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I NVESTI GATI ON OF | NPUT REDUCTI ON TECHNI QUES FOR M(
MODELI NG OF COMPLEX I NLETS WITH BAROCLI NI C FOF

Guy Gel t eEdavi’mnEl Aasrew! W Stevens

Abstract

The Mouth of the Col umbdsat uRarvyesit gIkeCQdR) ar &c tae rciozangpd elxy a buo
by high freshwater flows from tibat fobbmhi aedRi gderi nqtowdf
campaigns haverrdewnlst ¢ idrmrtaseompf thywdhmopden@Bilddehd and sedi
|l o@O0DPr5i ver flow conditiobhbdatTehramnudhmd el asiahylsatsi mfs obt a
( MCR) modelweapegpXfilcaartd dompor t ance and efsfigctd dfods tmdadtritf i cat i
|l omgrm sedi ment t.r aSntsrpactritf i sciamu loant iionnfél luremwegehs muhceh scefd i tmeente
and significantly 1t é&dadudR osradeibnheyrsto se xapeovreta |l ast t htaitdea s i mi |
that best approxapgnataesr dhed stpramgpesitr ac & h i-sbtdr ast a tbf & ceta df | foow
Thic®rr espiompdleinecse t hat standard amoarombso dyn ami cL etsisceeg , s QlDdOMY t
in the stratifiedarcmodnadtihernntsi dmluyndstatatMCfRi ed estuari es

Key wowuderi calsendidmeénhti exigr, aas poefticdlrdc urheaad s iornement s.

l.Introducti on

No-hi near interactions bet ween water motions (wind
channel and shoal structures, |l ead t-bi ceampountedact
bet ween flow and sedi meart!l ¢t rdinfsfpiocul tmatk@ sunde rpatran c,
movement of sedi ment s. Accurate predictions of wh e
essentmaabhge¢ osediemd mrltcganmmeneai n navigation channel s,

s uasitn benthic habitats for numerous plant and ani mal
Numerical -madebsatedl Bnd validated with field meas
understand seidmn meompldgxnamibi eytd iveagrsi toeunss r esear cher s ha
proedeassed model suites | ike Del ft 3D -icnalne tb ep ruosceeds stecs
greatly i mprove fundament al understanding of the prc
change @av wide variety of time and spatial scal es (
Weegen 2009; Dastghei b 2012; Elias and Hansen 2012).
The Mouth of the Columbia River ( MCR) is a notorio
pl umet ecdr ebay hi gh freshwater flows from the Columbia
1

972, Jay and SDmeuvihne ,192020@Y;;Hodnrereral . , 2009) . FI ows
sedi ment transport patter nestslpiotoed ycamdiedast ®@®oftior ande
mod el to investigate important processes. To accur a
transport within this complex system, a high resol
Howe,vesuch simulations are computati erealiloyWdsr g anomit dits
and |l onger). As a solution to this conundr um, Lesse
modell ed and measured mor phmdymnamiuecnebélcaVvi ono,d etl h a&tou
the most i mportant physical pr e casrs e(s5 iyne atrhe tdaresstc
applying schemati zati on techniques. I n hi s wor k, |
'u.s. Geological Survey; Pacific Coastal and Marine Scienc
ggel fenbaum@uegsens @usgs. gov.
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mor phodynami cl iteidd ea awadv eapspchemati zation to make t h
efficient (and possible).

The goals of Hfbid. p&kpestarwetwom to identify the |
transpo+st zefd sandd ment i-ens ttihaer yMCRf atnhde | @onMeumbi a Ri ver
if and how the effects of stratification can be inc
The eventual goal is to devel-beprm maomphodahhmodec¢han
MCR and adjacent beaches.

2.Study AFeak@geBi ment s.

