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About the Report

This report is released annually to inform the findings flbfrh St R Rl G O2ft t SO
Shoreline Profile Monitonig Program between June 2018ugust2024. An updatefrom the March
2021- March 203 report, this documenbuilds from the previous findings. Monitoring effe are
improving with regulafield surveying, utilizing the Trimble GPS device, and capturing baseline
elevation data with the higher accuracy total station.

This report aims to guide coastal managers and stakeholders in making informed, effective, an
adaptive decisions regarding our dynamic shoreliffgs reportis available digitally for galic use:
https://dcrm.gov.mp/ourprograms/coastatesourcesplanning/shorelinemonitoring/.

Covemphoto isthe American Memorial Park Point 1 transect, located at Puntan Muchot, Americi
Memorial Park.
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DCRM Shoreli ne Monitor

The beaches in thENMI are important for our island community, offering economic, recreation
and cultural benefits. They are affected by tides and ocean currents driven by the wind. The Ic
sandy shorelines due to stordriven erosion is a concern for those who liwark, and enjoy these
areas.

Each shoreline is unique, whether it's a cliff, bay, lagoon, or pocket beach. Understanding the
processes that impact the width of our sandy beaches is crucial for the Bureau of Environmen
Coastal Quality Division of Coastal Resources Managetrie effectively manage development
along the shoreline. It's important to know which shorelines are eroding or gaining sand and h
sand shifts along the coastline.

Since 2016, BEGQCRM has been monitoring sandy beaches in Saipan, Mafiagaha, Tinian, ar
to track changes over time. Timing is essential, as currents can shift sand both along the coas
and underwater. Our current method involves beach profilimgere we calculate and graph
elevation and distance transect data to create a 2D contour of the shoreline at a specific time.
compare this data to understand shetdrm and longterm changes. These findings are publishec
an annual report and also an interactived / £ A Y I S L Ynadp For the inteSastiveNdap
please refer to page 5 or access thaeline Interactive Map)

; ; S

Figurel - At a beach between Crowne Plaza and Hyatt, Kyla looks througl
Berger level, an instrument mounted on a tripod. Emma holds a rod level,
measuring instrument foheight, along a transect line to capture the erodin
beach profile.
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https://dcrm.maps.arcgis.com/apps/MapSeries/index.html?appid=3b8d1a4b46d64586b39047f5732621cd

Sincethe development of the program in 2016, staff
conducted orthe-ground transect surveys at designat

4 Starting points along the coast, which we call

Figure2 - Chris P. walks the erosion scarp a
wrackline fronting Crowne Plaza after a
winterly swell event using the Trimble Geo7

headstakes We use survegrade equipment to record
elevation and distance data from thmackshore where
waves usually do not reach, to tlheach toe where the
shoreline is generally exposed at high tide and, on
average, submerged. We started with tBerger Level
method, which requires manual readings on a measu
rod through a leveled telescope insment (shown on
the top left). Then, in 2021, we began to implement tt
one-person higher accuracy electronic method, know
the Total Stationmethod (shown in the middle photo).
Beach profilesare generated for both methods to
compare the shoreline contours over time. (See pagt
How to Read the Beach Pro)id his report provides th
Berger Level and the Total Station beach profiles for
each transect by site.

In addition, we capture damages or remnants after a strong storm by walkingréek lineand
scarpusing theTrimble GNSS he Fiesta and Hyatt sites have been assessed for storm damag:
to their high erosion rate and active beach retreat.
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Web Resources
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Shoreline Monitoring Interactive Map

Shoreline Monitoring has anteractivemapavailable for viewing othe DCRM website.
The map illustrates the status of the headstakes on Saipan, Tinian, Maflagaha, and Rota,
along with its beach profiles and picture comparison.

It is expected to be updated more frequently than the annual report. It also includes the
polylines of the wracklines or scarp captured by the GPS.

