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2 INTRODUCTION

2.1 Intr oductory information

About this manual

This manualis intendedto sere two purposes.Oneis to make it possibleto usethe
modelwithout a detailedinsightinto the theoreticabackgroundor the model,the otherto
make it possilbe to usethemodelasaresearctiool.

All usersshouldfind the descriptim of the capabilitiesandlimitationsof the modelin
Chapterd andthedescriptionin Chapters of how to operatethe modelparticularlyuseful.
Thesetwo chaptersaremeantto containtheinformationneededor userswho mainly want
to usethe modelfor obtainng informationaboutnearshorevavesandcurrents.

However, asbackupfor any practicaluseof the model,andto help userswho wantto
apply the modelasa researchtool and maybedevelopit further we have alsoprovided a
brief outline of the scientificbasisfor the modelincludingthe underlyingequationssolved
or usedto compue mary of the parametersisedin the model. This is primarily donein
Chapter3. We have alsogiven a ratherextensve list of referenesto sourcesvheremore
informatian canbe obtained.

About the computer code

Traditiorally nearshoreirculationmodelshave been2-D horizontalmodelsthatassume
depthuniform currents. The presentmodelcan of coursebe operatedn a 2-D horizontal
mode- andnew usersmaywantto startin thatway.

However, the nearshorevave generatecturrentsare generallynot depthuniform and
the vertical variatian is not just a curiosity that marksimproved detailing. The vertical
currentvariationplaysanintegralrole in theway in whichthecurrentsaredistributedin the
horizontalplanebecaus¢hey contritutedecisvely to thehorizontalexchangeof momentim
known as”lateral mixing”.

ThenumericaimodelSHORECIRC is aquasi-3Dmodel,which combineghe effectsof
verticalstructureof the currentswith the simpicity of a 2D-horizontalmodelfor nearshore
circulation. This is doneby usingananalyticalsolutionfor the 3D currentprofilesin com-
binationwith a numericalsolution for the depth-intgrated2D horizontalequations.

Thetheoreticabackgroundor SHORECIR s describedn Putreszu andSvendsen(1999)
which is an extensia of SvendserandPutre/u (1994),andthe first versionof the model
was describedby Van Dongerenet al. (1994). The derivation of the modelequationss
omittedhere but theresultinggoverning equationsisedin themodelandinformationabout
model elementssuchasthe vertical flow structure,boundaryconditions,bottomfriction,
turbulencerepresentatiorgtc. aregivenin Chapter3. This alsoincludesa brief outline of
the numericalsolution method.As menticnedthe capabilitiesandlimitationsof the model
arediscussedh Chapted. Userinformationandexampleof inputfilesareshovn in Chap-
ter 5, which alsoincludessometestcaseghatcanbe usedasbenchmarkgor checkingthe
correctfunctionof themodel. Chapter5.7 givesinstructonsin how to operatehe model.

The SHORECIRC modelsystemessentiail consistf two parts:
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- A depthintegrated shortwave averagedcomponenthatdetermineshenearshoreurrents
andinfragravity wave motion,includingthe verticalvariationover the depthof the currents
andparticlemotionsin the G waves.

- A shortwave model - calledthe wave driver - which, in additionto wave heights
anddirection, determineghe shortwave forcing for the time and spacevarying currents
andinfragravity wave motions. This forcing consistsof the distribution of the shortwave
generatedadiationstresseandmassfluxes.

The modelpredictsthe motionin the time domainandhenceis in principle capableof
describinghe effect of randomwave motions SeealsoChapter for adiscussiorof model
capabilitiesandlimitations

The SHORECIRC hasbeenverifiedby comparisorio datafrom detailedlaboratoryex-
perimentyHaaset al., 1998, Haasand Svendser2000a,b,2002) and from the DELILAH
field experiment(Svendseret al, 1997,VanDongereret al., 2002),andit hassuccessfully
beenappliedto a wide variety of nearshorgghenomenasuchas surfbeatgVVan Dongeren
etal., 1995),longshorecurrents(Sanchcetal., 1995),infragravity waves(VanDongereret
al.1996 1998),sheawaves(SanchocandSvendsen]1998,Zhaoetal., 2002),flows around
detachedoreakvaters(Sanchoet al., 1999, Drei et al., 2000) andrip currents(Haasand
Svendsen1998,2000,SvendserandHaas,1999,2000,Haasetal., 2002).

3 THEORETICAL BACKGROUND

3.1 Governing equations

In the SHORECIRC, theinstananeousotal fluid velocity u,(z, y, 2, t) is splitinto three
components
Uy = UL, + Uya + Va (3.1)

whereu,, is the turbulentvelocity componentu,,, is the wave componentefinedso that
i, = 0 below throughlevel, andV,, is the currentvelocity, which in generalis varying
overdepth.Theoverbardenoteshortwave averagingandthe subscriptsy andg denotethe
directionsin a horizontalCartesiarcoordinatesystem

Fig 1 shows the definitionsof the coordinatesystemandcomponent®f velocitiesused
in thefollowing. Thus( representthemeansurfaceelevation andh, is thestill waterdepth.
Thelocalwaterdepthi thendeterminedas

h=ho+C (3.2)

Q. representghetotal volumeflux whichis definedby

Qo = /C Uq dZ (3.3)

—ho

and@,,., is thevolume flux dueto the shortwave motion definedby

5
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¢ ¢
Qua = / Uy A2 = / U A2 (3.4)
—ho Ct
where(; is theelevationof the wave trough.
Hencewe have
¢
Qa :/ Va dz + Qwa (35)
,ho

The currentvelocity V, is divided into a depthuniform partV,,,, anda depth-arying
partVy, by

Va = Vma + ‘/da (3'6)
whereV,,,, is definedby
Qa - Qwa
Vma = = 3.7
ho t e (3.7)
Thisimpliesthat
¢
/ Viedz = 0 (3.8)

The currentV/, is the currentthat would be measuredy a currentmeterplacedbelow
troughlevel. Notice thatthe definitionsof V,,,, andV,, differ slighty from the definitions
of V, andV;,, usedin Putresu andSvendserandin someof the earlierpublicationson the
model. Thisonly influencegheform of the dispersve mixing coeficientsdescribedelow,
but hasbeenfoundto have afavorableinfluenceon the robustressof the model.

In theequationdbelow 7,4 is the Reynoldsstressyhile T[;q andrg representhesurface
andthebottomshearstressrespectiely.

The SHORECIRCmodelis basedon the depth-intgrated, time-arzeragedequations
whichin completeform andin tensomotationread:

9¢ | 0Qa
ot + 0z,

=0 (3.9)

80 0 (Q.Q o [¢ 2 [*
a—tﬂ + 2. < 3 ﬂ) + ar. /_ho ViaVap dz + B . UwaVap + UwpVaa dz

ho

Lo 1 1P 10 /ci -
+ g(h0+§)axﬂ p+ p+paxa Sap i Tagdz | =0 (3.10)
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Figurel: Definition sketch.

In this formulation theradiationstressS 4 is definedas

¢ 1

Sap = / (pdap + PUW Upp) dz — 5a5§ pgh?— p% (3.11)
_ho

whereu,, isthehorizontalshortwave-indwcedvelocity. Thedefinition(3.11)is corresponds

to thedefinitionfor S,z usedby Phillips (1966,1977).

3.1.1 Currentprofiles

In the current-currentand current-vave interactionterms, the third and fourth terms, in
Eq.(3.10)the current/IGwave velocities are functionsof depthandneedto be expressed
in termsof the depth-aeragedjuantitesin orderto calculatethe integralsin the quasi3D
equations.In orderto do thatwe needto determinethe vertical profilesof the current/IG-
wave velocities.

For thederiation of theseprofileswe usethelocal (nondepth-intgrated)time-averaged
horizontalmomenum equationsaandintroducethe separatior(3.7) betweenthe depthuni-
form currentV,,,,,, thedepth-arying currentV,,, andthe shortwave velocites.

In this context V,, is dividedinto two partsby the definition

Via = VO 4 vV (3.12)

Thederiation istoolengthyfor thismanual A generalersionis in Putreszu andSvend-
sen(1999). The slightly simplified form usedin the presentversionof the modelcanbe
foundin Van Dongerenand Svendsen(1997a). However, ascanbe seenfrom the coefi-
cientsin section3.1.2below only the Vd(;’)-componenbf thevelocityis requiredto account
for the valuesof the current-currenaindcurrent-wave interactionterms. The vertical varia-

tion of this velocity is thengiven by

VO = 4,82+ €10 + fia + foa (3.13)

7
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where
and
Fy
dig = —— (3.15)
2Vt
B
e = 1o (3.16)
PV
h B
o = ———% 3.17
h o (3.17)
h2F,
. = — 3.18
f2 6(1/75) ( )
(3.19)
with F,, givenby
1 aS, 8 TB
F,=3——=° X —far. 3.20
{ph3$ﬂ+ph f} (3.20)
where
fa = %(uwauwﬂ) + %(uwaww). (3.21)
In additian, V.’ is givenby
v =y Lyl ) |y 00 (3.22)
with
V(l,a) (1(14) (1,a,3) ~3 (1,a,2) +2
do = = et viedes L yllede (3.23)
Vd(al,b) 1 b4 64 + le ,0,3) é.3 +V (1, b,2)£2 (3.24)
Vi = Ve et 1 v Ves y v e de? (3.25)
and
(Le) _ (1,a,4) (1,b,4) (1,w,4)] h*
Vda Vda + V;j + Va g
V(l a,3) (1,6,3) (1,w,3)] h?
o )+ V; +V,, ”
h2
Vd(zi 02) | V(l b2) | V(l w,2)] = (3.26)

Furtherdetailsaboutvj;) canbefoundin HaasandSvendser(2000).

