

Quartermasterl

Lat.DegreedN:15.18128
Long. Degrees E45.71358
Elevation:

Compass directior279°W

Hafa Adalil

Lat. Degrees NL5.20835897
Long. Degrees BE45.715874
Elevation:30.446064
Compass directior254 °W

Quartermaster2

Lat. Degrees NL5.18478
Long Degres E:145.71436
Elevation:

Compass directior277 °W

Hafa Adai
Hafa AdaP

Lat. Degrees Nt5.20835897
Long Degrees B:45.715907
Hevation:31.068859
Compass directior270°W

Hafa AdaBB

Lat. Degrees Nt5.21010702
Long. Degrees E45.715881
Elevation29.735472
Compass directior253°W



Fiesta
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Fiestal

Lat.DegreedN:15.21306298
Long. Degrees E45.715491
Elewation: 24.311337
Compass directior260 °W

Fiesta2

Lat. Degrees N5.21430903
Long Degrees B:45.715426
Elevation:16.943949
Compass direction:

Fiesta 3

Lat. Degrees N.5.21430903
Long Degrees B:45.715426
Elevation:16.943949
Compass directian

Hyatt

Hyatt 1

Lat. Degrees N: 15.21540899
Long. Degrees E: 145.715591
Elevation: 19.263865
Compass directior261°W

AMP South

Lat. Degrees NL5.20835897
Long. Degrees E45.715874
Elevation:30.446064
Compass directiorB10°NW

AMP Point 1

Lat. Degrees NL5.219337
Long. Degrees E: 145.717165
Evaluation: 12.955928
Compass directior291 °W

Hyatt 2

Lat. Degrees N: 15.21540899
Long Degrees E: 145.715591
Elevation: 19.263865
Compass directior283°W

AMP
AMP Soutt?

Lat. Degrees Nt5.20835897
Long Degrees B:45.715907
Elevation:31.068859
Compass directior290°W

AMP Point 2

Lat. Degrees N: 15.21943197
Long. Degrees E: 145.717342
Evaluation: 14.245499
Compass directior20 °N



AMP North 1

Lat. Degrees N: 15.2195904
Long. Derees E: 145.718177
Evaluation: 16.983105
Compass direction:

AMP North 2

Lat. Degrees N: 15.48997
Long. Degrees E: 145.718573
Evaluation: 14.901231
Compass direction:
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AMP North 3

Lat. Degrees N: 15.21952802
Long. Degrees E: 145.719305
Evaluation: 20.70237
Compass direction:

Pau Pad

Lat. Degrees N: 15.27147101
Long. Degrees E: 145.79136
Evaluation: 28.212759
Compass directior818°NW

Pau Pa2

Lat. Degrees N: 15.25580901
Long. Degrees E: 145.780579
Evaluation: 13.931701
Compass directim 315°NW

Pau Pa3

Lat. Degrees N: 15.25672599
Long. Degrees E: 145.781258
Evaluation: 17.113745
Compass directior820°NW

T

Wing1

Lat. Degrees N: 15.18478
Long. Degrees E: 145.71436
Elevation:

Compass direction:

Wing2

Lat. Degrees N: 157157604
Long. Degrees E: 145.791588
Elevation: 17.331421
Compass directior820°NW
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Managahal

Lat. Degrees N:
Long. Degrees E:
Evaluation

Compass direction:

Mafagaha3B
Lat. Degrees N:
Long. Degrees E:
Evaluation:

Compass direction:

Mafagahar

Lat. Degrees N:
Long. Degrees E:
Evaluation:

Compass direction:

Managaha2

Lat. Degrees N:
Long. Degrees E:
Evaluation:
Compass diretion:

Mafagahab

Lat. Degrees N:
Long. Degrees E:
Evaluation:
Compass direction:

Mafagaha3

Lat. Degrees N:
Long. Degrees E:
Evaluation:
Compass direction:

Mafagahab

Lat. Degrees N:
Long. Degrees E:
Evaluation:
Compass direction:
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Hydrodynamic Study and SASEA findings