The Columbia River is the | argest river on the Paci
economically (for shipping), ecol dgiecaldfy, s eachidmehnats |
adj acent coast (Gel fenbaum and Kaminsky, 2010) . Ho w
and inlet system. The system has reversed from ove
degrees of | opcrads eretd. eAlotshoonmghatt he underlying causes
|l oss within the |littoral cel | is most I|likely a resu

within the Columbia River dr aiinnasgkey beats.i nal(.Ge | 2f0elnOb)a.u I

18006s, hydrodynamics and morphodynamics have been
jetties and dredging within the entrance and estuc
Additi omaltlhan m®M0 dams have been built for irrigati
have significantly changed the river hydrograph and

Beaverdrmp
"y, Teriinak,
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Figure 1. Overview ofUppbe Bowanelsl smbwadBtaets for the
instrumenduwri(ng itpoed s2005 Me(guap pTerra nlseefctt) eaxnpde r2iOme3n tONR e x p «
mi ddRed dashed liinnepprd mdi\gdatt epllootcat i dasauaedl yer smbdeth
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21.A mi-xrear gy environment

At t hteh Mofu t he Columbéa Raverj éMCREst(see Fig. 1 in
and Jetty A) were constructed al ong i trseleamh avrek nseanftes
passage for both commerci al and recrédheicoaktvassehb
of the jetties significantly altered the inlet mo r
position, althoweghraenmualg mai rsttéeddncrequired to keep
depth. tTilealeldel ta moved offshore into deeper water.
t MCRvas foll owed by equally rapid shoreli2@pPIFetreat
and Kaminsky oet balthymM2@10®@)x maps and morphol ogical ¢t

A severe wind and wave climate, all argertddakchange
plume dynamics affect nearshore hydrodynamics and se
at upstream dams, resul {3i0MY sn mtamhanmMadll emeamwi t howe
rangi ng0@ og0®HY s (Bottom et al ., 200d5)ur nGace awni tthi dae sme
tidal range afay2.l4dnmar avmdiat2®&n of spring and neap
velocities in the narrow enbbutanecfet emaamxneded ypi mas | g
tides and high river discharge. In the estuary the
turbulent water and a koowbhhesc€ot uUmbwai Ri oethel Bael f
Sotuh Jetty oridg.isnakmyarkte@dkm seaward, respecti vel
i mpacting the MCR has eroded the jetty nhetahdes oachecaunt
facinarMChi ghest during wicmatner waivteh haen gahv e raa goeu ndi gBn
12 s from the southwest (Ruggiero et al ., 1997, 200
heights |just-deluttes.i dRBurtihreg esbibmmer , conditions are mi

predcda@amitl y from the northwest
22Fi el d Experiments

The US Geol ogi cal Survey (USGS) coll aborated with t

Of fice Refsedawdl (2013) in two major fieldranpercitment
experi mént wasMGeconducted in the summer of 2005, and
hydrodynaminad, swa\venent mo del validation (Moritz et a

quantify the flux of sand through the mouth of the
the estuary entrance by depl yd mrgo sasn tahseeFagyf, torfa nfciev e(
uppleeft fpandldpcdtoi omesasure water l evel s, waves, t emp
sedi ment concentrations. Dat a wer e 2c000I5l. e cTtheed choentdw et ei |
encountiergdt deurexperi ment were typical-wdoer ciahinl swm
from th200800@*)m( mild winds and l ow to medi um wayv
Nort hwest.

Addi ti onal dat a o

0
e

n hydrodynamiseslj msetabead stmoiriphhioil o
obt abeteweMay 9A8dine of 2013 abumpaed RIFVEThel IONRxperim
instrumenmedsuripodtl ow, water | evel s, waves, sal i ni
mi gr aweirbenpd dB8y3days in the mouth and upper north and

Fi 8!l ocati ons West),. Srohuet hRlamEdT Nodr tehx per i ment occurr ec
hi ghly energetic wave conditi onsonesf itnhet hwei nstuenmmean d

heights measured offshore of the MCR varied bet wee

bet ween 4 and 20 s. River discharge at th¥es bamdnni nc
decreased t Y sathhopute néd, 000f0 tnhe fi eld campaign.

