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ANHROPOGENI C MODI FOEABARRISHRANDS
FOR ESTUARI NRUWATERD SEDI MENT MANAGMENT

Gary A zZarillo

Abstract

Estuar igwea bwattyelriaglrdred sand ssaeagamenaghao gdryanpahmi ccaalllly | i nked
the eastern seaboard oliorilizaonUabrdet haitThteeasacuatl eer oml atnhnei nogr d er
Thus, mo d e | experiments webpmeakbtohdmpboerdr yoaneprepegénioccano
for the purpose probadingrfbeasbangnef ehheardraimedrnts aanndd stoou rp
for the |l onger term that will bgquacesesbadri pRd hwell thadafr el W
the study indicate that smal |, temporary tidal inlets ca
estuarine water quality. At the same andnes ddrucsens nign |tnd el
accessed by nature or anthropogenic activates to promot
Key wdmndosppogenfccaembdon, Barlrnileert sl,s Iwaantdesr, qTui adlailt y

l.Introducti on

The barrier insgl atntde se/asdtearsmaaddoact h emfl bgyehoell oddsi cs et t i ng
devel opehde onmidrl enninalrespmasecalka | evel transgression
stor ms, asdppled.i medneto lesgienntimgredi entyiisnaoudeaal eva
dequate sediment fbapptypypogEapidgld agp uwdisg &l etqeuni erregdy

ial shorlkdtacttr ansdmad espliveamglwartdr ajescfoom that stiobper ¢
derlying topographi cswhartabarrliermi echanttddabheaert bni
erall moeplchli ogy .byBsttiodarer i whehsaaednatur al proces
rge vekbkdmeeabfti ma mprdavifdirctmg f or barrier island mi
sedi ment flats ndred mynlmamivegetadtsioomp.rovi de for mo
ushing of back barrier eissteusafra anmeyg yssytsd m mfunmaantdi d mif il g
upafi darhe barrier systems has dramatically alter
oreseen changes i n barri er aldtyenraanti ictsh ®mo Ahteowmign gt h
f ound ianfblaurerniceerddsay st eémadtaibard i zegprevedaki onl ef s ne
al inlets to promote flushing.
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2.St atement of the I ssue
The U.S. Congressional Rivers and Harbors Act of 19
rotmagatbrersattch er osi on Tahnids st ags mr e s ugweaf fi nr ta onfe asH oyr
rot epcrtajoenct s al ong the U. S. east coast barrier
ncluded a policy to cl osd achldorsne blraeragteire ésutbhodrrnmo scsu t
ecome | ong | asttiidnaglh ainnd emisgr atFirnogm o urs Kkonroiwgliendagtee o
nd evbkewe,is an understandi ng otfh abtaarerti cenpheergtnd | t i d
f
e
n
y

t healnaprtohcaets smanignt ai sen btame i mr | Isgsmiemm ti me sc:é
at ur e swaasnhd soavnedns sperdd wiedd supply for |Iltonigs telramo b
own t hat inl ets provide a wiewdbwndged owitthle eotas
st ems. I n this project, mo del experiments are ¢
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mani pul atiionl orMddlaeri erm of tsomailnp rfolvues heisntgu airnilneet sw
and t eympionrlaentesd sif@asrd gt r ans f-lear rtioert hsei dbey cfhkoat ulraet eor
ma-made activities to maintain the barrier island.