Hydrodynamic Studg ¥ { I A LJ- Yy Q& @B FHnieSsNdfowdvds Ar@l 2uyfents within the lagoon to develop and calibrate
combined wave and hydrodynamicoaiels of current and circulatioWaves are the dominating force for shore erosidAnd
influencesthe strength and direction of the waves, making it anothawvelr of shoreline morphologyrhus, considering
hydrodynamics isacrementalto understandingshort-term site-specific shoreline change and identifying which areas are most
vulnerable tolongterm erosian and accretionAlthough thisstudy was intended fooil clean upsit is our bestecent study of
current directionswithin the Saipan Lagooikrror in the modling wave transformation existiue tooutdated LiDARJata

suggesting that no change in the lagoon bathymetry has occurred in the past sevensgerOyee limitation is that the modeling
does not directly address the nesnore hydrodynamics that occafong the shoreline.

Takeaway#1 of HydrodynamicRudy: Typical winter andyphoonseasorwave conditions exhibit the highest
wave energies tht drivesediment transport processes.

The Marianas predominantly hasasterly trade windshat growstronger and steadier from January to April and get lighter and
variable with intermittent trades from July to Octobdryphoons generallyazur during the summer typhoon months aifly to
Octoberbut the development and passage of tropical storms and typhoons arernpesnrd. Typhoons approach the islands from
east to west and have the ability to curve from the south to the nofflgphoongenerated waves have be@bserved to greatly
abrade particulashorelines because wave energies intengtiyoughout the lagoon and wave overtopping occurs.

The study has produced setedfive flow cases that represent thmost typical conditions witim the Saipan lagoof.ypical winter
(northeast) and typhoon summer westerly tradewind conditions bring high wave energies into nearshore waters with influence by
tidal conditions. The dection and strength of the typhoons dictate the longshore transport within the lagoon and the magnitude of
impacts on a specific beach. Summer/Typhoon season tradewinds are generally weaker.

Table 2summarizeshe current flonsin the Tanapag, Gapan, ad Chalan Kanoa lagoodsring the tides undeseasonal wave
conditions from the2019 study
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Table 2. Wave Current Flow Direction during Falling and Rising Tide during Seasonal Wave Conditions

Wave Condition = Middle of Falling Tide Middle of Rising die
Typical Winter Tanapag Lagoon experiences the same pattern flow wi Tanapag Lagoon expenices the same pattern flow but with weaker
Tradewind stronger currents flowing from deeper sections out of tt currents from deeper section out of the Lagoon through the main

Lagoon through the main channel. Current flows from OK Il yy St & DI N} LI yQa o6 @S Ff 264
Puntan Susupe to Garapan at ~0.15 m/s. A portion of | through the Light House Channel and south down Garapan Lagoon
ebbing flowout of Light House Channel with max speec velocities of tle flow from Garapan weaken toward Puntan Susupe.
of ~0.36 m/s and portions pouring out of the main current floods into Sugar Dock Channel with ~0.15 m/s speeds. The
channel. The flows south of Puntan Susupe travel alon incoming flow splits and continues south towards Puntan Agingan.
the coast and converges out of Sugar Dock Channel w

maximum speed of 0.21 m/s.

Summer/Typhoon SAME AS TYPICAL WINTER TRADEWIND WAVE SAME AS TYPICAL WINTER TRADEWIND WAVE CONDITIONS E
Season CONDITIONS BUT WEAKER WEAKER
Tradewind

Summer/Typhoon Tanapag Lagoon experiences the same pattern flow th Tanapag Lagoon experiences the same pattern flow that have sligh

Season Westerly have average velocities and slighter weaker currents in weaker currents in deeper sections of the lagoon and out of the mai
and out of the main channeit ~0.25 m/s. Currentflows OK 'l yy St | 4 d9n ®H n tfdwsdrebn PDritaNBusillps/t®
from Puntan Susupe to Garapan at speeds up to 0.25 1 Garapan at speeds up to 0.25 m/s. The strong flow at up to 0.7 m/s
The stronger currents flow from deeper sections of up 1 of the Light House Channel and out of main channel. The flows sou
0.7 m/d out of the Light House Channel with portions o Puntan Susupe are weak due to the southward tidal currents interac
of main channel. The flows south of Puntan Susupe tra against wavelriven flow to the north. There is a mix of flow into and
north and converges out of Sugar Dock Channel with a out of Sugar Dock Channel.
maximum speed of 0.64 m/s.