The distinct differences in forcing conditions dur
al |l oowmmvesonsgeadki ment transport processes under differ
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Figubeerview of the updated MCR model grids for flow and

Right panels: detaiiCo|l afmbti me r(fitlvaegw)d ggmd ditafr o/ ¢ (b\ilebstte, m) N o rDtoht s

and Sioudihgat e tithe hleoe@2®tliammds yegbtdesw | ines represent the | o
mo dtehat corrkepandohoofhehe jetties and smaller t

33.The MCR model application

23.Model Setup

Model ing sedi ment transport at the MCR is <challengi
account for the interactiomwadcfiabtepngensday sturath
waves awdrwawme i nter actailont,i dradp reosdyuncnee tirnyt eand r el at
system, and allow for wetting and dryi filge oDell fatr3Je t i
mo d e | system contains all/l the necessarWSGiBh yasnide al p
Détares have |l ong coll aborated on the devel opment o
sawsd zed sedi ment to examine and isolate the physica
mor phol ogisceael Edc.ihgasr geet (al . 2012) .

Currents at the MCR are driven by tidal o-scillati
driven cAghaulfeotchuss. paper i s on the importance of st
the mout h, hen de felsidutlalvayy es i s omi t t edTof rpornmo ptehrel ys i nmoud eal t
of these important processes, the model domain needs

Foll owing a series of sensitivity éeérepandgd tbegbpnt |
km to the north and 10® lkmnctoonmbhlat eotthle onforeher MIEGR L
during thei Q01 3Br.theigdhhvkeatger domain ensures that bour
i mpact the reopleins ozteaMCRoufNdar iledsmairre) ptriedalr i benms tbh
for water l evel s (M2, N2, S2, K1, K2, P1, o1, Q1,
modul ation. Twesedeonhstedtd@eonimsthe TPXOnd.Rr ogfl oebvad , t
2002) danmudefdi dauri ng calibratio#nidAh ésucmatéei ohstbas
NOAA stations (Toke Point, WA; Garibaldi, OR) was in
On the |l andward side, wehe emédal yeswoendhsati nthe twed t|
tidal flats and wetlands are resolved in sufficient
model is extended through a coarse resolwmni an rtihweer
BeavAerrmyfer mi nal Wihoeméeynb avalt e r l evel and discharge da
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upstream model boundary conditions.

Elias and others (2012) <calibrated and validated t
the modelrtwaes tested and i mproved againstprielpe 2013
Mo del i mpr oveardgrutsg memt sgdeme ttheand resolutign of the
represent the entrance | ee tviecsi mintdy soefwdBaaikheyrmeBa yy,i nugj

basedeoeant measurements,-tanddl thbeompdiierwabhedbOunidar s els
24.Mo d el Met hod

To answer the gohetricommndofhoswuatucds:sedi ment may acc.u

simul ations over | onlgemrg ttiaergme a(pranistidmmeeathecnead . cr eat
representative sedi ment transport patternsof(and moi
forcing conditions. Such simulations are computatio
and resolution required in the areas of interest. ;
di scussed by De Vri enodds( 1i%s9 3i)npuQ@ner eodfuctthedonmetThe goeze
capture the residual effect of all processes by a sc
Lesser (2004) mpr e ldeedsedsrv @i t ni pount schemati zati on t ech

MWo i il mgian | Bay. This author shows that the schemat
ofwi thher en@ldidént i ki sf owerni kg Lesser schemati zed
ynami c tide and applied a wawempuhemaonahty
nt (or even possible). Lesser makes a clear
rder to use a morphol ogical acceleration techn
coasphaypaoskegaesicant role in (residual) sedi
scales of interest. Existing literature may al
sfoefrcbreeedi ment transaplor tf osricmunlga tpirooncse sssuebsj entaty

to test the (spatial) i mpact of el iminating i
ent transport wil/l be governed by tidal curren:
arge. I n more cdhimpdrexi cenavli rdbenmsinttys d thrrreeent s, S

may al so pl@iye aof imperkant2dodegnpbebgsstensial
e K1 and O1 tsiddada l¢mosnisttoalateindrss twi ttthesirgni fi can
i dal resi dual sedi ment transport results from
Based on these findings a mor phol om@indalM2t icbempwans nfgr,
artificial Cl component and a mul t iAp Imag aotri odi fffaeatemi
bet ween the MCR and Willapa Bay is the i mportance o
Me asur esnteenvtesh s( ) gam e pmo cEd li arse seul tBd g(s42)03howantdhat th
pl ume significantly alters t he flow, and t hus i K
mor phol ogi cal tide schematization.