3.Proj ect alnodc aB a coknn d

mor p holiaogbleaal by dliddiemalst al keasrt ruiasayris 1 & mds ar
der in thhd Rawdrudlyagedmhempasemer tai drmragfe t h
| -caemnidd Blbat hda coastor pFirod ool ga scsaiéfsat ittt iy o fm
consi ket esderpaa faadorendbtuaiblcte amabyow microti dal l
g ot Wtahtle Hwildbocenratas oftheseal l eveTheatser all owed
hed of theoff Riwaitewhmlsaarsrsookthbh @amgainhlagte has
eepied Pleistodtbwe®RLtidalshat hiowagead usually v
when r e cred lvdfanrsge mf rweasthesra t @ cwet dutraelisl i d hc & o re
ng. The idwad ®@de glaft heg d ®Rloin meeMbtséqliuée t o Lagoon
xiesmp lbiyf ireedc e na | dhedeormmfms!| ( AHB)smalddcti ons i n sea
er age. cTohnes t fitdowtt 0 dhegt & & mtehso utgoh t i necul turdoep Hircoant i o n
eqslitvye ent esi daegnrtiicaulu haonfdd |l as wel | as the accumul
ive organic rich muck sedi ment g i bluchdanrnaeecstu mud at
risgasdem of canal sstarnudc Awatede n tcro hbauct b bnugh e

uotfi exrdtl wrsahli ng t howagblpt sapd ts otbe wikcheda aaubsye

rm breaching oAl tthhoeu gthartrhieer| Rly st esnqponds to | o
i lpraacpeogati mg tihe tclmeastmad ocean, tidalg iinfl uenc
ited to withifn ieanltfedaw cllisina@d mé toe rc@ rnognfaltseskhm emwyn btud

a time scale of several months to a year or mor
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ndeenpt osd int et dhRel eliasttee@aelayl ocenederTrhebanor i er system
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pa@eo HWeadtrdse .1 RL kdasr rtiheer Liosnlga nl & b a ombesbhaerdr iaenrds ¢
acyhedt dor m sadreg. nhdave dli emeBied eruedlsi 3, haodinnyghe

aocft sSuper st ©O@c mo280aln2d ywa sn rae maiwead sionce of occurr.
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Closure of natur al ipm lod tenxatyfi arra vseteoari tmgery GHrednvia gsemoernet

angdhore pirnttelte i loombh gee sesre atne@af obderyear sGear d gli cragd € ry.
frequent rewor ki nigs |obfy dnenicgrroattiidnagl ibnalrertigd rwdfdlroahydi nvol v
shoal ptl matf omangobpmnrtaot eche barrier supepnsbtestuode ani
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for the barrier iséandbir ol e@tbeascamoddesosme @ncderge r e
sand aswaehewiorléd s ehevahdoa&&rtealt syHandeZa). I Il o, 1987
Ponce Inlet

40 Kilometers

FiglreConfiguration of the IndianMBsgybédaagbagodMLompa
Banana River (BR) andef help aias nt headmyd rotf ih gt shiee c pl aRd@ | i s
south section

Figar eConf iofurreaatti o-Sout h Bay, asoodiidadadand, el amdcal udi n
I nl et opened by a 2012 hurricane.

4 Model setup
4. 1 Flnuosdheilngset up
Efforts to slow the decline andpampwagtéh wahee rl RjLu ad ni d

GSB Best npar neacgt & negensth § B np é eme ntleRL i qab iytdheecht er shed
controls and monEsbuangnéenmahaegementargfforts in Gre:;
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moni t,eevmmggloremaqual i py og Pesps meh ft,dvretse r dgeucalliint eys
continue. I n the wake of recent HAB episodes in bo
me t hofd si ncfrlevasshiinngg r at es andofdetetseesassi ngs f 1l ushing ti me

Modelxperi ment s wetrestconlectfed uichhii hgt g s iodnal c dreapror
ant hr capagemiecti ons to f hasbktomesatdbdafr r i ted emred matnane e t

for i mproved watent palably tdbea raraidekr sfaonrd tshoeu ricbeasgper ter
wi |1 bd aaocéedhhee future when rising BEen thesé erperrm
t wo toyfpemodel s wera tehmpd @y dBrnlyii rocrmrme nthalt moaaddlude
constitueaswell amsporytdrd)dgygmami a8Dalbdprocess model d

addnesgsl® and wave driven sand transport

The Environmental Fluid Dynamic Code (EFDC) was set up for two barrier island systems, one along the
east coast dfloridaandone long the south shorelofng Island, New York.Figure 3 provides an

overview of the EFDC modgjrid covering the IRL system from Poadale Leon Inlet (Ponce Inlet_ to the
vicinity of Ft. Pierce Inlet approximately 90 km to the souBwoth estuariesonsistof a series of