1-Yr Typhoon The annual typhoon wave events have sufficient energy to drive currents into the lagoon and flow up north, even duritideisir
Wave from the Tidal flows are overwhelmed by the energy of annual typhoon winds. Southwest waves enter directly into the lagoon ané ge
Southwest breaking waves at the north and south of the channel in the vicinity of Managaha Island and offshore of AMP and Gardiag.

waves can generate flow directed into the lagoon while large waves enter the channel and reach the northeast cornegobthe
generating flow inside the lagoon. The generated flow goes to the east past Pau Pau Beach and out over the reef netdtohe
within Garapan Lagoon during westerly waves is uniformly to the north from Puntan Susupe with speeds up to 0.5 m/s theh
out of Light House Channel with speeds of up to 1.1 m/s. Then a portion of this goes past Light House Channehamaadnut t
channel. The section of the Garapan Lagoon south of Puntan Susupe drains toward the Sugar Dock Channel where flow ex
lagoon with a max velocity of 2.0 m/s.
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Sgnificant wave heights direction and magnitude dursogthwest
typhoon conditions from thEASEA

Significat wave heights direction and magnitude during nentbrth

west typhoon conditions from tHeASEA

The path and intensity ofhte typhoon bringelatively highsignificantwave heights to the west coast 8iipan.These two yphoon scengos(
the southwest and nortinorth west¢ areimplementedinto site-specific descriptions since they have treatestimpact on sandy shorelines.
Generally, northnorth west typhoon conditions greatly impact north beach sites while the southwest impact southern beach site
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Takeaway#2 of HydrodynamicSudy: Areas close tol@mnnelsare moredynamicthan those better sheltere@Y
reefwithin thelagoon

The coral reefs of the&sipanLagoon provide coastal bufferinbat attenuate wave energies that enter tihagoon Not all of the coasthave this
natural barrierprotection. Chanrels openingdetweenthe deep ocean and thehallowlLagoon,bring highwave energy flows into theagoon,
which in turnsurges sediment transport processdgSarapan has thélain (shipping Channeland thelLight House @anne| whichhavestrong
pullsinto and out of theLagoon The uniquemorphology of thereefs in this area also influencksigshore transport processes.

1

TanapaglLagoonis
DYNAMIQlue to
strong flows through
the Main Ghannel and
Light HouseChannel

Depth-Averaged Flow (m/s)

Light House
Channel

Average flowwithin TanapaglLagoongenerated by the moh-northwesttyphoon conditions

(the highest modelled wave energgnditionfor thisarea). Map extracted from theSASEA



Page]| 22

Down south, the &ioreline is generally shelterday reef
and the onlychannel isaroundSugarDock. The area
close toSugar Dock are dynamic but the rest remain
stable.
Light House
Channel .

2

E

3

o

T

o

()

&

2 GarapanlLagoonis

£ relatively stable and

()

: - the strong flow
SugarDock . : emerges from3ugar
Channel
Dock.

Average flowwithin GarapanlLagoongenerated bysouthwvesttyphoon conditions

(the highest modelled wave energgnditionfor this ared. Map extracted from theSASEA
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Saipan Shoreline Access and Shoreline Enhancement AssessBk8E}Pevaluated the conditions of selected eighteen beaches onglaad

of Saipan. Twelve of these are DCRNbreline monitoring sitesThe studyutilized the beach profiling, field investigations, and historical
shorelinechange analysis to determine individeabsion hazard priority ratings (EHPR). t w A & | Y S [teinindBe asia8 R o i 2
vulnerability of each beach to erosion and assist in the identification and prioritization of shoreling énBay Sy & ST ¥ 2 NEatk o0 { !
DCRM shoreline monitoring sitgll 3S g A f A FHPRdenRfied fibritite SASEA.S Q &