To access the map:
1. Click on thidink:
https://dcrm.maps.arcgis.com/apps/MapSeries/index.html?appid=3b8d1a4b46d645

86b39047f5732621cOR
On,www.dcrm.gov.m K2 @SN 2 SN awS&a2dzNOS& 3 t dzo
lLJlade /A0 2y ahLISYy 5FGF 1 00Saaodé hy

2.D2 G2 a{K2NBfAyS ¢NByRa
3. Zoom into the area of interest.
4. The bubbles marked in red, green, yellow, or purple are the headstakes surveyed.

x Redindicates that the beach profile is eroding (losing sand).

x  Greenindicates that the beach profile is accreting (gaining sand).

x Yellowindicates that the beach profile is stable (no significant change).

x Purpleindicates that the beach profile is undetermined, likely due to its

moderately dynamic nature.
CNMI Climate Impact Viewer CNMI Bureau of Environmental & Coastal Qualit
Lowdying. NI Sections of the ;* *,._ W ]
erosion. nd o «‘1
ch activities, ial activities, buildings, and roads. = g
e @

Tinian, and Rota.

over time.
rogr period of 2016-2021.

Sealevel rise
wil y bring
stronger

pr 2021).

Click average length, shoreline
retreat, and beach profile.

Eroding, or losing sand each year
Accreting, or gaining sand each year
Stable, or retaining sand throughout the year

or highly

‘ Eroding
’ Accreting
) Stble

' Undetermined

webpagedcrm.gov.mp.
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Shoreline Monitoring Web Page

Shoreline Monitoringvebpage on the DCRM websitetheinformation hub of the
shorelinesurveyng work Allresources developed by tHghoreline Monitoringeam are
published into this page for public use.

Accesghe website:https://dcrm.gov.mp/ourprograms/coastatesources
planning/shorelinemonitoring/

®®® a

ABOUT DCRM | CONTACT US OUR PROGRAMS PROJECTS RESOURCES & PUBLICATIONS

Home » Our Programs » Coastal Resources Planning » Shoreline Monitoring

Shoreline Monitoring IN THIS SECTION

e About the Planning Section

¢ Addressing Coastal Hazards
e Improving Public Access
o Special Area Management Planning

e Contact the Planning Section

.....

.ﬂ"”"/ s g . <

2024 DCRM Summer Interns, Emma Chong (left) and Kyla Cabrera (right) are surveying the

shoreline using the Berger Level method at the headstake between Crowne Plaza and Hyatt
to capture the loss of the beach.

Beaches in the CNMI are important coastal resources connecting visitors and
residents to the ocean. These important ecosystems also have high recreational,
aesthetic, economic, subsistence, and cultural value.

Their width and shape are naturally ever-changing with how sediment moves within
our coast and ocean. However. swells and storms drive high enerav waves into the

Figure4 - The Shoreline Monitoring webpage is available at dcrm.gov.mp under the "Coastal Resource
Planning" link.
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Defi nitil ons

Abrasion/abrading- the process of scraping or wearing away
Accretionaccreting - the gradual addition of land by deposition of waborne sedimen

Backshore- the generally dry part of the beach lying between the nearshore and inland area, whi
only exposed to waves during storm surge and high tide events

Beach nourishment practice of adding sand or sediment into the beach to address erosion

Berm - the nearly horizontal portion of the beach or backshore formed by the deposit of materials
wave action. (In the CNMI, the berm is a vertical drop.)

Berger Levetl used toaccurately measure the height of an inaccessible object. Takes cross sectic
LIAOGdzZNE 2F | 06SIOKQa O2y (2 dzNI

Dredging- maintenance practice of sand removal for deepening water depths for docks, harbors,
channels

Dynamic- constantly changing
Elevation difference the height difference of the headstake to the beach toe

Erosion the wearing away of land and the removal of beach (or dune) sediments by wave actior
currents, drainage, or high winds.

Foreshore the part of the shore that lies between high and low water mark at ordinary tide.
Headstake- the starting point of a transect. Usually marked on a tree in paint.

High waterline- The level reached by the sea at high tide

Hydrodynamics science revolving around the motion fiifiids acting on solid bodies. For this report
it is the motion of waters surrounding the west coast of Saipan acting on corals and other physic

objects in the water during wave conditions.

Incidental erosion takes place mainly by crostiore processes during extreme events (high waves
high water levels) and produce beach lowering or scouring

Risk- chance that something or someone will experience negative impacts from a coastal hazarc
Scarp- a drop formed by erosive forces

Sediment transport hydrogeological process in which waves currents push sediment into or awa
from coastal spaces

Shoreline change change in the shoreline contour by loss or gain of sand volume
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Stable/stability - a state in which the shoreline appears to returnit®original condition over time
even when disturbed

Stabilization measuresknown approaches to address coastal erosion, whether structural or natu
based

Storm surge risingwaterfromthe oceanthatispushediowardsthe shorebythe force ofwinds from a
strong storm. Storm surge can damage the shoreline and property.