morphologic compartments most of which héimgted tidal influence At the north end of the Mosquito
Lagoon (ML) compartment of the IRL tidakchangendflushing areprovided by Ponce Inlet. The middle
and southern sectiasf theML having very little tidalinfluenceand no direct aanection to the coastal

other is knowrto be poorlyflushed garillo et al., 2011

Great South Bay is compartmentalizsiseen in Figuse2and 4 Amongh the eastergompartments

only the easternmosection served by New Inlet (Figure 4yéadilyflushedand subjecto improving
since theopening of New Inlet in 2012. Thmnid-sectionof GSB is served by Fire Island Inlet, but suffers
from occasionaHAB events due to poor flushing. Thesterncompartmenof GSB isserved by Jones

Inlet and EasRockaway hlet (Figure 2).Althoughthe coastabceanin thiswesternarea has a mean
semidiurnakidal range of more thanmeter, much of the tidal energg/expendedver expansive salt
marshes antidal flow is restricted by narrow and shallow tidal charaediby causewaypridgesystems
thatcross GSB to the barrier isld. Figure 4 shows tht@onfigurationof the EFDC model computational

grid setover Great South Bay.

Features andumericalrecipes of the EFDC moddhatareconsistent wih modelingin the IRLand GSB
environments@recoveredn Tetra Teci007. Briefly, EFDCis multi-parameter finite difference model
represents estuarine flow and material transport in three dimensionsbédrasxtensively applied to
shallow estuarine environments in Floridlang Island NewYork andother coastal states of the U.S.
Examples can bfound inZarillo, 2006, Zarillo et aJ2011and Tetra €ch, 2005.

EFDC6s hydr odynami cedsnensienaleverteallyl hydeostatit, treirfatehturkrilent
averaged primitive equations of motion for a variable density fluid (Tetra Tech, 2007). Also solved are the
dynamically coupled transport equations for turbulent kiretiergy, turbulentengt scale, salinity and
temperature. The EFDC is also directly coupled to a water quality model, the kinetic processes of which
are derivechnd updated from the Chesapeake Bay thigensional water quality ndel, CEQUAL-ICM

(Park et al. 1990 Howeve, in this application for flushingxperimentsonly hydrodynamics tad

trangport options were appliedVajor time series input® establish model boundaconditionsinclude

water level salinityand watetemperature freshwater inflows and-afra interaction data loaded into.

Forcing at the model ocean boundaries consisted of a time series of water elevation that combine tidal
constituentsvith low frequency watelevel time series that represeynoptt to seasonahiftsin water

level that are important in both areas (Zardtoal 2014; Connel and Zarillo, 2003). Theidal inlet

locations shown in Figures 1 a@dnarkthe locationof ocearboundariesvhere water level times series

were applied.
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Fig83rdndian River Lagoon computational grid Left pal
south section.

60 Kilometers

Fi gaareConfiguration of the computlastlisonnda,l NY.i d ove

4. 2and ResouWwreda pModel

A major i ssue with estabkimpbarmegry mamwe nitia dadawoirsnslee t s ,
islamndhe managementresfources f owmi tdolymfitde po viterwt obdbndawd
barrier segments. These issues caoraes teliunc iad arteecde nfto rr elLg

protection plan by the U.S. Army Corps of Engineer (
shore protercepadddedEsSsni casluece mnmf dlhiedéerm@ttadt ng Zarill

al , 2016) . To address this issue within the scope ¢
Fl orida was exWlSAQGeH GMssdddailnbQ@©&ycdtemal), A S | ar
modekpe meritohnlgs| and Coast is descri bedamnrhddd aus et