RS
{91

1999 to 2005 2005 to 2011 2011to 2016 HISTORICAL TREND

1999 to 2016

Laly 4 (San Isidro Beach Park) Variable

Table 3:Results of historical shoreline change
analysis extracted from the SASEA

Sugar Dock Beach Variable

Susupe Beach Park Variable

Kilili Beach (Civic Center) Variable

Oleai Beach

Quartermaster Area (Red Beach)

Beach Road Pathway

Fishing Base

Makaka Beach Variable

Fiesta Beach Variable

Variable

American Memorial Park

Variable

Tanapag Beach and Boat Ramp

Aqua Resort Beach

Pau Pau Beach
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@ " ¥ & e & & & o &
& & ¢ Py & 3 & &
& & & & 2 & o‘fb o & ]
¥ W L " & Q & 3 £ EHPR
Tank Beach -2 +2 +2 N/A +2 -1 +2 +2 +2 +3 LOW
Pau Pau Beach +2 +1 +1 +2 +1 -2 +1 -1 +1 16 Low
Laly 4 {San Isidro Beach Park) +1 +2 -1 +2 +2 -1 +1 +1 -1 +6 Low
American Memorial Park -1 +1 -1 +1 +1 -1 +2 +2 +1 +5 LOW
Susupe Beach Park +1 #1 +1 +1 -1 -1 +1 +1 -1 +3 Low
Makaka Beach +1 +2 -1 +2 +2 -1 -2 0 -1 +2 LOW
Jefirey's Beach [Talofofo) -2 -2 -1 N/& -1 +1 +2 +2 +2 +1 MEDIUM
Oleai Beach +2 +1 +1 +1 -1 -2 0 -1 -1 0 MEDILM
Micro Beach -1 +2 -2 4] -2 -2 +2 +2 +1 1] MEDILM
Aqua Resort Beach +2 +1 +1 +1 +1 0 -2 -2 -2 1] MEDIUM
Kilili Beach [Civic Center) +2 -1 +1 +1 -1 -2 +1 -1 -1 -1 MEDIUM
Tanapag Beach and Boat Ramp +1 -2 -2 +2 -2 a +1 -1 +1 -2 MEDILIM
Quartermaster Area (Red Beach) +2 -2 +1 +1 -1 -2 -2 -1 -2 -6
Beach Road Pathway +2 -2 +1 +1 -1 2 -2 -1 -2 -6
Fiesta Beach -1 +2 -2 +2 -1 -2 2 1 1 -6
Hyatt Beach -1 +2 -2 +1 -1 -2 -2 -1 -1 -7
Sugar Dock Beach -1 0 1] +1 -1 -2 -2 -1 -1 -7
Fishing Base ] -2 -2 -1 -2 -2 +1 -1 -1 -10

Criteria Definitions

Average Reef Width

Average Beach Width
Average Backshore Elevation
Historical Shoreline Change
Evidence of Erosion
Popularity and Use Intensity
Development Intensity
Infrastructure Vulnerability
Risk to shoreline Access

Average width of fringing reef fronting the shoreline. Range: 42 if = 1000 meters | -2 if < 100 meters.

Average beach width along the shoreline. Range: 42 2 if 25 meters wide | -2 if no beach present.

Average elevation in the backshore area. Range: +2 if z 5 meters | -2 if £ 5 meters

Average annual shoreline change rate from 1999 to 2016. Range: +2 if = 1 meter/year | -2 if = 1 meter/year

Physical evidence of erosion observed along the shoreline. Range: +2 if evidence of active erosion | -2 if no evidence of erosion.

Owverall popularity and volume of users. Range: 42 if low frequency/use | -2 if high frequency/use.

Density of development and intensity of land uses within 100 meters of the shoreline. Range: 42 if no development | -2 if densely developed.
Presence of public infrastructure within 100 meters of the shoreline. Range: +2 if no infrastructure | -2 if high-density infrastructure.