Toe (beach toe) the point of a beach that juts out past the waterline. Often this is sand that is
covered by water but may be exposed during low tides.

Total Station method Optical surveying instrument that integrates a leveled electronic movable
telescope to measure the slope distance at where the prism rod is placed.

Trade windsg winds that reliably blow east to west just north and south of the equator

Transectad G NJ A I KG fAYyS 2N yINNRg aSOiGAzy | ONRa:
made or measurements are taken.

Trimble GNSSa Trimblebranded satellite navigation system (GNSS) device that provides global
coverage

Vegetation line- the first line of stable and natural vegetation, separate from grass. Also the bour
between the sand beaches.

Waterline - aline that marks the surface of the sea on land.
Wave overtopping when waves meet a submerged reef or structure andrtakesthe structure

Wrackline- The line of debris that is left by high tide. Usually made up of eelgrass, pebbles, and
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How t o Read the Beac

Beachprofilesared SEOQOSt t Sy i SOARSYyOS 27T (i KrssshdretlyangésiaRic
I NB SELISNASYOSR o6& | LI NIOAOdzZ | NJ a K2M&araheS 2
contour of the shoreline from the headstake (starting point inland) to the bottom oftloat/toe . The
profile is a snapshot of the shorelira thetime of survey5 / wa Q&4 FAYRAyYy 3Ia | NB
development and update of beach profiles along designated sites on Saipan, Tinian, and Rota.

DCRM identifies common shoreline features (see Figure 4) along a beach profile to describe the
Properly identifying these features is a necessary skill for understanding the shoreline condition a
time. If the berm is getting closer to the headstake over time, erosion may be the trend. If the berr
getting father from the headstake over time, accretion may be the trend.

Start of Toe

4oy 3 P TasdV) wy ¢ & i . R S
2PN Ve %E) e’ %\t v’ L AN - i ? = ‘o> - LA™ o ey
'{f"-"v‘o'.' S AT B AR SA F 2 K -

The common features of a beach profile noted during surveying.

Figure5 -

The common features of beach profiles are:
9 Vegetationline ¢ Thestart andend of stableand natural vegetation that may demonstrate
stability of a beach profile
1 Berm- The nearly horizontal portion of the beach or backshore formed by the deposit of
materials by wave action. (In the CNMI, the berm is a vertical drop.)

9 Wrackline- The line of debris left by high tide, usually made up of seagrass, pebbles, seasl

and litter
1 Waterline - The line marking the surface of the sea on land

1 Toe/moat¢ The point of a beach that jut out past the waterline. It is usually exposed during

tide so it is often submerged.
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The feature below is the generated beach profile once data has been processed.

The xaxis, horizontal, is the distance from the headstake in feet.

The yaxis, vertical, is the vertical relief in feet. The vertical relief assumes that the headstake is at
elevation and that the feet is the elevation difference from the headstake.

AMP North 3 Beach Profile
Distance from Headstake (ft)
-10 10 30 50 70 90 110 130
—Dec-19
—May-20
—Jul-20
—0ct-20
—Mar-21
—Jun-21
Nov-21
Jun-22
Apr-23

! I Vegetation
* area

Vertical Relief (ft)
%)

] wrackline
k High Waterline
g

@ waterline

A Top of toe

Figure6 - Beach profile of AMP North 3 showing profiles from December 20Afril 2023.The
distance from the headstake in feet is shown here with the elevation differences starting from the
headstake.

On the top right hand corner, there are different colored lines followed by dates. Each corresponc
color line indicates data entry capturedn that day. For instane, a beach profiléaken on De€l9is
shown inpurple, which you can compare to the recent beach profile taken oR28pfime is an
important factor for shoreline monitoring becausatriestaken at different times will be compared
understand shoreline change.
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—Dec-19 . - Vegetation area

May-20 | |
—Jul-20 [0 Wrackline
—0Oct-20
— Mar-21 >K High Waterline
—Jun-21 @ \Waterline
Nov-21
Jun-22 /\ Top of toe
Apr-23 Figure8 - The legend on the bottom right of a beact

profile indicates the symbolism and their appropriat

Figure7 ¢ The legend on the top right shows the bea shoreline feature.

profile at specific dates in their color code.