8
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3.1.2 Dispersive mixing coefficients(3-D version)

Fromthe current/IG-vave velocity profilesthe current-currenandcurrent-vave interaction
termsin (3.10) canbe rewritten in termsof a setof coeficients M, s, Dy, Bog, and A,a,

which arethe 3D dispersioncoeficients. As shavn by Svendserand Putrevu (1994)the
dispersve mixing representetby thesecoeficientscanaccountfor a major partof the lat-

eralmixing in the nearshoreegion. Thesecoeficientscanall be calculatedrom the depth
varying partVy, of the currentvelocity profiles. The generaldefinitionsof the coeficients
aregiven in Putreszu andSvendsern(1999). Theversionusedherecorrespondso the modk

fied versionversionusedby HaasandSvendser{(2000awhich differsin thewaythecurrent
velocity is splitin meananddepthvaryingpartsasshavnin (3.6). The 3D-dispersiorcoef-

ficientsaredefinedby

B /C i /z 3Vd(0(3) _ aQ% _ aho an(;)) /z (0) _ %dzl dZ
—ho (1) \Jp, Ozy dr, Oz, 0z —ho 0 h

.\ /4 1 /Z v,y B g%us _ Ohe Vg / ‘ O _ Qua i) o
_ny () \J_p, Oz, ox, Oz, Oz % h

(3.27)

1 /¢ 1 2 v : 0
B,y =—— S o ! da_ gt / 0  Wuws ,
3 . {/_ho oA (/_ho(h +2') o dz ( N Vs 5 dz' | dz+
¢ 1 z av(o) 2 0
— he + 2')—2-d2' ( / Vi “’“dz'> dz 3.28
/—ho () (/—ho( ) 0z _h, d h ( )

]_ Z 1 z (O) Qwa z (0) Qw/j
Pos =3 | ) - ' - L4 2
“ h /_ho (ve) (/—ho Vaa n v /_ e Vas y 97 | dz (3.29)

¢ _ _
My — / VIOV dz + VP (0)Qua + V2 (O)Qup (3.30)

(o]

The valuesof the 3D-dispersia coeficients implementedn the presentform of the
SHORECIRChave beendeterminedor the simplified caseof a depthuniform eddyviscos-
ity v, andquasisteadyflow. !

In the programthereare optionsto usethe 3-D dispersioror to do computatiosin the
2-D horizontalmodewith depthuniform currents. Operationwith depthuniform currents
impliesthatthe dispersie mixing is turnedoff. Theonly lateralmixing is thenprovidedby
vy in (3.49). Thiswill usuallyprovide too little lateralmixing. Dependingon the problem
understudythe valuesof v; in (3.49) may have to be increasedsubstantlly (typically by

11t is emphasizedherethat although theseformuas only Contaian(aO) thefull effea of Vd(;) in (3.12)is
included becausen the above expressiondor the dispersve mixing coeficientsthe contrikutions involving

Vd(i) have beenexpressedanalytically in termsof V;;’). SeePutresu andSvendsen(1999), Appendx B.

9
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afactorof 10 - 20) to compensatéor the missng 3-D mixing. For further discussin see
section3.3.2.
3.1.3 Final form of the basicequations

Using thesecoeficientsthe equationscanthenbe written in termsof surfaceelevations¢
andthetotal volumeflux components), and(, asdependentinknavns. Theresultis

¢ | 0Q.  0Q,
%t 3 T 5 =0 (3.31)
and
0Q, 0 ,Q; Q:Qy
Y +a—x(7+Mm)+a—y( M)
0 0 Qg 0 Qq 0 Qy
——~hl|(2D B.)—(— 2D, —(— B
5 PL2Dse + Bea) 5 (55) 4+ 2Dy 5 (57) 4 Bray (50)]
_9 9 (@ 0 Qe 9 Y 9 Gy
5Dy Bey) 5 (5) 4 Dy (57) 4 Dy (5 >+<D$y+Bzy>ay< )
_ oy 9 1,05,  0Sy 12/ 2/4
= ghax p( 5 T+ 9 )+p(8a: ,hOde'Z—i_ay horxydz)
+:(332)
0Q, | 9 ,Q.Q, 0 Q2
ot Tarh T Ma) g G0 M)
9 2@, 5,2 (%) 1,2 % 9@,
0 0 Qw 0 Q 0 Qy
+6_x[Awyw7+Awyy h ]+ y[Aywa'FAynyy]

00 1,08k | OSy 13/ /
= ghay ,0( 9 + 8y)+ (ax hOTwydz+a hOTyydz

+u(3.33)
P

In theabove, 72, 7, arethebottomshearstresseshe surface(wind) shearstressesand
Sap, Tap aretheradiationstressesndtheturbulentReynold’s stressesiespectiely.

10
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The equationq3.31), (3.32) and (3.33) are the equationssolved by the SHOREGQRC
model.

As mentionedhevaluesof v, andTﬂB usedin themodelarespecifiedn sections3.5and
3.3,respectiely.

3.2 Short wave quantities
3.2.1 Thewavedriver

Theshortwave driverdeterminesheshortwave motionandcalculatesheshortaveraged
forcing thatdrivesthe currentsandIG waves. Therearetwo optionsfor modelingthe short
waves: usingthe built in wave driver, or using a separatevave driver and specifyingthe
wave inputvia datafiles. Additional informationaboutwhatdatafiles to includeis givenin
section5.4

In the presenwersionof the SHORECIRCmodel,animprovedversionof theREF/DIF1
(Kirby andDalrymple, 1994)is incorporatedstheshortwavedriver. TheREF/DIFpackage
is includedasa subroutinewithin the code. However, it only providesthe wave heights,
wave angles,wave celeritiesand group velocities. The associateghortwave forcing is
calculatedn a separatesubroutineshortwave _driver which alsocallsthe REF/DIFE

The REF/DIF wave driver is basedon the parabolicapproximationof the mild-slope
equation,andaccountdor refradion, diffraction, shoalingandbreakingphenomenaThe
presentersionusesa single offshorewave heightanddirection,althoughit canrepresent
thepeakin aspectrum.

Wave/currentnteractionis importantfor mary applicatimswith strongcurrentssuchas
rip currents.It is modelledby periodicallyrecalculatinghe wave forcing including the ef-
fectsof currentsandsetup.Theintervalsbetweereachrecalculatiorof thewave conditions
canbechosernn theinputfor thecalculation.

Thewave-curreninteractionis includedasanoptionin thecodewhenthebuild-in wave
driveris used.Whenusinga separatevave driver via the datafiles wave-currentnteraction
is only possilke by doing a hot startwith the newly calculatedwaveseachtime the wave
conditilnshave beenupdated.

3.2.2 The short wave forcing

As mentimedthe shortwave forcing representghetime-averagecdcontributionsto themass
andmonentumequationggeneratedby the shortwave motion. Thesecontritutionsarethe
shortwave massflux ., andtheradiationstresses,s.

Radiation Stress

Using the resultsof wave heightsandwave anglescalculatedby the short-wave-driver the
radiationstressearecalculated. The generalizedadiationstressesensoris givenby

Sup = €apSm + 6055, (3.34)

11
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where
(3.35)

- cos? oy, SID (uyy COS iy
B 7| Sin oy, coS yy  Sin? oy,
andoy, is thewave anglerelative to the positive z axis. The scalarsS,, andS, aredefined
as

e
Sm :/ PUydz (3.36)
—ho
¢ 1
S, = —/ pwy,2dz + = pgn? (3.37)
—ho 2
where
Uy =| U | (3.38)

is thewave particlevelocity in thewave direction.

In the calculationof S,z themodelusesthe local wave heightsdeterminedy the wave
driver(presenthyREF/DIF1).Outsidethesurfzonetheresultsfor sinusodalwavesareused.
For sinumidal waveswe have

Sm = % pg H*(1+G) (3.39)
1
S, = P9 H?G (3.40)
wheredG is
2kh
= 41
sinh 2kh (3.41)

Inside the surfzonethoseresultsare augmentedvith the contrikution from the roller
usingtheresultsfrom Svendser(1984).ThusS,, andS, aredetermineds

20_ A _ 20_ A h
Sm = pgH"—[Bo + HLH] pgH™ = [Bo + 155 7] (3.42)
and .
S, = 5ng2B0 (3.43)
whereA is theroller areaand B, is the wave shapeparametedefinedby
1 (T i
By=— [ (=) A4
=7 | e (3.44)
ThusS, is computedas
A h
Sop = eappgH® —[Bo + L] + 5a,32ng By (3.45)

12



Quasi-3DNearshoreCirculationModel SHORECIRC

A transiton is establishedetweerthe two expressiondor S,z to simulatethe growth
of theroller whenbreakingstarts.

Parameterization®r B, canbefoundin Hansen(1990). For sinupidal long wavesthe
valueof By is % In the presentersionof themodelthisis usedasthe default value.

Noticethat L is calculatedascT wherec is thelocal valueof the phasevelocity.

Wave Volume Flux
Outsice the surf zone,the wave volumeflux is givenby
H?k,
Qua = By "2 (3.46)
c k
wherek, is the wave numbervectorin directionz,, k, = k(cosay, sina,,) andc is the
valueof the phasevelocity.
Insidethe surf zone the wave volumeflux is givenby (Svendseri984)
2 2 2 2
:chB Ahka:chB A h k,

o (3.47)

Qoo =" B LT = ¢ P T )

As for the radiationstressa transitian is establishedetweenthe two expressiondor
Q. to simulatethe growth of theroller whenbreakingstarts.

In theexpressios for boththeradiationstressandthevolumeflux theroller areaA may
be approximatedby either0.9H? (Svendsen]1984)or by 0.06 H L (Okayasuet al., 1986).
Thelatteris usedasdefaultin the presentersionof the program.

3.3 Turbulencemodelling
3.3.1 The quasi-3Dversion

In the quasi-3Dversionof the modeltheturbulentshearstressearecalculatedby the eddy

viscosiy model,as
Ve OV
Tas = (Tt ) (3.48)

(3.48)is depthuniform. However, sincethe contrikution from 7,4 is generallysmallthis it
is areasonabl@pproximatio.