rf

feasibility off epldpke masdltaitnndgwi drhi nd et e w | taiceéal j ust t
providing a shortreags umalltlee irng ducGSBg adhrdedpgi ng costs f
flushing rates for the 2c0e0n3t reax pl @3S Bneoatd mpraa It unceent a p rTd
sedi meanhapdrtelated topographic chardgevelllart isthhael |porwe s
hypot hientliecpd lwemda CMS moden ng@rritde xalds®taibndd i @am on t he
cenftalkioda t numerhiadalmodp!t o s eftarp ets kFelL OCWM S n dWAVMNES
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model s included iernvitelwiesd e xmp28raidrodaratd & eCMiSt calhsj s26808
of several model i AWAVEo dvécsad iicrud lau deisn gs p&MS r al wave pro
refraction, diffraction, reflection,atsihorml i ngt aad
appltioededi ment transp#&LtOWFhoer nfudlals Quw ashtianl CNMSd el i ng
coupling-WAOME GCu@¥MEFELOWyhi ch cal cul,asteedsi meint c utlraatni sopno r t
mor pholadg ¢thamgaei ti onntivo nda \ o,t dtieindsee,d nangrinad e | was

set up usvargwisgameat | yekxietdsshampeédngn

50 Model Experi ments
5.1 Great South Bay

Tablle st the model experiments based on hypothetical
flushing and Fstgas®&®ge&soft hseahadcati ons of d obppetdhet i
abo8ktmeast FBElrand |l ot aotfi lmympdot H @ tuisdhalmad o8unk mtt o t he wes
of Fstandt| dhldeheocada i bppot heti cal pump station is te
Amondche 5 model caseaswol iosft etdhsi narotl Bvadnladti /e ncl vetttsi,ng o
incl mbdidemd¢ case 3 in which the new inlet would repl:
cl osednoidrelt heest . s p Modlpkul neps assteastei dJosnea wat er from the ¢
GSB For eachicamteti,on hedye®mde mptast ispreor fitdeé entire m
domai n.

Tabl Motlel Alternatives for Great South Bay

Mo d e | Case Mo d e | Dur at
1Existing 125 days
2. Flushing inle1l25 days
3. New FI I nlet,|125 days
4 Fire | sland Punl1l25 days
5. Flushing Inlet |125 days

== _45p Flushing Inlefs
Flushing Inlet W‘

Figbredypot hetical flushing inlets placed in th

Fi gcceempawnde!| 1(cmnas mod € IBl,chalséet ®dag@gd of RAismsleani dry.

t hdeepb| ael or at the east compartment of GSB@ayhis con
so modsil mul atioon heédueresencet obytaehint oo dnearsbmed®12.
GSBti sdlcdoncentorf athiuodeysei.c alHo wfelvies hi sgcnoehp acretnche atl 5 e

d duwe a combinatioheotof cubs jFibrie hlomnlgahred elanl et , whi ch r
e simulation. Af ttdre BO® mdaynsftiodosnsiibnegt laatnidavicFi re | sl anc
provides al modtu neoadiagla Iff 1 aurs letiomep acr et mternal of GSB (compa
Aad 78B) .
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Existing Conditions- Surface Layer Day 20 I Inlet Case— Surface Layer Day 20
4520000 [~
4520000 |~
_ A \ . : )»’
4500000 (~
X el i
4500000 | r ' E. | " Fliniet Flushing Inlet
e [ “ £ [ !
£ 5 Dye Concentration, ppt
2 Dye Concentration, E
Lh . PR 4480000 |- 0 20 40 60 80 100 120 140 160 180 200
4480000 = 0 20 40 B0 80 100 120140 160 180 200
r B
A 4460000 [~
4460000 L L 1 PRI RS T ST RS |
620000 640000 660000 620000 640000 660000 680000
Eastm East,m

Figer e Compari son of great south bay preddrftieglurfdtuischi |

n(A) and for opening of a flushing tidal inlet (B).
Existing Case - Surface Layer Day 50 Inlet Case - Surface Layer Day 50

518000 p~

Dye Comummtatomn, pyt

-
412000 b= R O ® K NI0N O MO X 4310000 -
5000 = A0 -
| {

lii” A0

-

Fire Island Intet
ALPA000 - proveey B
A B
T T
L T

Figur eCompaGri esaotu tadyf Bredi cted flushing patterns at 50
configuration(A) and for opening of a flushing tidal

g8Behow the results of model caseeta( Rsgopeni andhi
Il and | nelteitc ailsl yh yephod $hevehi gtehs et itdhad ¢ pa tsefiac @caer amo.w Th
u
i