Symbologyindicatesshorelinefeaturesand where theyhave been detectedlong the transect. These
shorelinefeatureshave been selected as importaabd commonndicators ofchange. The color
matches the date/time of the transect taken. The symbol matches the beach fedtinesegetation
area has two lines. The left indicat®&{art of Vegetatiofwhile the right indicates th&nd of
VegetatiofQWracklineQHigh waterlineQWaterlineQand4bp of (beach)toeCare generally detected a
one point. Nog: not all beach features may be detected iniagte $roreline transect
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Accoun$eagonal Change

Shoreline changés often dictated by seasonal trade wintth&t drive sediment transport.
In the CNMlIthe typical winter easterly and typhoon season winds exhibit the highest wave energ

1 Thetypical winter easterly conditionsisually happerpbetweenJanuary hroughApril, bringing
swelland sand movemendf the CNMI shoreline.

1 Thetyphoon season wave conditionare anticiated after each storm, usuallyithin July to
October. Intensity and length of disturbance greatly influence sediment transport,aitth
potential to worsen erosion. Typhoons often approach the CNMI from the east to the west
they cancurve from south to north. Two common typhoon types have been observed:
southwest(SW)and north-northwest (NNW) The typhoon season isfluenced bythe El Nine
Southern Oscillation (ENSO) pattern of the year in our region, the West Pacific Region. Tt
ailddza OFly 06S @OASHSR GKNRdAZAK bh!! Qa /fAY
(https://www.cpc.ncep.noaa.gov/products/analysis_monitoring/enso _advisory/ensodisc.$h

This report considers seasonal change and incladeap of the wave directions generated from the
| @RNRPREYFYAO {lGdzRe 2F {LALIYQa 2SadSNy [ 32

Shoreli ne Linear Regr e

Linear regression analysis calculated using théistance of theop of the beach toérom the
headstaketo calculate the rate of chang# a beach profilenddetermine itsstatus whether it is
eroding, accreting, stable, or undetermined.

Using MicrosofExcel, we would platach transed®a G RA &Gl yOS 2 F U Kalis) angl
0 KS &ast a2 saxis). yhen we SdullBdd thettretide andits linearequation. he equation
of the linear relationship is y = mx + b. The m is the slope of the line, and aldathef change.

Eroding profiles have overrate of onefoot (>1) of negative values.
Accreting profiles havever a rate of onedot (>1) of positive values.
Stable profiles have iate between-1 and+1 of change

Beachprofiles with many entries are suitable for this analy3i®se that are new and replacing

previous ones will be omitted from the calculatidéach site has lanear regression analysis graph
aK2gAy3 U KdéeofichNdngéd SOG4 Q
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Sail pBenac h r caafkidlye
FIindi ngs
Pak Pak

Sheltered by the nearby reef (approximately 500 meters away) and Agingan Point, Pak Pak Be
exhibiteda stable shoreline since 2016. In 20a&uper Typhoon Yutdriven storm surgelamaged
vegetation.Pak PalBeachQ @egetationhas matured signifying stability since then.

As observedrom the Hydrodynamic studysouthwest typhoon conditions appear to beore
damaging than nortimorthwestdue to the increased swell energyowever, the beacmay receive
sediment from the adjacent reef and Agingan Pdiased on the shards of glass, reddish sand col
and occasionally dark rubbé®mprising the nearshore area

Pak Pak 1 Highlights:
1 Discontinued, started a new headstake at a visible coconutdareduly 2024
1 Previous headstak&TABLE
1 Wrackline that ranges 1940 ft and an elevation difference of 5 ft
1 The previousShoreline Linear Regression Analysee pgl7) indicatedthat shoreline hasa
rate of-0.5 ft from 20162023.
Pak Pak 2 Highlights:
1 STABLEaccreting in the shoiterm
1 Shoreline trees are maturing
1 Wrackline that ranges 4675 ft with an elevation difference of 9 ft
1 Based on the Shoreline linear regression analgsie pg I), the shoreline has at a rate 65
ft from 20162023.
Pak Pak 3 Highlights:
1 ACCRETING
1 Wrackline that rangeS0¢ 82 ft with an elevation difference of.8 ft
1 Seasonal variation may brisgdiment to the shoreline. The nearby outfall northward may
have some influence. Vegetation has developed indicating that storm surge has not imp
the area since 20109.