The eddyviscosiy formulation accountdor bothwave-breakingandbottomgenerated
turbulence.Outsde the surf zone,the modelis basedon SvendserandPutrevu (1994)and
Coffey andNielsen(1984).Insidethesurfzone,a modifiedBattjes(1975)modelis applied.
Thecombired contritutionsto the eddyviscosily from thesesourcess calculatedas

D
vy = C1k7 ‘%wuoh + Mh(;)l/g’ + v + Vs (3.49)

wherex is thevon Karmanconstan{x ~ 0.4), f,, isthewave relatedbottomfriction coefi-
cient(sect3.5). uq is theshort-wave particlevelocity amplitude evaluatedat thebottom and

13
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D is the enepy dissipatia per unit areagiven by the formulationusedin the REF/DIFL1.
Thefirst termin equation(3.49) representshe bottominducedturbulencewhich is always
presenaandthe secondermrepresentshe wave breakinginducedturbulencewhichis only
presentn thesurfzone.By comparinghe eddyviscosiy estimategrom this equatiorwith
theexperimentakesultsof NadaokaandKondoh(192) andthevaluessuggestethy Svend-
sen(1987)(; ~ 0.2. For M valuesbetweerD.05wnd 0.1 arerecommendedAs a default
thevalue M = 0.08 shouldbe used.Theconstant, , is anempiricalmeasuref the back-
groundeddyviscosty foundoffshore.

Thesubgridstressearemodelkedby usingtheSmagorinsit eddyviscositymodel(Smagorin-
sky 1963). The Smagorinsk eddyviscosiyy modelsthe turbulencegeneratedy the shear
in theflow andaccountdor thedissitionby the eddieswhich aretoo smallto beresolhed
by the grid resolution.

Thefollowing equationis usedto calculatethe Smagorinksyeddyviscosiy

Vg = (CSA)Q\/Qeagea/g (350)

where
A = \/AzAy (3.51)
1 (OUpaq = OUpg
Eups == .52
2(83:,3 +8xa) (3-52)

C, isthe Smagorinksycoeficientandhasatypical valueof 0.05 < C; < 0.25.

While v; is of relatively limited directimportancethrough(3.48) the major function of
v Is throughits influenceon theverticalcurrentprofilesandtherebythe expressiongor the
dispersve lateralmixing coeficientsgivenby (3.27),(3.28),(3.29)and(3.30).

3.3.2 The 2-D modelversion

If the quasi-3Doptionis turnedoff the modelwill operateasa 2-D model. The 2-D
versionof themodelis enhancedelative to traditional2-D modelsbecausef theinclusion
of W in the modified radiationstressgiven by 3.11. This extra term enhanceghe
lateralmixing of atraditional2-D model.Figure(2) demonstratetheeffect of thequasi-3D
mixing, theenhance@-D containedn SHORECIRG thetraditional2-D andtheLonguet-
Higgins(1970)analyticalsolution(hereaftereferredto asL-H) by shaving the cross-shore
variationof thelongshorecurrentfrom the laboratoryexperimentoy Visser(1984).Clearly
thequasi-3Dversionfits the datathe best. The 2-D versionshave large peaksaswell asthe
wrong shapefor the cross-shorerofile of the longshorecurrent. However, the additional
mixing containedby the 2-D SHORECIRCis evidentby the changen the peakandwidth
of thecross-shorerofile of thelongshorecurrentrelative to thetraditioral 2-D version.The
differencebetweerthe L-H andtraditional2-D is dueto the simple wave forcing basedon
asaturatedrealer utilized by L-H.

For mostpracticalapplicatiors, whenonly usingthe 2-D versionof themodel,the eddy
viscosiy needgo be enhancedubsantially to compensatéor the missng dispersve mix-
ing in orderto give reasonableesults.In doingsoit shouldbe rememberedhatin nature

14



Quasi-3DNearshoreCirculationModel SHORECIRC
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Figure2: Cross-shoreariationof thelongstore currentfrom Visser(1984): data(x), quasi-
3D SHORECIRC(solid line), 2-D SHORECIRC(light dasheddot line), traditioral 2-D
model (dashedine) and Longuet-Higgirs (1970) (dark dasheddot line). All modelsuse
few = 0.012, M = 0.07 andC; = 0.2.
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Uo

1
u wave fron

Vb
Figure3: Definition sketch for calcuation of bottomshea stressin combinedwave-curentmotion

the lateralmixing canvary substantidy dependingon the situaton. While this will be (at
leastpartly) accountedor automaticallyby thedispersve mixing it needseincludedin the
specifiedvaluesfor v; whenrunningthe modelin the 2-D version

For thesimple caseof auniformlongshorecurrenton along straightcoastSvendserand
Putreru (1994)foundthatthe 2-D eddyviscosityshouldbe of theorder20timeslargerthan
thequasi-3Deddyviscosityrelativeto theL-H resultto getthesamecross-shordistribution
of the longshae current. As shown in the exampleabove the differentwave forcing and
differentbuilt in eddyviscosityin the presentversionof the SCwill reducethe difference
betweer2-D and3-D resultsandhencerequirea smallerincreasan M in the simplecase
of longshore uniform longshorecurrents. For more generalcaseghe effect could be both
wealer andstronger Thereadelis referredto theliteraturefor suitableformulatiors of the
eddyviscosityvariatian in 2-D computatios.

In addition to affecting the meancurrents,the dispersve mixing strongly affects the
stability of theflow. Zhaoetal. (2002)andHaasetal. (2002)foundthatthe 3D dispersion
reduceghe instablities (suchas shearwaves andfluctuationsof rip currents)in the flow
substanally . Thisis aneffectthatis completelymissingin 2-D models.

3.4 Bottom topography

In thepresenversiontheSHORECRC progranreadghetopographyn subroutingopography.
Thedetailsfor this arein the User’s Guide.

3.5 Bottom friction

Thewave averagedoottomshearstress B is evaluatedundertheassumptin thattheinstan-
taneousottomshearstressrZ(¢) canbewritten

7a”(t) = %pfcw(uo,a(t) + Vo) | (U0,a(t) + Vool (3.53)

whereuy o (%) is the bottomvelocity in the wave motion V;, is the bottam velocity in the

currentmotion ( = V,, when depth uniform currentsare used), f.,, is the bottom fric-
tion factor which canvary with space,but is consideredcconstantin time. We also have
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U = (U'O:w uOy)u V;)a = (%wa V;)y)
After shortwave averagingthis expressiorfor 78 canbewritten (SvendserandPutrevu,
1990), .
% = EpfchO(BIVEJOc + ﬁZUO(x)- (354)

For sinumidal waves,with
| Ug,a |= ug cost (3.55)

with @ the phaseanglein the wave motion, the weight factorsfor the currentand wave
motion 8; and g, are,respectiely.

B = [(E)2 +2Ecosecos,u+(:052 6]1/2 (3.56)
Ug Ug
B2 = cosé’[(ﬁ)2 -I-QE cos 0 cos p + cos? 0]1/2 (3.57)

Ug Ug

In theabove equationsd is theshort-wave phaseangle,§ = wt — [ k-dz, andy istheangle
betweerthe short-wave directionandthe currentvelocity at the bottom For definitionssee
figure 3. We have alsodefined

Vo = ‘V;),a| (3.58)

Thecorrespondingariationsof 5; andg, versus,/u, andy areshavnin figure4 and
figureb.

In the codethevaluesof 3, and 3, areapproximatedy simple curve fits to (3.57) and
(3.57).

Steady-stieaming

It hasbeenfound (seePutresu and Svendsen,1995) that particularly outsde the surf
zonethe steadystreamingnducedin the oscillabry bottomboundarylayeris importantfor
the propermodellingof theundertav. In the momentumequatiorthisis representethy the
Uy, Wy -Stressvhich is modelledhereby the expressia foundby Longuet-Higgns, (1956).

3.6 Boundary conditions

Theequationsaretypically solvedin arectanguladomainof the coastakegion. SeeFig. 6
for asketchof atypical modeldomain.Boundaryconditionsthereforeneedto be specified
alongthreedifferenttypesof boundaries:

e Seavardboundaries.

e Cross-shordoundaries.
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Figure4: Variation of 3, versis V; /ug.

Variation of [32 verus vb/u0

Figure5: Variation of 3, versis V; /ug.
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Figure6: Typical modeldoman.

e Shorelineboundaries.

In the computatbnsit is assumedhatwavesareincidentthroughboththe seavardand
thecross-shoréoundaries.

Type of boundary condition

In the modelseveral typesof boundaryconditionscanbe chosendependingon the prob-
lem. Thechoiceof boundaryconditionsis controlledby the valueof the controlparameters
1bcl, ibc2, ibe3 andibe4. For detailsseeSection5.5.1.

3.6.1 Offshoreboundaries

At theseavardboundaryanopenboundaryconditionneedgo bespecifiedhatcangenerate
incomirg (long) wavesandcurrentsandat the sametime allow the outgoingwavesto leave
the calculationdomainwith minimalrefledion .

This kind of (absorbing-generatindgjoundaryconditionis availablein SHORECIRC
Thedetaileddescriptionof thisapproachs shavnin VanDongererandSvendser(1997b).
Theproblemis to establista methodfor updatirg thetotal velocity andsurfaceelevation at
theboundaryto the next time level whenonly theincomirg (long) wave motionis specified
at that level. For this purposethe governing equationsare locally approximagd by the
shallov waterequationsandareresohedin termsof in- and outgong Riemannvariables.
Local superpositin of incoming andoutgoirg (long) wavesis assumedandtherelationship
betweerthe volumeflux andthe surfaceelevation of the (long) wavesis usedto determine
the (outgoing reflectedwavesat the next time step. This is thenaddedto the (specified)
incomirng wave motion to updatein time the total wave motion atthe boundary

3.6.2 Cross-shoe boundaries

In thepresenversionof themodel,thereareseseralwaysof specifyingthelateralboundary
conditions which representhe conditiors alongthe upstreamanddowngreamcross-shore
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boundarieqin the senseof the dominatinglongshore current). The following optionsare
available:

¢ A flux boundaryconditioncanbespecified Thevolume flux @, will thenneedto be
prescribedatall pointsof the cross-shoréoundary

e A wall alongthe boundarycanbe prescribed.In this caseboth @, and g—g areauto-
maticallysetto zeroalongthe cross-shoréoundary

e A periodicboundarycondition canbeused.This meanghattheinstantaneosiflow at
eachpoint of oneof the cross-shoréoundariess mirroredat the equivaent point of
theothercross-shoréoundary

Noticethatthe periodicity conditiononly makessenseon a coastwherethe cross-shore
profile is the sameat thetwo cross-shordoundaries.