Potential for erosion to negatively impact shoreline public access. Range: +2 if no loss of shoreline access | -2 if complete loss of shoreline access.

Table 3 Erosion Hazard Priority Ratings (EHPR)

Table 4: Erosion Hazard Priority Ratings (EdRRjcted from the SASEA



How to Read the Beach Profile

Wing Beach 2 Profile

Distance from Headstake (ft)

0 20 40 60 80 100

Headstake ' Dec-10

Jul-17

Feb-18
Jun-18

—Jun-19

Jan-20
Jul-20

- Vegetation are:

Vertical Relief (ft)

O Wrackline
High Waterline
. Waterline

A Top of toe

Symbology is used to indicate points where pattacieach features have been detected along the
transect. These beach features have been selected as importance and common indicators of shore
profile change. The color matches the date/time of the transect taken. The symbol matches the bea
feature.Vegetation area has two lines. The left indicates Start of Vegetation while the right indicates
End of Vegetation. Wrackline, high waterline, waterline, and top of toe are generally detected as ong
point. Note that not all beach features may be detatia a shoreline transect.

ine
ch
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D
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The next section will cover
beach profiles for each transect
lines.

The beach profile, shown on the
left, captures the contour oftte
shoreline from the headstake
(starting point inland) to the
bottom of the moat/toe.

Distance from the headstake is
shown vertically in relation to
the elevation difference from
the headstake.

Each different colored line is a
data entry at a differentitme.
For instance, a transect survey
taken on De€l6 is shown in
thick blue.

Time is an important factor for
shoreline monitoring because
shoreline catours taken at
different times will be compared
to understand shoreline change.
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American Memorial Pak Case Study Update

In the previous shoreline reparimonitoring effots were taken opportunistically especiadlfter stormevents.Transects observed along the
southern AMP shorelingrere exhibiting periods of erosion whiterthern AMP north shorelinansects wereaccreting.Interestingly enough,
the most southern transedbaken on Decembeindicated accretion after the typhooseason andiuring the winter trade wind waveslhe
shoreline nearly doubled in length from the head stake to the high water The phgical environment, howevedrastically changed. The head
stake, a fallen ironwood treeanda coconut treeemainedas a result by Super Typhoon Y.ufhe grass has receded and the berm smoothed
out. Two coconut trees were uprooted and repéad by sand. We speculate that sand from the bér018could have contributed to the new
stretch of sandn 2019or the sand pulled into the water during the typhoons were returned over time back to the shordiimesver, high

wave energy eventsontinue to abradethis shorelineand erosion appears to be chroniche Hydrodynamic Study (2019) suggests high
sediment transport during typhoon wave conditions due strong waves that pass through the main chdenetach profile of this pactilar
transect(found inpage 82 indicates aeducedelevation from the head stake.

P

: : — Picture taken December 2019. The coconut tree at the
Picture taken on August 2018 before Yutu. The waterline is backshore is the only surviving. The row of coconut tree
close to a row of coconut trees and slumping and appears toare uprooted and the sand within the berm have poured
be occurring in places around the coconut tree roots into the shoreline, exposing it to lorghore transport.



Pak Pak Beach

Pakpak 2 (2018)

Pakpak 2 (2020)
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W | Typhoon Waves
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/ I 1-Yr NNW
o ¥ r"’t’r!"
-+ Typhoon Waves

'Pakpak 1
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Trend: Stable

EPHR: N/A
Average length: 60.0 ft

Average elevation: 7.33
ft

Description: Sheltered by the nearby reef
(approximately 500 meters) and ikgan
Point, Pak Pak Beach exhibits a stable
shoreline since 2016. The above picture
taken in 2018 indicates abrupt loss of beact
vegetation from wave run up in picture
above. Southwest typhoon conditions appe:
to be more damaging than northorth west
especially due to the proximity of the storm.