1 Based on the Shoreline linear regression analgsie pg I), the shoreline has at a rate of2.
ft from 20162023.
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Typhoon Waves
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Figure9 - Hydrodynamic map of the stretch of Pak Pak. The arrows show the intensity of waves generai
from the south wesf(in dark purple)and the northnorthwest wave conditionén yellow).

[Photo not available for 2023]

2020
Pak Pak 2

W

2020 |
Pak Pak 3
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Pak Pak Beach Linear Regression Analysis

(20162023)
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ID # of the Season and Year (see other table)

y =-0.5202x + 58.059 y=0.4919x + 77.61 y=0.2399x + 91.284
@ PAK1 ® PAK2 ® PAK3

--------- Linear (PAKL):-:---- Linear (PAK2)------- Linear (PAK3)

Figurel0- Pak Pak Beach Linear Regression Analysis table shows time in seasons over shoreline position
(top of toe) from the headstake.

Pak Pak Beach Profiles

Pak Pak 1 Beach Profile

Distance from Headstake (ft)

0 10 20 30 40 50 60 70 80 50
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X High Waterline
. Waterline

é Top of toe

5/ w aS@adieline Monitoring Beach Profile Report for Saipan and Mafiagaha



)R8

Vertical Relief (ft)
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PIC

¢KS atl OAFTAO L asfadjafdrtzo the Chiaarg Kardoa rée$ wipcbvldés tvave
buffering500 meters away from the headstakes. This shoreline is subjected to-gtduned erosion
The storms of 2018dvedamagedhe shorelineIn responseto the incidental erosionthe Racific
Islands Clulsaiparhotel placed sand bags amduldersto stahlizethe highly eroding storm bermot
too far from the Seaside Grill facilitieSortunately, the stormduringthis period have not damaged
the berm Wild native vegetation has prospered since their settlemaitér the significant erosion
events. Southwest typhoon conditions appear to be more damaging than rootthwest especially
due to theproximity of the storm. Futurentense storm surge eventoupled with sea level riga the
future may erode the shoreline further.

PIC 1 Highlights:
STABLE
Wrackline that ranges 36 70ft and an elevation difference of 9 ft
Erosion to the shoreline occurred in BD2@ at a 40 ft distance and more.
Foot traffic continues to discourage vegetation growth.
Based on the Shoreline linear regression analgsi€21 ), the shoreline has a rate €0.5 ft
from 20162023.
PIC 2 Highlights:
1 STABLE
1 Wrackline that ranges 3448 ft with an elevation difference of 9 ft
1 Stabilizing beach vegetation has grown over the berm. The berm was steepened from a
erosion event around June 2017. Rocks were placed to stabilize the berm but Typhoon
(2018) deepened the drop more. The loss of the head stake may indicate if thephaperty
is at high risk of shoreline erosion from storm surge.
1 Based on the Shoreline linear regression analgseie pg21), the shoreline has a rate €.07
ft from 20162023.
PIC 3 Highlights:
STABLE
Wrackline that ranges 4850 ft and an elevation difference of 9 ft
Constructionof a hotel is locatedh the backshore
Based on the Shoreline linear regression analgsis pg21), the shoreline hsa rate of 0.4 ft
from 20162024.

= 4 4 4 2

= =4 4
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1-Yr NNW
Typhoon Waves

Figure11- Hydrodynamic map of the stretch ¢?1C The arrows show the intensity of waves g
south west(in dark purple)and the northnorthwest wave conditionén yellow).

5/ w aS@ddeline Monitoring Beach Profile Report for Saipan and Mafiagaha




PIC Beach Linear Regression Analysis
(20162023)

100
90 Y .
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Shoreline position from Headstake (ft)
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ID # of the Season and Year (see other table)
y =-0.5238x + 85.485 y =-0.0698x + 56.959 y = 0.4328x + 65.549
e PIC1 e PIC2 e PIC3

--------- Linear (PIC1) «:------- Linear (PIC2) :-:------ Linear (PIC3)

Figure12 - PICBeach Linear Regression Analysis table shows time in seasons over shoreline p@spiai toe) from the headstake.
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PICBeach Profiles

PIC 1 Beach Profile
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PIC 3 Beach Profile
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Hopwood

Adjacent to the Chalan Kanoa reef at a distance of approximatelyng®€rs, the Hopwood shorelin
is subjected to wave damage events from a powerful stgkmaccount from a resident suggests tf
this shoreline has experienced accretion since the-b880s. Thus, the vegetation asdttledsand in
this area may be several decades old. Shoreline is susceptiinleidental erosionjn which the
beach idfrom an extreme storm eventlowever, sediment transport (likely the north to south) has
enabled the bach to recover.