3.6.3 Shoreline boundary

Thereare presentlytwo optionsfor modelirg the shoreline.Oneoptionis to usea no-flux
condition which follows the still watershorelineposiion. The boundarylocationis deter
minedwithin the programbasedon theinitial conditonsandis thenheldfixed throughout
the entirecompuation. Both the cross-shorandlongshorevolumefluxesaresetto zeroat
theshoreline.

The otheroptionis to placea vertical wall at a very small depth(a few cm) alongthe
shoreline.Only the cross-shoreolumeflux is setto zero,no constraintis requiredon @,
andin generalthe modelcomputes?, # 0 alongthe shoreline. Analysisshows thatthis
usually doesnot influencethe circulation patternnoticeably However, the option of an
artificial shelfat the shorelineis not recommendethecausehis may distub the nearshore
flow significantly

3.7 Wind surfacestress

Thewind-inducedsurfacestresss computedas(ChurchandThornton1993,Smithetal.,
1993)
78 = Cppa|W|Wa (3.59)

whereCp, is the drag coeficient, p, is the air densityand W is the wind velocity at the
standardLOm elevation. The wind dragcoeficient Cp is calculatedrom the formularec-
ommenedby the WAMDI group(1988):

1.2875 x 1073 U<7.5m/s

(0.8+0.0650) x 10 U >75mfs 09

CDZ{
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3.8 Numerical solution scheme

The systemof governing equationg3.31)(3.32)(3.33aresolved usingPredictorCorrector

schemeoriginally developedfor Boussinesgquationsby Wei and Kirby (1995). This is

a centralfinite differenceschemeon a fixed spatialgrid which is implementedwith an

explicit third-orderAdams-Bashfortlpredictoranda third-orderAdams-Mouton corrector
time-steppng schemeln spacehedifferenceschemas fourth orderin thegrid size,except
for diffusion terms(termswith 7,5 andthe 3-D dispersve mixing terms)which aresecond
orderin space.For detailsseeSanchcand Svendsen(1997). In orderto solve the system,
Egs.(3.31)(3.3Rand(3.33) arerewritten sothatonly the local acceleratiorappearsn the
left-handside

OE
5 =F (3.61)

whereE is thevectorquantitygivenby E= [{, Q., Q,]*, andF is thevectorcorresponding
to theright handsideof the continuityandmomentunmequationg3.31),(3.32),and(3.33).

In the predictorstep,Eqgs.(3.6) areapproximatedy the Adams-Bashfortlscheme
El; = E{j + Atag(an F{ + azF{jj‘l + a3F{‘d‘2) + O(At?) (3.62)
where
Qo = 1/12 ap =23 ay = —16 Q3 = ) (363)
At the correctorstep,the Adams-Bashforth-Mouttin methodreads

E}t = EP + Atfo(arFyj + a:FF + BsFF 1) + O(At?) (3.64)

»J

and
Bo =1/12 ap =5 a; =8 By =—1 (3.65)

The grid sizesin the x andy-directions (Azx, Ay respectiely) canbe differentbut are
assumedo be constanbverthe computatbnalregion.

Filters
Filtering of the soluion is usedto avoid unrealhigh-frequeng disturbanceso develop.

Thefiltersimplementedn the codearehigh order
filters which do not createnoticeablenumericaldissipatio.

4 CAPABILITIES AND LIMIT ATIONSOF THE SHORE-
CIRC

The circulation part
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Thecirculationpartof the SHORECIRC solvesthe depthintegratedcontinuty andmo-
mentumequationstherebyproviding informationaboutthe total depthintegratedvolume
fluxesQ,, @, andthe surfaceelevations¢. The vertical variationof the currentvelocities
(in magnitudeanddirection)arecalculatedaswell in the processandthe effect of this vari-
ationis accountedor in the determinatia of the solufons for Q,, @,, and¢ throughthe
dispersve mixing coeficients.

Thederwation of theseequationshave requiredonly thefollowing assumptns:

- it is assumedhat the pressurdn the currentandinfragravity wave motionis hydro-
static.

- it is assumedhat it is possibleto do averagingover a wave period, if neededas a
moving average.

Theserestrictionsarevery mild andthe basiccirculationequationsolvedcantherefore
in generabeconsideredery accuratelnaccuraciegremainly associateavith theway the
individual termsareapproximated.

The computatbns of the nearshorecirculationtakes placein the time domainand it
oftenshawvs that,evenwhentheforcingis constanor slowly varying,theflow patternscan
behighly unsteady(shearwaves,time-varying rip currentsareexamples).

Essentialimitationson the modelaccurag arelinked to the approximatios usedfor
theturbulentstresses:

- Theturbulenceis representednly by arelatively simplemodel.As aconsequencthe
eddyviscosiy governingthe vertical profilesin the wave averagedmotion is constanover
depth.

- Thebottomfriction is only representetdy a simge friction factormodel.

- Theflow in thebottomboundaryayeris notresohed. (For furtherdescriptiorsee3.5).

The wave driver

The computatios of the nearshoreirculationis basedon the distribution of the short
wave generatednasslux andradiationstressesvhich aredeterminedrom thewave driver.
At presenthe REF/DIFFL is usedaswave driver. Thisis impasesthefollowing limitations
onthemodelsystem:

- Theshortwave motionmusthave onewell definedfrequeny anda wave heightwhich
is constanin time. However, thesequantites canbethe peakvaluesof a spectrum.

- The shortwave motionis supposedo have a dominaing direction(parabolicapprox-
imation). However the parabolicmodelusedin REF/DIF1is a "wide anglemodel” which
allows substantialariationsof the wave directionover the modeldomain

- Refledion of the shortwave motionfrom steepslopesandobstaclesannotberepre-
sentedmild slopeassumptia).

The numerical scheme

Thenumericalschemas of high orderwhich allows relatively large grid-spacingsand
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it is normally quite robust. Thoughnumericalinstabilties may occur they areusuallycon-
nectedwith unrealistcally strongvariatiors over the vertical for the velocity profiles. A
possitbe remedyis to increasehe eddyviscosity

However, the presentersionof the modelhassereralnumericalconstraints:

- It is basedon a rectangulagrid in the horizontalplanein the directionof the chosen
coordinatedirections.

- Thegrid sizeis constantn a coordinatedirection(but candiffer in thetwo direction3.
Toolargegrid sizescanlimit theresolutionnearthe shoreline.

the

Work is ongoingto lift someof theserestrictions.

5 USERGUIDE

5.1 Intr oduction

This sectionwill give a brief overview of the SHORECIRGnodelstructureandintroduce
the procedurdor usingthe model. The compiling instructons,inputfiles anddatafiles are
all explained.Also, the operatingnstructonsandmodeloutputarepresented.

5.2 SHORECIRC revision history

5.2.1 Original version of the model

Thiswastheversionusedin the analysisof VanDongereretal. (1994)
e Simplified dispersie mixing
e Analyticalforcing
e Absorbirg/generatindoundarycondition.

e Numericalschemeof O (A3, Az?)

5.2.2 Major changesappearingin versionl1.1

Thiswastheversiondescribedn VanDongeren% Svendser(1997a)
e Firstversionwith quasi-3Deffectsincluded.

5.2.3 Major changesappearingin version1.2

Thiswastheversiondescribedn SanchcandSvendser(1997)
e Numericalschemeof O(A#3, Az*)

e REF/DIFforcing

e Basisfor first standardizedersion
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5.2.4 Major changesappearingin version 1.3

This is the modelversionusedetill the end of 2001 and describedin Van Dongerenand
Svendser(2000).

e Upgradeof quasi-3Dtermsto form describedn this manual
e Wave/curreninteractionincluded.

e Creatednoreuserfriendly environmentwith mary optional features

5.2.5 Major changesappearingin version2.0

Thisis essentialljtheversiondescribedn HaasandSvendser(2000a).
¢ Changediefinitionof the depthaveragedvelocity from V to V,, andV; to V.
e Equialentchangesn thedispersve mixing coeficients.
e Many additionalsmallimprovementsaandbug-remwals

¢ Addedno-flux boundaryconditionfollowing the still waterline

5.3 Overview of model and flow chart.

The Shorecircpackageconsiss of the wave andcirculationmodelaswell asprogramdor
creatingthe topographyandtheinput controlfiles. Notice thatthe wave driver includedis
basedon the REF/DIFE. The REF/DIF usedis basedon the the Modified REF/DIF, Version
2.5,which hasbeenmodifiedfurtherto serne our needs.

The Shorecirgpackages containedn thearchie file sc20.tar,
In orderto extractthefiles usethecommand

tar -xvf sc2 0.tar

Thiswill extract9 Fortranfiles, 3 Fortran“include” files and1 compiling file.
Seven of the Fortranfiles andthe three”include” files comprisethe programcodefor
themodel:

winc_std.main.f
winc_std.deriv.f,

winc_std .timef,

winc_std filter.f,
winc_std.sub1l.f

infilel.f

refdif2v25af

aswell asthreeincludedfiles
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winc_std common.inc
param.h
pass.ifc.

Oneof thetwo additioral Fortranfilesis a programelement
createbath.{

which is includedfor creatingcertainsimpletopographies Runningthis file will interac-
tively guidethe userthroughthe generationThis programelementcancreate

e aplanebeachof ary slope,
e abeachwith aplateaun front

e or anequilibriumtypebeachwith a profile givenby Az™.

It canadda bar, by specifyingits height,width andposition, and placeany numberof
channelsn thebar, specifyingtheir width andlocation.

To input a measuredopographyusersneedto createtheir own files. Note that the
topographydatamust provide information aboutthe water depthat all grid points. The
programwill readcolumrs correspondingo x, y, h values.