Vertical Relief (ft)
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Day Recorded | Tide Shoreline
Pakpak 1 Length

Dec 12,2016 | 1.39ft 43 ft
Jun 7, 2017 1.03 ft 40 ft
Distance from Headstake (ft) Feb 2, 2018 1.87 ft 26 ft
Jun 14, 2018 | 1.62 ft 46 ft
Jul 2, 2019 0.69 ft 50 ft
May 15, 2020 | 1.15 ft 40 ft

Pak Pak 1 Beach Profile

70

e==Dec-16 Jul 1, 2020 0.83 ft 45 ft
—un-17 Nov 6, 2020 1.04 ft 29 ft
Feb-18 Average 39.9 ft

Jun-18
—Jul-19
—May-20

Jun-20

Nov-20

Il

- - Vegetation area
1

O Wrackline

X High Waterline
@ Waterline

A Top of toe Bl ; A e ~ ool

Pakpak Jappears to be generally stablEhe wrackline ranges from I6to 40 ft. The elevationlifferencefrom the headstake to théarthest
top of toe is about 5 ftTheNov 202Qransect is an outlier, potentially from surveyor errdhe direction of the transect line mayeatly
contribute to a different transect capturedince hat area is on the corner of a curving shoreline.



Vertical Relief (ft)
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Pakpak 2 Day Recorded | Tide Shoreline
Length
Pak Pak 2 Beach Profile Dec 12, 2016 1.72 ft Not
Distance from Headstake (ft) recorded
Jun 7, 2017 0.75 ft 65 ft

0 10 20 30 40 50 60 70 80 90 100 Feb 1, 2018 19 ft 60 f't
: —vec1e | Jun 14,2018 | 1.24ft | 74ft
—wn7 [ Jul2,2019 [ 0.46ft [ 75ft
febie ['May 15,2020 [ 1.27ft | 78ft
" [Jun29,2020 [0.84ft | 60ft
~wwoo | Nov6,2020 [1.21ft |78t
Jun-20 Average 70 ft

Nov-20

W

- Vegetation area
11

O Wrackline
>< High Waterline
@ waterline

-10 A Top of toe

12 - ' t . L

Pakpak Z2ppears generally stable with July 2019 being an outlierviraekline ranges from 50 to # The elevatiordifferencefrom the
headstake to thdarthest top oftoe is about 9 ftTidal influence is uncertain in the shoreline length as Feb 2018 and Nov 2020 are outliers.
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Pakpak 3

Pak Pak 3 Beach Profile Day Recorded | Tide Length
Dec 12,2016 | 1.53 Not
Distance from Headstake (ft) recorded

Jun 7, 2017 0.57 65 ft

-10 . 10 30 50 70 90 110 Feb 1, 2018 1.8 60 ft

R Jun 14, 2018 | 0.97 741

— i Jul 2, 2019 0.37 75 ft

——Feb-18 May 15, 2020 1.31 78 ft

* — Jun-18 Jun 29,2020 | 0.8 60 ft

—Jul-19 Nov 6, 2020 1.31 78 ft

—May-20 Average 70 ft
-3 ——Jun-20
Nov-20

|
- . Vegetation area
Il

Wrackline

Vertical Relief (ft)
&

High Waterline
Waterline

Top of toe

|
X
 J
A

~11

Pakpak 3s generally stable with little variation ovente. The wrackline ranges from ##o 77 ft. The elevatiordifferencefrom the headstake
to the farthest top oftoe is about 8 ft.



PIC Beach
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Trend: Accreting
EPHR: N/A
Average length: 55.3 ft

Average elevation: 9 ft

PIC 2 (2020)

1-Yr NNW
Typhoon Waves

PIC is adjacent tihe Chalan Kanoa reedround
500 meters away fromhie headstakes. This
shoreline exhibits subjection tstorm-induced
erosion. The shoreline received some beach
nourishment given its nearby commercial use. Tt

‘ storms of 2018 havabradedthe shoreline and

fell palm and ironwood treg located on the berm.
South west typhoon conditions appear to be mor
damaging than nortimorth westespecially due to

. the proximity of the storm



Vertical Relief (ft)

PIC 1

PIC 1 Beach Profile

Distance from Headstake (ft)
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Day Recorded | Tide Shoreline
Length