Flourishing vegetation line indicates how tisibrm surgehas not reachedhe backshore during this
period. The short width makes the shoreline susceptible to future sea level rise and the reach ¢
surge. Wave overtopping and overwhelmed tidal flows from the channel down south may impa
site during both typhoon waveonditions. It appears that southwest conditions could greatly impi
this site. Under southwest conditions, longshar@nsportcouldpush sedimenfrom south to north
while northrnorthwest conditions indicate the opposite.

Hopwoodl Highlights:
1 Wrackline ranges 3Q42ft and an elevation differencef 7 ft
1 Shoreline erosion and dynamic vegetation line are direct impacts from storm surge.
1 Nearby outfall hasomeinfluence onsediment transport.
1 There is insufficient information to conducthorelne linear regression analysis this perioc

1 PREVIOUS HEADSTAKE suggested that this profile was subjected-toditoeth erosion
Hopwood2 Highlights:

1 REPLACED

1 There is insufficient information to conduct a shoreline linear regression analysis this pe

1 PREVIOUS HEADSTAKE suggested that this profile was subjected-todstoeth erosion
Hopwood3 Highlights:

T ACCRETING

1 Wracklineranges 2% 491t and an elevation differencef 7 ft

1 \Variation in entries are influenced by the outfall north of the headstake.

1 Based on the Shoreline linear regression analgsie pg 8), the shoreline lasa rate of+2.4 ft

from 20162023.
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[Photo not available foprevious yearg
Hopwood 3

Hopwood Beach Linear Regression Analysis
(20162023)
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ID # of the Season and Year (see other table)
y = 1.6449x + 51.871

® HOP3  «ceeeeeee Linear (HOP3)

Figurel3- HopwoodBeach Linear Regression Analysis table shows time in seasons over shoreline position (top of toe) from the
headstake.
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HopwoodBeach Profiles

Berger Level

Hopwood 1 Beach Profile
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Hopwood 3 Beach Profile amDec-16
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Hopwood 2
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Aquarius

Aquarius is parallel to the Chalan Kamba@annel, which greatly influences movementdhgh the flow
in and out of the southern lagoon. The nearby sand bar indicates the active sediment transport
area during higher wave conditionsalso acts as a sand source, filling in shoreline areas during
gentle wave conditions (winterlyDependngon their direction and strength, wavesinpull sand intc
the water and push sand back up to shore. The gentle northeast winter trade winds have been
observed to push sand up into the shore.

This shoreline appears twe accreting, yet vehicular accessthe berm has compacted the sandy
backshore A coupleof years ago, sma#icale beach nourishment increed the width of the shorelini
here and the eroding segments of Sugar Dock to the north.

Overwhelming tidal flows from the channel down south may impact this site during both typhoao
wave conditions. It appears that southwest conditions could greatly impact this site. Under sou
conditions, longshoréransportcould potentially be going from south to north while nomiorthwest
conditions indicate the opposite.

Aquariusl Highlights:
1 ACCRETING
1 Wrackline that range85 ¢ 481t and anelevation difference of &
1 Nearby outfaldown southhas influence orsediment transport.
1 Based on th&horeline linear regression analy@&@se pg3l), the shoreline ks at a rate o#5.4
ft from 20162023.
Aquarius2 Highlights:
1 Discontinued; PreviouslkCCRETING
1 Wrackline that ranges 3592 ft with an elevation difference of 1&
1 Shortterm erosion events have occurretihe sand bar could influence this dynamic behay
suggesting that sand is pushed during typical winter conditions and pulled during typhoc
conditions.