TheotherFortranfile,

createinput.f

is usedto createthe usercontrolledinput (otherthantopography¥or operatinghe model.
Thecompiling file

Makefile
produceghe compilaton operationandlinking of the executab files.
The main program and its subroutines.

The centralelementof the modelis the mainprogramcalledmain The functionof this
partis to call all therelevantsubroutires. Most of theseroutinesaswell asthe mainitself
are all includedin the file calledwinc_stdmain.f Theseroutinesprimarily establishthe
backgroundor thecomputatbn andthuspreparegor theintegrationin time thatconstitutes
themajorpartof amodelrun.

The structureof this partof the programis givenin Figure7. Theflowchartshovsthe
subrouthescalledby mainin the orderthatthey arecalledaswell asary othersubroutines
thatarecalledby the subroutnes.
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Main ]7{ Constantvals

)
o pwas )
—~(_ Batymery )

)
)

—>[ Numerical

—>[ Init_output

YES

—(_ shortwave_driver }—=( Refdif

—>[ Refract_longwaves ]

—>[ Friction_factor ]
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—>[ Viscosity ] H[

Deriv

)

—>[ Initialsteps FH[ Bottom_friction

)

—>< Steady_wave_forcing) H[

Betachar

)

—>[ Time_model ]

Figure7: Flowchartof the programstructure.
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The last routine which is calledby mainis the routinetime_mode] locatedin the file
winc_std timef, which performsthe time integration. During this processs alsocalleda
seriesof additionalsubroutines. Theseroutinesare containedin the other programfiles
listedabove. Thestructureof the subroutingdime_.modelis shavn in theflowchartFigure8.
Theflowchartshovs the orderin whichthe calculationsareperformed.

Note that most pertinentresultsare calculatedduring the time integration. Therefore
mostof the outputfiles are generatediuring the time computatio within the time_model
subroutne.

List of program subroutinescalled from main

Thefollowing is a list of the subroutinesalledfrom main It alsoidentifiesthefilesin
whichthey arelocated.

main Themainprogramwhich callsthefollowing routines.Containedn
winc_std main.f

constantals This definesthe physcal and mathematicatonstants. Containedin
winc_std.main.f

inputvals Theinputfile is readfrom this subroutne. Containedn winc_std_main.{

topagraphy. Thisspecifiegshetopogaphy eitherfrom afile or analytically Contained
in winc_stdmain.f

numerical This setsup the numericalparametersContainedn winc_std main.t
init_output Thisinitializesthe outputfiles. Containedn winc_std-main.f

refract longwavesCalculategshe angleof incidenceof long wavesenteringthe com-
putational domainfrom outside.Containedn winc_std.main.f

shortvavedriver. This routinecallsthe shortwave driver (REF/DIF) andcalculates
the short-wave parametersThisincludesthe radiationstressS, g andthe shortwave
inducedmasdlux, Q... Containedn winc_std main.f

friction_factor. This calculatesa spatiallyvaryingbottomfriction factor It caneasily
be subsitutedby a constanfriction factor Containedn winc_stdmain.f

viscosity This evaluatesthe turbulent eddy viscosiy coeficient, v;. Containedin
winc_std main.f

initialsteps In this subroutire the arraysfor timesteps = —2At, —At, 0 arefilled.
Containedn winc_std.main.f

waveforcing. The subroutne which is usedto calculatethe termsfor the velocity
profile usingthe shortwave parametersContainedn winc_std.sub1.f

27



Quasi-3DNearshoreCirculationModel SHORECIRC

[ Time_model )—>[ predcor

Initialize arrays

H( deriv

i

Start time loop

r-- *>[ UV_profile

)
Bottom_friction j
)
)

Y r-- *>[ coefcalc

i - Predic@

. Update variables
I Shoreline BC
[ Steady_wave_forcingj
A
Lo Absorb/Gen BC

[ Short‘\:vave_driver ) H( deriv ]

H[ Bottom_friction j

=< Tubulent mixing >

# . Update variables
Write output files
> Shoreline BC

Roll time levels
il Absorb/Gen BC

If nt/wc =
integer

Corrector step

Q

[ Shapdl

NO Ifnt=
ntime

YES

Write final output

Figure 8: Flowchartof the subrouine time.model Rectanglesepresensubroutinesand
ovalsrepresentalculationsvithin time_model Dashedinesrepresenbptionalcalculations.
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refdif. The subroutire containingthe REF/DIF model,calledin the subroutne short
wavedriver. Containedn refdif2v25a.f

The time-integration componert and its subroutines

This sectionlists theroutinesusedin thetime integrationandalsoidentifiesthefilesin
whichthey canbefound.

time_model Thisis the bulk of the programwherethe time loop is performed.The
restof the subroutiresarecalledby this subroutire. Containedn winc_std timef.

betatar. Calculateghe betacharacteristicor the absorbing-generatingoundary
condition. Containedn winc_std main.f

bottam_friction. Calculateghe bottomfriction for the momentun equations.Con-
tainedin winc_std.main.f

average_3ptx Performsa 3-pointaveragein the x-directionfor every row in they-
direction.Containedn winc_std main.t

average_3pty. Performsa 3-pointaveragein the y-directionfor every row in the x-
direction.Containedn winc_std.main.{

UV _profile. This subroutire calculategshelongshoreandcross-shoreerticalvelocity
profiles.Containedn winc_std subl.f

coefcalc Calculateghe 3-D dispersiorcoeficients. Containedn winc_std subl.f

shapdl This subroutire is the Shapirofilter calledfrom several of the subroutines.
Containedn winc_std filter.f.

predcor. This subroutne calculateghe coeficientsto be usedin the predictor cor
rectornumericalscheme Containedn winc_std derivf.

deriv. Thisis thesubroutinecalledwhencalculatingthespatialderivatives.Contained
in winc_std derivf.

splinex. This subrouine is called by derv and actually calculateshe 4th order x-
directionspatialderivatves.Containedn winc_std deriv.f.

spliney. This subroutne is called by derv andactually calculateshe 4th ordery-
directionspatialderivatves.Containedn winc_std deriv.f.
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5.4 Interaction betweenshort wave driver and curr ent model

Therearetwo optionsfor incorporatingthe short-wave forcing.
Short-wavesforcing with REF/DIF

Thefirst optionis to usetheembeddedvave driver REF/DIFE In thecodethewave driver
andthecirculationpartof thecodearecommunicatig via acommonblock containedn the
file pass.inc To functionthis way the wave driver mustprovide

e thewave heightH,
e thewavedirectionanglea,,,
¢ thephasevelocity ¢, andthegroupvelocity c, for thewaves

Thecommonrblockalsoincludesheparametersequiredto describehecurrentsl/,,,, which
areusedby theshortwave driver.

The shortwave_driver subroutire calculateghe shortwave forcing parametergrom the
dataprovidedby theshortwave driver. Thisincludes

o theradiationstressS, g,

theshortwave inducedmassflux, Q,«,

thebottomwave particleamplitude u,,

thebottomshearstressrz, and

fo usedin thecurrentvelocity profiles.

Short-wave forcing from files

Thesecondptionis to have the modelreaddatafiles createdby a separatevave driver.
Therequiredfiles are

e sxx.datcontainsS,,

e sxydatcontainsSg,

¢ syydatcontainsS,,

e gwdatcontainghe short-wave volumeflux
¢ height.cit containghewave height

e angledatcontainghewave angle
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diss.dt containghedissipation dueto wave breaking

u0.datcontainghe amplitude of the bottomorbital velocity

k.datcontainghe wave number@)

freq.datcontainghefrequeny (%)

fx.datcontainsf, givenby 3.21

fy.datcontainsf, givenby 3.21

tsx.datcontainghe cross-shorsteadystreamingstress
e tsyda containghelongshoresteadystreamingstress

The files mustinclude a value for the wave heightat eachgrid point with the following
format

do i=1, nx
read(8,*) (H(i,j),]j=1,ny)
end do

5.5 Input files

Two typesof inputfiles are usedin the Shorecircmodelingsystem:controlfiles anddata
files. They areexplainedin thefollowing two subsections.

5.5.1 The control input files

The controlinput files arethe files that control the variousmodesof the model. They are
containedn theindat.dat(for Ref/Dif wave driver part)andinput winc.dat(for thecircula-
tion part).

The REF/DIF1 control file indatdat

The detailsfor this file arein the Ref/Dif manual. We have not includeda printout
of indat.datbecauseahe form of it canvary basedon the choiceof parametersUsersare
referredto the manualfor the REF/DIF1 modelin Kirby and Dalrymple (1994),which is
valid eventhoughwe usea modifiedversion2.5 of themodel.

Make surethe grid parametersnatchbetweerthe circulationandshortwave input con-
trol files, althoughwhenusingcreatedat(seebelow) they will alwaysmatchproperly The
following list providessomeguidelinesfor the mainparametersisedin indat.dat

e icur=1 (always)

e ibc: Ofor lateralwall boundaries] for all others
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dxr = dx (this model-notatn)
dyr = dy (this model-notatn)

freqs= shortwave period(seconds)

e amp= shortwave amplitde (= H/2)

e dir = shortwave directionin degreescounterclockwisefrom the x-axis

The parametelk representshe wave heightto waterdepthratio H/h at the initiation
of breaking.When H/h exceedss the wavesstartbreaking.Similar when H/h decreases
below v thewave breakingstops.Default valuesfor « and~y are0.78 and0.4, respectiely.