To invebheigmpertanottandiofnh e aheef freecsti dual seds ment t
of simulations and analysis -Aram@fbboranchkadz@e8) etl Wo
experiment sexatlelnosw vied yt @wal i br ast,e aanmdd rveadnitcdea tivem ctehhee an
hydrodynami ghome hulsttandlgs)ons(&Esenti al to include t
S
c
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pr-negp cycle on Nedélmesni mdar allnGsypeors tv.er t i cawhi sk hemat.
resabpeput ati oniami ts ttrhaei nsiamud alt i ons over much | onger
A schemaséediedhebedcomposittoi are dwase roammpdreixhedy i n the
resuulBsed sedi ments were prescrichoehde sassrean sandi miitted
composFourosedi ment fr ascep aornasttedale dismpektsiclre djed by phi
values rangijnalg, fooardsfeS5t0danfed?2 ( medii zuerdds &2 5dih) j=

3 fi ndeFsls2@&n)d, (aédd very fiwehsandeg®d©dsm)bhmnt his paper,
f

ocus i s onj=t h2e (rnsesda buthw Is Biodl )t he r esperde smeemtta tsiivzee ne al
MCR

For each exper(iomengtsiamuitfeiteedoeanowas performed, force
ocean boundary and the measuredThiéesehsrmel ati drhe B
files to ensure thatcoheecsct asal iofi ttyhearsd mullawi on (
results of the calibratilon aadrdd tvainhiada fAiineothd ofsi mh ke a tn
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executed talsat,i aesgsuuame stion ftih@8 ogcetmm t.h eAlrllipeare @a met er
settings and bourdearo tta@dantd i wii mdhsarmd ewaves, and addi
these processes, are omitted from the simulations toc
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Figure 3. ®ansi doz@@ijsiag tide (top), and model ed vel oci
tiqmeifndrs a si mus$atapiffowdatoonod eft) and i ncl uHeiengFisgturraet ilf i ¢
upper rifgpht trhendlo,chatd .on of Stati on

Station ADV3 provides a representativeodyewviié&wgof t
3) . Wi t houta dtorgatriiftihamdtci ovorel oci ty distribution over
(sprpenaghb velodi 6i end soeaxrceed t he pealNeafrlbodadde wenleoci t
peak ebb vEl oExdeed olieopealkl|l ocities of 0.7 m/ s. S
pronounced distortioowreroft htéhner ¢vheeli aucpilptfeyr o ol ckoyfeiell @ ci t i e s
consi deerdaubcleyth i aedbbheel ocities increase. Near the bed
with an i neabeas d |iom dinhde lap c ietdiedbe looc iotf i & e

4. Mo d e | results

4. Qharacteristics of sé&diomerctontdriansomosr t( 2DWr51)ng | ow

During the 2005 evepeerriemeantti vcei slcormar ghetspBeav éi |l Aemiyngt
the dischar gdg ersdiwvemprietsddichcam &abe@0scdbring the first t
of the expoeOrof/ e rtto,watrads3 t he end. Such conditions are
conditions. Withodatl) ,sttrhaet irfeiscualttiionng (rFeisgiudcueal sedi men
net gdeawarection in the r$edirmeessuarg @eodsinai hed mbd
botthhe north and sautnletc rampmoeW tshi otvherddarbesretnacvee sof wi n ¢
net and gross sediment tDemspoytstomatf hechtanodon argn
residual sedi meanotutthe samailpeissytt so f{ RA sgtkdej8iead ament transpol
east of Astorian(hmtt£e40) aade maigmi tadei (Fig.4b). 1In
transport field is more vamimaimlamcéen-adidgedthinarerdi mba
transport vectors are not vVvisiblag Ibat h aplemsermtfanitoc
to note is the presenceriecrmftcsee i méd AN ntelbata eidg @iocua the t
I