1 Based on the Shoreline linear regression analgsie pg3l), the shoreline has a rate ofL.9 ft
from 20162023.
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= 1-Yr SW
Typhoon Waves

1-Yr

Figurel4 - Hydrodynamic map of the stretch @gfquariuswith the open wave energies entering through the channel openifde
arrows show the intensity of waves generated from the south west (in dark purple) and the northnorthwest wave conditions (in
yellow).
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Aquarius Beach Linear Regression Analysis

(20162023)
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Figurel5 AquariusBeach Linear Regression Analysis table shows time in seasons over shoreline position (top of toe) from the
headstake.
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AquariusBeach Profiles
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Sugar Dock

Parallel to the Chalan Kanoa Raafl channelthe Sugar Dock shorelinedgnamicgiven the
sediment transport sensitivity to the dock and the chanmaliring typhoon conditions, the channel
mayexacerbate and even shift sediment transport processée. docKkost its ability to allow
sedimentpassage underneatthe infrastructure from north to gsuth. The result is a beach on the
northern sice of the dock rather than a dedpoat ramp, causing a public access is&ue¢hose who
need to launch their boatsio resolve this issue, theeach has been dredged in early August 2024
Plans exist to demolish and rebuild the ddckan improved design allawg for sediment transport.

The north of this accreted aremas observed witthess of eberm and a slightly steeper shoreline,
suggesting a sediment deficien®each loss by future erosion and storm surge threatens the Sai
Community School and Church and the Tasi Haoagplex

Sugar Dock South has a variable trend while Sugar Dotk Nas a longerm erosion trend.

Sugar Dock SouthHighlights:

1 ACCRETING

1 Wrackline that ranges 377 ft with an elevation difference of

1 Shortterm erosion and accretion events define this profile. Thannelinfluencesthis
dynamic behavior, suggesting that sand is pushed during typical winter conditions and
during typhoon conditionsThe sand bar is a sediment source.

1 Based on thelwreline linear regression analy¢gee pd37), the shoreline has a rate &1.8 ft
from 20162023.

Sugar Dock Southkighlights:

1 STABLE

1 Wrackline that range20¢ 31 ft with an elevation difference of &

1 The berm has completely worn away, so the headstake (tree) is right when the slope be
steadily drop into the waterlineThis suggests loAgrm erosion and sediment deficiency fo
this stretch.

1 Based on the Shoreline linear regression analgsis pg 3), the shoreline hs a rate of0.5 ft
from 20162023.

Sugar Dock South 3 Highlights:

1 STABLE

1 Wrackline that ranged1¢ 59 ft and arelevation differenceof 9 ft

1 Vegetation line expanded indicating stability

1 Based on the Shoreline linegagression analysisee pg 3), the shoreline has a rate 0.5 ft
from 20162023.

Sugar Dock North 1 Highlights:
1 DREDGED, previously accreting
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1 Previously, bsed on the Shoreline linear regression analfsse pg 34)the shoreline has a
rate of 2.7 ft from 20162023.

Sugar Dock North 2 Highlights:
1 ERODING
1 Wrackline that ranged5 ¢ 70ft with an elevation difference of 8 ft
1 Abrasion from a previous storm is at 35 feet from the headstake

1 Based on the Shoreline linear regression analgsis pg 3), the shoreline has at a rate 2.2
ft from 20162023.

Sugar Dock North 3 Highlights:
1 ERODING
1 Wrackline that ranges 3% 38ft with an elevation difference of ft

1 Based on the Shoreline linear regression analgsis pg 3), the shoreline haat a rate of-0.8
ft from 20162023.
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Typhoon Waves

1-Yr
NNW Typhoon

Figure16 - Hydrodynamic map of the stretch of Sugar Dock with the open wave energies entering through the channel opening
arrows show the intensity of waves generated from the south west (in dark purple) and the northnorthwest wave conditions (in
yellow).
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Sugar Dock South 3

M

5/ w aS@adieline Monitoring Beach Profile Report for Saipan and Mafiagaha




-

Sugar Doc‘k. North 3

Sugar Dock Beach Linear Regression Analysis

(20162023)
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ID # of the Season and Year (see other table)
® SUGS1 ® SUGS2 ® SUGS3 SUGN1
y =1.7688x + 57.701 y =-0.4661x + 66.314 y = 0.4526x + 69.7 y = 2.6961x + 59.6¢
® SUGN2 ® SUGN3  ceeeeeee Linear (SUGS1) -+ Linear (SUGS2)
y =-2.2164x +91.343  y =_0.7544x + 67.739
R2 =0.9067
--------- Linear (SUGS3) Linear (SUGN1) «:-:----- Linear (SUGNZ2) :-:------ Linear (SUGN3)

Figurel? - Sugar DoclBeach Linear Regression Analysis table shows time in seasons over shoreline position (top of toe) from the
headstake.
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