F
|
f shing imbeablrefslaursahsiinegn ef f @atv® ndgemplasrieadn dt ol nl et o]
(

Figure 8A) or a combinatiimgqa iorfl &ti r(eFilggdraemd7B)nl et an
Existing Case- Surface Layer Day 50 Inlet Case - Surface Layer Day 50
&310000 p-
Oye Concertsvsan, ppt Dye Concenesaton, ot

5
812000 b 3 W e A 0L 0 W 0 4512000 =

XL ETL

|

A

T e e et e ]
6)5000 640000 443000 ©50000 435000 OO0000 662000
o

L0

Fi g8&r e€CompaGr satn &@éyupgrhedi cted flushing patterns at 50
configuration (A) and for a combination of opening o
inet .
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FigucemPar es mqA)el anxcdiesle scBLad | € 80 doéfy &ri mullant itohni s

comparifslomshitmhge inlet to the east of Fire 1681 and 1| n
m/s capaoveyalsaheismil ar to the case 2B as shown i
compartment of GSB is | argely flushing of dye, but
than those results from the flushing inlet
. Existing Case- Surface Layer Day 50 Case 3 FIPump Station Day 50
Dye Conmntratun, pot Dye Conterivaton pot
- T . w200 - - T B ]
4512000 - 20 4 0 0 N0 120 140 W9 WO 200 ? D 20 & 0 80 %0 130 %0 4O 180 300
4500000 b= 4408000 -

LT | g

\

494000 b Pumg 10 Cumwterssas
A AER000 - B
as8000 I i 1 L I Il 1 L I i 1 L 1
z 635000 40000 645000 650000 635000  GOO000  €45000 GA0000  GA00 650000 655000 GE0000 6600
Catm favt m

Fi gar eCompaGr seatn &#dydupgrhedi cted flushing patterns at 50
configuration (A) and for flushing by a hypothetical

Figurceompb@id eas hi In@r eamft SecwimpaBameht Fwest |l sl andginl et
condition and the placemeattl @cfatd omy pwetsd e thifaa-i stelows h
Figureb56 (Telbesostpartpmenrt!l yvi sfl ushing under present ¢
form either Fire | slandforbahamgeswvalyn|settr uacrtdirteltse bpruend
enadf the compartment (Figure 2).

Existing Case- Surface Layer Day 50 Inlet Case - Surface Layer Day 50
4520000
4520000 (-

o 5 4500000 = " \' \

£ 4 L )

g e Fire Isiand Inef ; Flushing It | ™ 1stand Inet

s

2 5

Dye Concentration, ppt z Dye Concentraton, ppt
4480000 = 020406 B0 T00 TN IE 180 20 4480000 [ 020 40 €0 % 100120140180 190200
A B
460000 1 | I 4460000 I L L )
20000 40000 660000 620000 640000 660000 560000

Eastm East,m

FigudeComparitso$owtfh GBey predicted flushing patterns
configuration(A) and for opening of two flushing ti.d

5. 2. I ndi an River Lagoon

Tabl etdel mdtislhi ng exper Rment s lasd omb heeabcl he dei xapaenr &i ihm
dyeoncent papwdsons R2éci fied within the entire | RL syste
approximately one year . eSxecah annagtieorgtfhreo nmotdhed cdooansati anl wc
t o havceo nac ednyddr az e ro n
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Tabl eMBdel TuallndkiranmtRiveer Lagoon system

Model <case Model Du

1Exi sting 365 day

2Fl ushing I nlet Mos 365days

3FIl uslhnilngt RBareana 365days

4 WeiarCanaver al Lock 365 day
Figusdows the configuration of a narrow flushing in
Lagoon, which is known troatheasvaehcheagktl r amgkwar sl)@war fl Lshi
The inlet was places adtslamnflecati oot wher e sotvhearr bawr a ¢

was haenddubby storm sur gki giumed igla rpeass t t h enu nperreidciaclt edy e
concentffroat itchres exiand nrgoédseodnacsiet iZonafter FOgdagsl1dB, si
Tabl)e 2