The circulation control file inputwinc.dat

Thisfile containsseverallists of variableswhich the usercanchangewithouthavingto
recompilethe program. Thefile formatis asfollows (theterminolog usedin thefile listing
is describedn moredetailafterthelisting)

Control of modelmode

\ begi n{item ze}

&BOUNDARY

IBC1 = 2 or 4
IBC2 = 4 or 6
IBC3 =1, 4 or 5
IBCA =1, 4 or 5
&GERI DS

DX = (m

Dy = (m

NX = #

NY = #

NXWALL = i
HTTIDE = (m
&SHORT_WAVE
PERI CD = (s)
WC = (#)

AVERCGE = real
FILES = 0 or 1
&PHYSI CS

FCW = real
VTSHEAR = real
MDI SS = real

2 Absorbing/ generating, 4 wall

4 wall, 6 no-flux
1 specify flux, 4 wall, 5 periodic
1 specify flux, 4 wall, 5 periodic

cross-shore grid spacing

| ongshore grid spacing

nunmber of cross-shore grid points
nunmber of | ongshore grid points
wal | | ocation

tidal |evel

short -wave peri od

nunber of time steps between short-wave update
Coefficient for roller transition

O use RRD, 1 read files

friction factor
eddy viscosity coeff Cl k
eddy viscosity coeff M
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CS = real
WND VEL = (n1s)

WND DI R = (degrees)

DISP3D =1 or O
&CONTROL

CR = real

NTIME = #

KOLD_START = 0 or

DEPTHM N = (m)

DELAY = (s)
\end{item ze}

Control of model output

&SENSOR

JUW = #
XSENSOR = |
YSENSOR = j
YPROFI LE = |
&OUTPUT

| NTERVAL = #
TAVGOUT = 1 or O
MOMOUT = 1 or O
DISPQUT =1 or O

Smagor i nksy coef f
wi nd velocity

wi nd direction

1 3D, 0 2D

Cour ant nunber

nunber of tine steps

O hot start, 1 cold start
m ni num dept h

time for

nt er val

ranpi ng short-wave forcing.\\

for witing tine series

| ocation of tine series

[
[
j location of tinme series
j

| ocation for vertical profiles

i nt erval

1 wites,
1 wites,
1 wites,

for witing snapshots
0O doesn’t wite tinme averages
0 doesn’t wite nmonentum bal ances
O doesn’t wite 3D coefficients\\

DESCRIPTION OF CONTROL INPUT FILES

Control of the model mode

Thevariablesn the circulationcontrolinputfile aredefinedbelow.

e Field &8BOUND ARY

— ibcl: boundaryconditontypeonz = 0 (offshore).Takesvalues2 or 4.

— ibc2: boundaryconditontypeonz = L, (shore).Takesvalues4 or 6.

— 1bc3: boundaryconditontypeony = 0 (lateral). Takesvaluesl, 4 or 5.

— ibc4: boundaryconditontypeony = L, (lateral). Takesvaluesl, 4 or 5.

Thesenumericalboundaryconditionparametersanhave thefollowing values:

— 1: flux specifiedn files qyb3.inandqyb4.in

— 2: absorbinggeneratindooundarycondition.
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— 4: noflux/ straightwall.
— 5: periodicity

— 6: no flux following still waterline. The programidentifiesthe locationof the
shorelineby sweepinghrougheachj andfinding the lastgrid point wherethe
depthexceedghe minimum depthspecifiedoy depthmin.

For furtherdetailsseealsosection3.6

e Field &GRID

— nx: numberof grid pointsin z.

— ny: numberof grid pointsin y.

— dx: grid spacingAz.

— dy: grid spacingAy.

— nxwall: Positionof straightwall whenibc2=4(i=?).

— httide: Tidal waterlevel addedto the deptheverywhere(m).
Thusthesizeof themodeldomainis essentiallyspecifiedhroughthe specificatiorof
thesesix variables.

Thedefaultmaximumgrid in theprogramis 200«200. Changesn thisdefaultrequires
thefollowing programchanges:

— Inwinc_std. common.inchanggarameteraxm, nym andnmax (= max(nxmnym))

to desiredvalues.
— in winc_std filter make similar changes.
— in param.hchangezr, iyr to equalnzm, nym
Properchoicedor thevaluesof Az andAy arein therangeof 1 — 2 timesthedepthof
breakingfor the caseyou arecomputng. Becauseahe discretizatiorof the equations
usesfourth order expressiondor the spacederiatives this will give a quite good

representationf spacialvariationswith normalnearshoréengthscales.Smallergrid
sizescangive betterresolution but alsoincreaseahe computaibn time.

e Field &SHORT_WAVE

— period:theshortwave periodin seconds

— wc: specifiegshenumberof time stepdbetweereachrecalculatiorof theforcing.
A valueof 0 turnsoff thewave/currentnteraction
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— amepge: Coeficient for transiton length,typically around5. Increasingt will
increasehetransitionlength.

— files: A valueof 0 usesRef/Dif to calculatethe wave forcing anda valueof 1
readshewave forcing from files.

A rule of thumbis to updatethe shortwave forcing onceevery 1 to 5 shortwave pe-
riod whichwill bearound30to 200time steps.

e Field &PHYSICS

— few: thebottomfriction coeficient. Typicalrange0.005 < f.,, < 0.03
— vtshear:itheeddyviscosiy coeficientC;« in (3.49). Typically 0.08.

— mdiss:the eddyviscosity coeficient M in (3.49). Typical range0.05 < M <
0.1. A valueof M = 0.08 isrecommended.

— cs:the Smagorinksyeddyviscositycoeficient. Typicalrange0.05 < C < 0.25
— wind_vel: thewind velocity W in (3.59)in m/s
— wind_dir: thewind directionin degreescounterclockwisefrom the x-axis

— disp3d:Valueof 1 usesdepthvaryingcurrents0 usesdepthuniform currents.

Notice thatchoosingthe option 0 (depthuniform currents)impliesthatthe dis-

persve mixing is turnedoff exceptfor certaintermsassociatedavith 2,,. The
only lateralmixing is thenprovidedby v; in (3.49). As mentiored chapter3.1.2
thiswill usuallyprovidetoolittle lateralmixing (seealsoPutreszu andSvendsen,
1999for discussion).

e Field &CONTROL

— cr: Courantnumber(maximun=0.5). Although somecasescanusea Courant
numberupto 0.8. Thecr is definedas

cr =/ ghmaz At/ Ax (5.1)
whereh,,az is thelargestdepthin the computatbnaldomain.

— ntime: numberof time steps.

— kold_start: 1 meanghe modelis startedfrom zerovalues,0 indicatesthata hot
startwill beused.

— depthmin: minimum depth(positive smallvalue). The depthuniform velocity
is found by dividing the volume flux by the total depthandis usedin mary
calculations.Whenthe depthgetstoo small this can causethe velocity to get
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too large andblow the modelup. Depthmi will be the minimum depthusedin
all calculationgrevening this from occurring.Usevaluesaround0.01for field
and0.001m for laboratorysimulations.

— delay: At cold startsthe forcing for the flow is rampedin orderto reduceinitial
oscillatiors andpreventinstabilities. A tanh?(t/delay) rampingwith a suitabk
time constantdelay(seconds) is usedto phasein the forcing from zeroto full
value. This alsocontrolsthe delayfor computingthe time-averagedjuantities:
time-averagingbeginsafterdelay*5.

- Usevaluesaround40-80s for field conditions
- and10-20sfor laboratorysimuations.

Make surefor hot startsto setthis parameteto a smallvaluesuchas0.01s.
Notice that when the absorbinggeneratingboundarycondition is usedalong
someof theboundariesry oscillationinitiated by the upstartof the motion will
usuallypropagateutof the systermuite quickly. However, if theall boundaries
arereflectingwalls (asin a closedbasin)or boundariesvherethevolume flux is
specifiedthenoscillationsinitiatedat startmaylastvery long. Suchoscillations
canbe reducedsignificantlyby choosinga value of delay which is reasonably
large in comparisorto the basicoscillation periodsof the basin/corputational
domain. checkyour outputfor signsof basinoscillatiors and chosedelay ac-
cordingly.

Control of output

e Field &SENSOR

— jump: Theinterval (numberof time steps)which the time seriesarewritten to
files. Typically shouldbearound10.

— xsensor:This field is a vectorthat containsthe x-grid point numbersequested
by the userfor the outputof time variationof ¢, Q5. (A maximun of 20 lo-
cationscan be specified. If therearelessthan 20 thenthe last one shouldbe
specifiedas0). Numbersarein grid units betweenl andnz. Eachpair (xsen-
sor(i),ysensor(i))dentifiesa singlepointx andy-coordinates.

— ysensorvectorcontainingthey-grid pointnumbersfor outputof time variation
of ¢, Qz. Numbersn grid units,betweenl andny.

— yprofile: vector containirg the y-grid numberfor the locationfor the vertical
currentprofiles. The variation of in the cross-shorelirection of the vertical
currentprofilesarewritten along8 sections.Must have exactly 8 j coordinates.
A valueof O for thefirst onewill suppresshefile output
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e Field &OUTPUT

— interval: intenval at which “snapshots of the flow variablesaretakenfor output
files.

— tavgout: Determinesf the thetime-averagedpropertieswill be written to files
(thefort.5xx series).A valueof 0 turnsit off anda valueof 1 turnsit on

— momout Determinesf theinstananeousmomentun balancewill bewrittento
files (thefort.6xx series).A valueof 0 turnsit off anda valueof 1 turnsit on

— dispout:Determinesf the 3D dispersve coeficientswill bewrittento files (the
fort.7xx series).A valueof 0 turnsit off andavalueof 1 turnsit on

5.5.2 Datainput files

The data files containthe input of backgroundnformationfor the model computatios:
the bottomtopographydatafor hot startof the model,and datafor the specifiedvolume
flux alongcross-shordoundariegwhenthat optionis used). The following datafiles are
available:

e bath.da: topographydatain 3 columns:x, y, depth. The orderof the pointsis arbi-
trary andthe programwill checkto make sureadepthvalueis specifiedfor everygrid
point andthatthereare no duplicates.For moreinformationon topographyoptions
seeunder5.7.

e qyb3.in: (optional) Volumeflux specifiedat cross-shordoundary3 in one column
startingatz = 0.

e qyb4.in: (optional) Volume flux specifiedat cross-shordoundary4 in one column
startingatz = 0.

e hot0.dd: (optional)Datafile for hot startt = 0. Thisfile is automaticallygenerated
attheendof a(previous)modelrun.

e hotl.dd: (optional)Datafile for hotstartt = —dt. Thisfile isautomaticallygenerated
attheendof a(previous)modelrun.

e hot2.dd: (optional)Datafile for hotstartt = —2dt. Thisfile is automaticallygener
atedattheendof a (previous) modelrun.