Dec 13,2016 | 1.58 ft Not
recorded

Jun 19, 2017 | 0.6 ft 56 ft

Feb 8, 2018 1.14 ft 66 ft

Jun 14,2018 | 0.8 ft 78 ft

Jul 9, 2019 1.1% 70 ft

Apr 29,2020 | 1.63ft 50 ft

Jun 29, 2020 | 0.63 ft 76 ft

Dec 22,2020 | 0.82ft 76 ft

Average 67.4 ft

! 1 Vegetation

The PIC berm appears to be relatively stablEhe Jur20 record is an outlier from surveyor err@ec20 suggests that there were asions in
after 40 ft. The wrackline ranges from 37 ft to 56 ft. The elevation difference from the headstake to the farthest toe is arounds®bftachi

profile lacks stabilizing vegetation due to heavy foot traffic.



PIC2

PIC £ Beach Profile

Distance from Headstake (ft)

40 50 60 70 80

e===Dec-16
——Jun-17
——Feb-18
—Jun-18
—Apr-20

Jun-20

Vertical Relief (ft)

I | area

O Wrackline

v High
" Waterline

A Waterline

o Top of toe
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Day Recorded | Tide Shoreline
Length

Dec 13,2016 |1.5ft Not
recorded

Jun 19, 2017 | 0.57 ft 56 ft

Feb 8, 2018 1.24 ft 66 ft

Jun 14,2018 | 0.71ft 78 ft

Jul 9, 2019 1.25ft 70 ft

Apr 29,2020 | 1.32ft 50 ft

Jun 29,2020 | 0.71ft 76 ft

Dec 22,2020 | 0.86 ft 50 ft

Average 49.3 ft

: + Vegetation

The berm has notably eroded around June 2017 when the shoreline has abraded. This berm exhibited stability whemnerptksadauntil
Typhoon YutuZ018 deepened the drop. The head stake acts like a good boundary of the PIC property. The loseatitsiake may indicate
that the property is at a higher risk of shoreline erosion especially from storm surge. See picfuage &1 The wrackline ranges from 35 to 48

ft. The elevation difference of thegladstake to theae is around $t.
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PIC 3 Beach Profile
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Day Recorded | Tide Shoreline
Length

Dec 13,2016 |1.41ft Not
recorded

Jun 19, 2017 | 0.65 ft 75 ft

Feb 8, 2018 1.39 ft 60 ft

Jun 14, 2018 | 0.22 ft 77 ft

Jul 9, 2020 1.41 ft 46 ft

Apr 29, 2020 | 1.56 ft 62 ft

Jun 29,2020 |0.74t 69 ft

Dec 22, 2020 | Not 70 ft

recorded
Average 49.3ft

PIC 3 appears fairly stablehis section of shoreline may have received some beach nourishment in th& pastrackline ranges from 46to
50 ft. The elevatiordifferencefrom the healstake to the farthest top of toe is around 9 ft.
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Hopwood Beach Trend: Stable

EPHR: N/A

Averagedngth: 46.3 ft
Hopwood 1 (2020)

Average elevation: 6 ft

Hopwood 1 (2018)

Adjacent to the Chalan Kanoa reef at a distan
of approximately 500 meters, the Hopwood
shoreline is subjected to 16¢ear flood and
additional velocity hazard (wave action). An
account from a resida suggests that this
shoreline has experienced accretion since the
mid-1900s; therefore, the vegetation and sanc
in this area may be several decades old.
Shoreline is susceptible to incidental erosion,
which the beach profile may be restored after
eroson generated from an extreme storm
event. The vegetation line may act like a buffe
for the adjacent school buildings during the
storm surges. The backshore vegetation is
dynamic in nature, making this area difficult fo
locating headstakes, increasingethkelihood of
error. Wave overtopping and overwhelmed
tidal flows from the channel down south may
impact this site during both typhoon wave
conditions. It appears that southwest

Ho,,w.,.,“l 1-Yr NNW conditions could greatly impact this site. Unde
southwest conditions, londgre could
potentially be going from south to north while
north-northwest conditions indicate the
opposite.