i kedyumudbdbfat sedi ment whi ch midgrhetd ge xnm!| aei$hfoodrditesi aae e dt hf
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Averaged overctboesieconrsedt meht peegpartrseddbaudomi s dr as
0. 65mktled. 1 2m®1Tohe di f f e,r emnepper evseecrttoat i ve for the strat,|
ief w®egaml si zset rtaot itfhieednowernt @rt h(d-wegdduamreygt ed
Detailed analysis of selected hgdirodyinami beamdutied
additional i nsight i n 4#cH6) .unQoemnhoyn ntgo nbeacthha ns ismsl a(tFii o
vari ati odni nefntt hter ames por t-ngapg ecsy wlvee.or Mdhaset spfritnhlyge sedi
during the sgriamgsemihther c adi gambibfei cantrlaynsplodbh odtdiei ng
During neap tides, the gromnssaearmnd froet thedisntermtt i tfn &
strati fi etdhec oandddiittiioonnsa I riverine flow still contribu
The reduction of duméehgadi méprtd Ctoad®kipd@an sadcyast ysb @ n
of the salinity and t heatveerl acniftlyuxt irnees usletrsi eisn. aT hde sftr
the vertical. Salinity differences besteWweeecnt etdh es t ad ti tc
within thEheosadhifnfier ence is highest during neap tid
| arger f | loiwkieneyuacei tmoase mi xi ng.

As a resul tdidff etrreen cdfenbeestiivgeeern (tehset uamgyrne wadEaneand t |
waters @e didftehe ndevdaléadg wst iratnddsl Eiib3y. Ftdbe bed vel oci

Lodensrideggh fwater concentrates in the upper |l ayers
vel odhietieeds resulting in aeam -bewe®lsd diet iedsf 2zacAs eod a et i
transport predominantly nearsitdgmri foieadgnttlhye decrreases
sedi ment transport. The cabddergreai nr esjpodis ainrm\we gsttii ngial

magnitudes differ. Sedietmf@andsxplonfftori nrcers¢padcetsinded y
j=4 Net sedi menijt= tlr a-pse pnoeratr f or

4. Qharacteristics of sefdioencondianisprost( 2@I3ng high

r dsiachisglor t pafti ewn couandisiignoidhlsagrisahcotwesr i sftli@ew t o t h
€i gL)AS5maet sedi ment expor titiytsrogprnrisepdoinctti ende,d anod tthhee n
nDerk$sng the 20023 marpérmigme md 86&i/as cgheut varies bet
000 anilslBeO®@@em tOhelJ@Be Magnanselsi gh83ydD)sower val
feer. The \Wwaarregfelre cdti escc hiam gtehe | ar ger rnceatt i soend i nbehnet
et sedi mehnrto ugrhp oirhte-sentoiFfbn4 é8m®’tGosioubl e the value o
i mullatt iiosn.l i kely that most oof tthhee icnhcathégaes ¢i @b @f ter uavni sapl o
hsel i ght |l y tliadeg erra e ialiglma r @@rsterdii i uteess and associ ated
Il ncludi ng ssitgrnaitfiiddacratelsyomhel net hexpgectaonne ¢ranspor
educe®.d0 9®mk% 1 Qrheidsuct i on i s hidgihsecrh atrhgaen cfaosre .t he | ow

An estimate ofoft hethe pati att i feixdaaetni on i nfluenced zor
edi ment tndaesiporaf at mbengmain (souDthni rcdh abrodeh! d{vFg g sa
i ver gdsiisstihlaarrget wanspobtwmert htedupper partf oorbthbe estua
tratif i-etdr aatnidfTieiak csasne | ar iast ionfdi Ask g ihseahl@ix n i4t4y0
radi ents arcsingontil fysacfafaitiob wtrhte tsedi Tent he rwemstpoot . Ast
tratidtircandgloyn sierdfi lmeertc etsr Winslpou t stat &tsi. fication s e
ncreases subs0amktiledl 2% mkffladro ml ow f | 6 w& 5%anktded f 5 o m
1°%0m®* f or high flows. Maximum sedi ment transports pe
tratification significantly reduces sediment trans
editmem p €Or.t0 5&km’k40noted for 2005, whereas for the 2C¢
nd er abnegt-Ov.etetfie’®t 0. 5x°m%k 10

T
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Figure 4. Overview of model r8suMbdefed mhan2@@dit empatt iema

for-snomti fied fl ow, stratified flow and the difference. (

channel of th2: MBiRme Ran & logw,lwksta@ 8§ anh ® wheekl doicni tnyaj or f | ow

di t eofaBm aBi e/ddbs ch(aQ)genst § Baamde oausmul ati ve (sSgdi ment trar
through MERtdcmmsg see Fig. 1 for |l ocation).
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