5.6 Compiling instructions.

Important!!! For reasonsf efficiency the codeis setup to write to mary datafiles in
binary form. As the first stepwhencompiing on differenttypesof platformsthe record
lengthfor writing directbinary files mustbe checled andadjusted.Writing to binary files
occursin mary locationswithin the two files winc_stdmain.fandwinc_std_timef. Do a
search-and-replaasithin thesetwo files to fix this problem. The recordlengthfor some
known platformsarelistedasfollows,
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CRAY : recl=1*ry

SGI: recl=1*ry
e PC: recl=4*ry
e Solaris: recl=4*ny
e Digital : recl=1*ny

Compiling in Unix/Linux
The Makefile for compiling andlinking is includedin the code. In orderto createan
executablecodethreeprogramaeedto be compiled,all at onetime, usingthe command

make shorecirc

Thenamesof theresultirg threeexecutabldiles neededare

winc,
createbath
createdat

To compile only oneof the programsusethefollowing correspondingommandisted
below:

make w nc
make createbath
make creat edat

TheMakefilewill checkto seeif ary componentf the programhasbeenchangedthen
compilethatfile andcreatethe executabldfile.

Compiling in Windows

Theprogramhasbeentestedwith FortranPower Stationin Windows. To createthe exe-
cutableprogramfor generatinghetopographyompileandbuild create bath.fandwinc_std.common.inc
To createthe programfor generatingthe input files compile and build createinput.f, in-
filel.f winc_std.common.incand param.h To createthe SHORECIRCexecutablepro-
gramcompile andbuild winc_std.main.f winc_std deriv.f, winc_std_timef, winc_stdfilter.f,
winc_std subl.finfilel.f refdif2v25a.f
winc_std. common.ingparam.handpass.inc
C-preprocessors

A versionof the modelutilizing C-preprocessorsasbeentested. This versionof the
modelwasonly mamginally fasterthanthe currentversian. Using C-preprocesorswould
requirethatthemodelberecompiledevery time oneof the parametergs changedBecause
the currentversionallows mostparameterso be changedwithout recompilingandis not
muchslower, we decidedhotto includethe preprocessooptionin thisversionof themodel.
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5.7 Operating procedue

This sectionwill explainthe procedurdor runningthe model.

Thefirst stepis to createthetopographyfile bath.da.

If you wantto useone of the simple topographiesiescribedin Section5.3 this can
be doneusingthe programcreatebath This programwill interactvely askfor a seriesof
parameterandusethemto createthe simpletopographyof your choice.The programwill
endby creatingthe files bath.datand dim.dat The latter file is usedby createdatwhen
creatingtheinputcontrolfiles.

However, you canalsocreatea bath.datfile usingyou own topographyby following the
formatdescribedn thesection5.5.2.

Thenext stepisto usetheprogramcreatedato createtheinputcontrolfilesinput. winc.dat
andindat.dat This programasksinteractvely whatvalueto usefor all the parametersn
the input files. The programwill give you the optionto usethe dimensims from create-
bathin thefile dim.dat Thedetailsfor all the parameter input.winc.datarelistedin the
next section.The detailsfor indat.da canbe foundin the REF/DIF manualalthoughsome
guidelireshave beenprovidedin the next section.

Thecreatebathandcreatedafprogramsareprovidedfor easymeansof creatingthefiles
initially. However, againtheinputfiles do nothave to becreatedusingthoseprograms.You
cancreatethemby handusingthe guideliresin the next few sections.If you only needto
changeafew parametershis canbeaccomplisked by simply editingthefiles directly.

The modelcanbe operatedvith oneof two differenttypesof initial conditions a cold
start or ahot start.

Cold Start

In a cold startthe initial conditiors correspondo no flow or forcingatt = 0. At thattime

theforcingis startedout in orderto preventunrealistiqandpotentiallyunstablepscillations

to developtheforcingis rampedup from zeroatt = 0 toits full valueoveraperiodor some

time stepspasednthevalueof thedelayparametechosenn theinput winc.datinputfile.
Whenrunningthe programtherewill bea prompt

Load stresses? (0=no, 1=yes)

By typing in O the programwill stoprunning. At this point the programwill have created
the topographyandwritten it to a file calledfort.311 which canbe checled to verify the
modelis usingthe correcttopography

Thenext stepis to runthe programagainandcalculatetheforcing by hitting 1. Thenext
promptwill be

Start current nodel ? (0=no, 1l=yes)

It is usuallybestto hit 0 andstopthe programagainto checkthattheforcing is calculated
correctlyby checkingthe outputfiles describedn the next section.

If everythng checksoutthenthe programcanberun by startingthe programagainand
hitting 1 twice.

39



Quasi-3DNearshoreCirculationModel SHORECIRC

Sincemodelrunscantake a long time, a goodideais to run the programin the back-
groundby usingthe following commandor sometlng similar),

W nc < screenin > screenout &
Thefile screenin containghefollowinglines,

1
1

This file produceghe two keystrokesrequiredto run the model. The otherfile, screenout
will becreatedduringthe computaton with all of the screeroutputwrittento it.

Hot Start

The modelalsohasthe option of beingoperatedrom a hot start. A hot startrequires
input of a setof realisticvaluesat all pointsfor the dependenvariables(, @, andQ, for
threeconsecutie time steps. Usually this informationis obtainedby storingthe value of
all variablesfrom the lastthreetime stepsin a previous modelrun. Hencethe hot startis
particularlyaimedat makingit possibleto restart(andhenceextend)analreadyperformed
modelrun.

In themodelthis optionis only providedwhenletting the compuationrun to theendof
thetime specifiedin theinput. Beforestoppirg the modelwill thenautomattally generate
the 3 files, hot0.dat, hotl.datandhot2.dat which containthe requiredinformationfrom the
lastthreetime stepsof therun. The modelcanthenberestartedby changingthe parameter
kold_start to 0 andusingthosethreefiles asthe input for time stepst = 0, t = —dt and
t = —2dt in the continuaton of the previous run. Whendoing a hot startmake surethe
delayis setto somesmall smallvaluesuchas0.01s. Otherwise the operatingprocedure
remainghe sameasthe cold start.

5.8 Model output

This sectionwill describehe modeloutput,bothonthe screerandwrittento files.

5.8.1 Screenoutput

Thescreeroutputis fairly simpleandis only really usefulfor deluggingpurposesWhenthe
modelis startedit will write to the screenwhich subroutheit is working on. The program
alsowrites several of the userdefinedparametersothe usercanconfirmthatthe modelis
runningproperly Oncethemodelgetsto thetime loop it will write thefollowing,

Start Tinme Loop

step 10
step 20
step 30
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wherethe numberis the currentstep. This is repeatedvery ten stepsuntil themodelrunis
done.
Whene&erthemodelwritesoneof the”snapshotsthefollowing is writtento thescreen,

10001 316. 1297809700816 120

wherethefirst numker is the stepnumber the seconchumter is the actualtime associated
with thatstepnumber andthelastnumberis thefile whichis beingcreatedseethelisting
of snapshotiles below).

Whenthe programis doneit will write to thescreen

end

signaling the completon of themodelrun.

5.8.2 Output to files

The programwrites its outputto files with namesfort.xxx. The xxx representhiumbers
which differentiatethe outputfiles. The outputfiles arelisted asfollows with boththe the-
oreticalandthe Fortranvariablenamedisted. The possble valuesof the indices(i,j) are
indicatedfor eachgroupof files. Wherenothingelseis indicatedthe files provide the pa-
rametervaluesat thelasttime stepof the computaion.

Printing out of input information

e Thefile statis.datcontainghefollowing informatian
dx,dydt,cr
nx,ny,ntime,intenal

e Thefile numbersl — 49 arenotused.
Snapshotsof surface elevations, and depth averagedvelocities

e Time Seriesof certainvariablesarewritten every jumptime steps.Thevaluefor jump
is specifiedn inputwinc.dat

- 51 —» 70 Thesefiles will containthe time seriesof watersurfaceandvol-
umefluxesatthe (i, j) choserfor the xsensormandysensolocations(max 20).
Theoutputis ¢ (zetan(i, j)), Q. (gzn(i, 7)), and@, (gyn(i,j)). Eachfile cor
respondgo onesensoiocation.

e 100 —» 310 Thesefiles containthe snapsha (up to atotal of 211)which aretaken
everyintervaltime stepof thewatersurfaceelevation ¢ (zetan(i, 5)) andvolumeflux
Qz (gzn(i, j)), andQ, (qyn(i, j)), respectidy, atall grid points(i = 1:nx,j = 1:ny).
Thefile createchtt = 0 isnumbered 00. As eachnew file is createdateveryintenval,
thefile numkeris incrementedip by 1. Thesefiles arewrittenin binaryformat
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¢ Printoutof input and shortwave forcing variablesis madeat all grid points (i =

1

: nz,j = 1 : ny). The constantvariables,suchastopographyare only written

onceatthe beginning. This appliesto the shortwave forcing whenno wave-current
interactionis invoked. However, when utilizing wave/currentinteractionvariables
suchaswave height,changewith someinterval. The files containingthosevariables
are then overwritten every interval time step. Hencethesefiles always containthe
valuesat the last time stepof the intervaloutputs. Again theseare all written in
binaryformat.