FiglbteConfiguration of aflushing i nFleoriadat he sol

| : B

Fi gl 2ceo mp a nuinseorni ccad n cdeyneff mat itdires exi sting condition (A)
after 70 days of simulation in the Mosquito Lagoon
Figu&eaows the configuration of model case 3, a hypo
of IthRhle known atveéehe BlRinnmnac®mpartment is frequenctly

bl oom (HW&) Tfinal hypotheticwkistonotitgueat iocmt edv mlews
Canaver al awatséhrowlnodknd Fi gyGase tdAseTadbl e 3) the model

operate as a function of tide produced water |l evel
el evanhnldaommgel y prevent return flow during | ower tidal
the weir allows notably improved flushing after 50
River ( Model Case 4, Tabl e 3) compared to the exis
generally closed except for occasional boat traffic.
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Fi guB8Cenfigurl Rthibodel ocase 3, a hypotheticaloffltthehi ng i
I RL known aitv@sheee BRiinguuar eR 1 f or | oacation)

e ot ] " B &

Figu4 eHypoti cal conf i gur ati omh ¢ IORolawes ad waitrerst r
|l ocks

Figshews that the praebenBane®ia ¢ hepflbudab entgg atuil nde
potenti al loyc cruegdiemnaldtBh ééovwaut ., the weint efir @Acotrur e 0 |
Canaver a(lFiHaurbeorl U ¢ s r b d u § kn icch g pei dchti eyds rag aefltSmo d a |

run of about 200 dayyx, savdinndgiht rechrosvse it eh adofrmptaRdirsne nt s
segmentwalfrleu sntoed .

FigubeComparisohloshi pgedf chenterical dye at 200 days
(Casel , Tabl e 2 ) a weir structure | ocated in Port
south end of the Banana River.
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5.PBotential for sgoring sand resource

Onemodekxperwamegntonducted to testntthhhepbgesi bl il yyiafiu
transfer-baorikee Haokforamadesacliilyhvist iiss based on the
that even temporary isenaed ifhmushéengodel et estas debl i

l'ittoral sedi ment supmleyfeogde FIl odbi md ianlifetws waaek sbd o
quality conditions as in the GSB experiments®. S o me
be opened for |l onger periodfhuo,shtayjd stwerf | nethalmige sftla
placed in a CMS model grid abut 10km north of the e;
to i mpound sandcraé¢ 60 wrfoc els2 amold htsihmevdsi tghue epr edi ct ed
cbge at the inl et maftodOd aypWi iunhuillnBttiloen f |l ondt Bbobhhyder
si de oft hteh ep réeedti echieendt  arcecpurneusleanttisonabout 494, 000 cubic
The | RL bdesthiengoempaert svel | dvii méntmewvaslunme secumul at

new tidal iinnltehte cemesnexdin G8cwmphirnB atgbit@r oxi mately 1 mi l
cubmeers of sand were dfelpocdt &ldo alnmodnitai dNderavt il enil £2 a |
opening of e bokédtLoheg Ektpemdmoadmwtld resul ts indicat
effectsbaonr ibeackt i dal rggaged tiddowanambid eébperpBri ments
showed that smal Icaann dp rsohdaulcleo w aorpgeen ivnogilsu mes of back b

t hat could be used in sand management schlkeme that
inlets on |ittoral sand budget. Further, smal | t e mpc
the back barrier estuary and stock piling sand to
migratidad¢ inlets.

12 Shoal
& ; | i Coastal Ocean
e
Bay
Figué e

50Concl usi ons
Mo del resulffit ssbhaoagbd btme b mg yfdoerc reiassteadr i cal ly poorly f
compartment,$ empiongr gmahl ets or water control struct
potenti al conflict between geologically short term
for eventual barrier island migration.
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