= 1-Yr SW
Typhoon Waves

1)

Typhoon Waves




Vertical Relief (ft)

Hopwood 1
Hopwood 1 Beach Profile
Distance from Headstake (ft)
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Day Recorded | Tide Shoreline
Length
Dec 13,2016 | 1.06 ft 80 ft
Jun 19, 2017 | 0.99 ft 70 ft
Aug 21, 2017 | 0.84 ft 83 ft
Feb 13,2018 | 1.33 ft 90 ft
Jun 15,2018 | 1.42 ft 83 ft
Apr 22,2020 | 0.66 ft 53 ft
Jun 26, 2020 | 1.67 ft 40 ft
Dec 15,2020 | 0.9 ft 38 ft
67.1 ft

Average

£

Hopwood 1 appearsroding and hashanged dramatically over the yeaihe wrakline ranges from 30 ft to 7/ Through observabn, it is
speculated thastorm surges from powerful storms may influence gtereline vegetation dynamic¥hus, locating the headstake, which is a
tree, increases the likelihood of errdrhe elevation distance from the headstake to the furthest topefis 7 ft.
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Day Recorded | Tide Shoreline
Length

Dec 13,2016 | 1.17 ft Not
recorded

Jun 19, 2017 | 1.06 ft 34 ft

Aug 21, 2017 | 0.7 ft 23 ft

Feb 13,2018 | 1.41ft 40 ft

Jun 15, 2018 | 0.86 ft 40 ft

Apr 22,2020 | 0.55 ft 50 ft

Jun 26,2020 | 1.64 ft 35 ft

Dec 15,2020 | 1.09 ft 30 ft

Average 36 ft

Hopwood 2is undetermined given the misidentification of the headstaBec16 through Augl7 wes the initial headstake until it went
undetected after a storm evenbDec 2020 record is an outlitom surveyor errorThe wrackline ranges from 20tét 37 ft. The high proximity to
the headstake (tree line) poses sea level rise concerns. The elevation difference from the headstaktertbebetop of toe is around 5 ft.



Vertical Relief (ft)

Hopwood 3

Hopwood 3 Beach Profile
Distance from Headstake (ft)
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Day Recorded | Tide Shoreine
Length
Dec 13,2016 | 1.0 ft Not
recorded
Jun 19,2017 | 1.13ft 36 ft
Aug 21,2017 | 0.6 ft 66 ft
Feb 13,2018 | 1.471ft Not
recorded
Jun 15, 2018 | 1.68 ft 50 ft
Apr 22,2020 | 0.39ft 68 ft
Jun 26,2020 | 1.58 ft 50 ft
Dec 15,2020 | 1.25ft 47 ft
36 ft

. Vegetation area

O wrackline
¥ High waterline
. Waterline

M Topoftoe

Averag

Hopwood 3 appears to bdynamic so its status is undetermindts proximity to an outflow may also contribute to the variation of this
shorelne. Thewrackline ranges from 27 ft to 47 fihe elevation difference from the headstatkethe top of the toeis 7 ft.



Aguarius Beach

Aquarius 2 (2017)

Aquarius 2 (2020)

—p 1-Yr SW
Typhoon Waves
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Page| 39

Trend: Accreting
EPHR: N/A
Average length: 77.2 ft

Average elevation: 9 ft

Aquarius is parallel to the Chalan Kanoa
channel, which greatly influencése flow in
and out of the southern lagoon. This shorelin
appears to be accreting, yet vehicular access
of the berm has compacted the sandy
backshoreA few years ago, there was beach
nourishment that occurred.

Future data and observations may improve
understanding of this ogoing trend. Wave
overtopping and overwhelmed tidal flows
from the channel down south may impact this
site during both typhoon wave conditions. It
appears that southwest conditions could
greatly impact this site. Under southwest
conditions, longshore could potentially be
going from south to north while north
northwest conditions indicate the opposite.
Improvements to nearshore dynamics could
explain the source of the accretion.




































































































































































































