Topography information

e 311 topographyh,: ht(z, j).

e 312 Cross-shorelepthgradientsgwig: dhodzn(i, 7).

e 313 Longsmredepthgradients%%: dhodyn(i, j).
Short wave data

e 314 Shortwave heightH: H(i, j).

e 315 Shortwave anglein degreesa: theta(i, j)/m * 180.

e 316  Shortwave celerityc: c_sw(i, j).

e 317  Shortwave breakingindex ibrk(i, j). Valuel meansbreakingand0 means

non-breaking.

e 318 RadiationstresscomponentS,,: Szx(i, j).

e 319 RadiationstresscomponentsS,,: Szy(i, j).

e 320 RadiationstresscomponentS,,: Syy(i, 7).

e 321 %83%: dSzxdxn((i, 7).

o 322 %agj”: dSzydzn((i, 7).

e 323 %BS;”: dSzydyn((i, 7).

e 324 %6‘;;”: dSyydyn((i, 7).

e 325 Shortwave bottomparticlevelocity u,: u0(z, 7).

e 326 Shortwave cross-shor@olume flux Q.: quwz(i, ).
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e 327 Shortwave longshorevolume flux Q.,: quwy(s, j).
e 328 Shortwave dissipaion D: dissipation(i, j).
e 329 Smoothedreakingindex newibr(i, j) usedwhencalculatingy;.

e 330 Eddyviscosiy v,: v_t(i, 7).

Velocity profile information

e 401 — 408 Cross-shorsectionf the coeficientsfor theverticalvelocity profiles
definedby equationg3.12),(3.13)and(3.22). Theselocationsare specifiedby the
input parameteyprofile in inputwinc.dat For onechosery thevariablesarewritten
outin the following order startingfrom the offshoreboundaryat: = 1 andgoing
shorevardto i = nx:
d1x(i,j), 1x(i,)), f1x(i,j), f2x(i,j), d1y(i,)), e1y(i,j), f1y(i,)), f2y(i,j), ht(i,)), zetanpl(i},
gxnpl(i,j),qynpl(i,j),uda4(i,j),uda3(i,j),uda2(i,j),vdaa(i,j),vda3(i,j),vda2(i,j),udb4(i,j),
udb3(i,), udb2(i,), vdb4(i,j),vdb3(i,j),vdb2(i,j),udw4(i,j),udw3(i,j), udw2(i,j), vdw4(i,j),
vdw3(i,j), vdw2(i,j), udc(i,j), vdc(i,j), gwx(i,j), gwy(i,j) which provides35 columns
with nx rows. Thefiles arewritten in ASCII formatevery interval time steps.every
time overwriting thefiles from earliertimessothatonly thelastvaluesarekept.

Long term averagedresults.

e If tavgout= 1, thenlong term averagedvaluesof the shortwave averagedvariables
arecalculatedrom ¢ = 5 * delay till theendof therun. Thisimpliesthatunlesgotal
runningtime specifiedor themodelis largerthan5 x delay therewill beno outputfor
longtermaveragedvalues.If so,awarningis written to the screerof thecomputer

In thefollowing "cross-shoretefersto x-components’longshoreto they-components
of theequations.

Theresultsarewrittenin binaryformatat the endof the modelrun andcanbe found
in the outputfiles listed below by their file number:

— 501 %: adqzdz(i, j) * inv_average.

— 502 %: adqydy(i, j) * inv_average.

— 503 Cross-shordottomfriction component%B:
africtz(i, j) * inv_average.

18 ¢

— 504 Cross-shorwrbulentmixingM-y h

adtaudy(i, j) * inv_average.

. Tayd2):

— 505 Cross-shor@ressuregradientghg—g:
adzdz(i, j) * inv_average.
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— 506 i(Q”z): aqrqzdx (i, j) * inv_average.

— 507 a%(Q”h%): aqzqydy(i, j) * inv_average.

— 508 Sumof all 3-D dispersiorterms

_a_az (Mwy) - a%(Myy)

+a%[( oy + Buy) gy (%) + Dy (%) + Daw (3

+D z\ h )
[Byya‘”( 0+ 2Dwy8w(%) + (2Dyy + Bwy)z‘%(%)]

[Awyw W+ Awyy h aa [Ayysv n Ayyy ]
adzsp:r(z,]) * iNU_average.

— 509 Longshorebottomfriction component?:
africty(i, j) * inv_average.

— 510 Longshoraurbulentmixing. ;3‘1 Cho Toydz):
adtaudz (i, j) * inv_average.

— 511 Longshorepressuregradient.ghg—g
adzdy(i, j) * inv_average.

- 512 a_y(QT) aqyqydy(i, j) * inv_average.

%(%); aqrqydx (i, j) * inv_average.

- 513

— 514  Time-areragedongshore3-D dispersion
_a_a:c(Mwy) - a%(Myy)

z 9
_%[Awywi +Awyy h] By [ yyzT h yyy h]

adispy(i, J) * inv_average.
— 515 Watersurfaceelevation C: azeta(i, ).
— 516  Cross-shor@olumeflux Q,: agzn(i, 5).
— 517  Longshorevolumeflux Q,: agyn(i, 7).

~ 518 2 (%) calculatedrom time-averagedjuantites.
~ 519 ay("z””hQ-”) calculatedrom time-averagedjuantities.

- 520 aw(Q“” ) calculatedrom time-averagedjuantities.

— 521 ay(Q” ) calculatedrom time-averagedjuantities.

— 522 Cross-shor@ressuregradientcalculatedrom time-averagedquantities
ghg—g.
T
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— 523 Longshorepressuregradientcalculatedfrom time-averagedquantities.
o€
95y
— 524  Cross-shordottomfriction calculatedrom time-averagedquantities.
— 525  Longshorebottomfriction calculatedrom time-averagedjuantities

Termsin the instantaneousmomentum balance

e If momout= 1, thentermsin the instantaneoumomentumbalancearewritten every
intervaltime steps.Writtenin binaryformat.

_ 601 _%%: —force_xx(i, j, t).

- 602 _%a;’%: —force_xy(i, j,t).

— 603 Cross-shordottomfriction component- ? — frictz(i, 7).

— 604 Cross- shordaurbulentmlxmg 10 fh Teydz): dtauzdy(i, j).

- 605 Cross-shor@ressur@rad|ent—ghg—§: —g* htt(i, j) * dzetadxstar(i, j).

. . 2
— 606  Cross-shor@onlinearcorvectiveterms— 2 (%) — 2 (%),
Y

—qzqrdz(i,j) — qrqydy(i, 7).

- 607 —%ag%: — force_xy(i, j,t).

- 608 _%as‘;y: —force_yy(i, j,t).
— 609 Longshorébottomfriction component— — fricty(i, 7).

— 610  Longshoreurbulentmixing 12 fh Txydz): dtauzdz(i, 7).

- 611 Longshorepressuregradlent—gha—g: —g * htt(i, j) * dzetadystar(i, 7).

— 612 Longshorenonlinearcon/ectiveterms—%(QTVZ) — 2 (Ly;
—qzqydz(i, j) — qyqydy(i, j)-
— 613 Cross-shor&-D dispersion

_3% (Mm) - % (Mwy)

+531(2Dan + Bea) () + 2o () + B o3 (7]
- 2(Dny+ B) (5 + D (8) + Do (9) + (Do + B) (%)
- %[Amm noT AM@/T] @[Amym% + Awyy%]:
dispz (i, 7).
— 614  Longshore3-D dispersion
_é%(Mcvy) - ,%(Myy)
+ 2[(Day + Buy) 25(9) + Dy (92) + Daa (%) + (Day + Buy) 2 (52)]
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[Byyam( o)+ 2D“93 (Ty) (2Dyy + Bwy)ai(%)]
~ gzl Asye %m + Awyy e _[ yyz %m + Ayyy el
dispy(i, 7).

— 615 Cross-shoréocal acceleration-22=: —(gznpl (i, j) — qan(i, 5))/dt.
— 616 Longshordocal acceleratlon—aQy. —(qynpl (i, j) — qyn(i, 7))/ dt.

— 617 2(L):

qrqrdz(i, 7).
- 618 2 () qugydy(i, j).
~ 619 %(QTv):

qyqydy(i, 7).
— 620 2 (%) grgyda(i, ).

— 621 Cross-shorevind streSSf: windy(t).

’TS .
— 622 Longshorewind stress-: wind,(t).

e 701 Position of the lastwet point nza(i, j) writtenin ASCII every interval time
steps.

The valuesof the dispersive mixing coefficierts.

e Whenthemodelis runin quasi-3Dmodeanddispout= 1, thenthe dispersve mixing
coeficientsarewritten every interval time steps. Theseresultsarewritten in binary
formaton thefollowing files (which areoverwrittenat eachinterval time steps):

— 746 Bag: Bxx(i, j),Bxy(i, 7),Byy(i, j)

— 747 D,p: Dzx(i, j),Dzy(i, j),Dyy(i, j)
S8 May: Maa(i, ), May(i, ), Myy(i, j)
— 749 Appe: Azzx(i, j),Azyx(i, 7),Ayyz(i, j)
— 749 Aupy: Azzy(i, 5),Axyy(i, 7),Ayyy(i, 7)

Data for next hot start

— hot0.dat hotl.datandhot2.datarecreatecattheendof every modelrunandcan
be usedfor a hot start. They containwaterlevelsandvolume fluxesfor the last
threetime steps.
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x (m)

Figure9: Topographyusedin thetestcase.Createdby plotbathm

5.9 Testexamples

Thefollowing testresultsareprovidedto helpuserscheckthe correctfunctionof themodel
andshov examplesof the useof themodel. Inputfiles for thetestcaseandMatlabfiles for
generatinghefiguresareincludedin thefile testcase.tar.

5.9.1 TestCase:A stationary longshore current on along plane beach

Thistestcasedescribesheflow thatyou shouldgetaftersufficiently longtime (of theorder
5000time steps)whenrunningthe modelfrom cold starton a ("long”) planebeach.The
topographyis shovn in fig 9.

This figure also shavs the computationaldomain. Formally the beachis "infinitely
long”. In the computatios this is representedby applying periodic boundaryconditions
along the two cross-shoréboundaries. To reducethe computatimal time the longstore
lengthonly needso belong enough(= consistof sufficiently mary grid pointsin thelong-
shoredirection)to ensurethatthe specialversionof the numericalschemeusedat the grid
pointsnearoneof the cross-shordoundariesioesnot overlapwith the equivalentscheme
usedontheopposie cross-shoréoundary In the presentasewe have setthewidth of the
computatbnaldomainto 10 grid points(ny = 10).

Thesstill waterdepthat the outerboundaryof the compuationaldomainis hq = 3.0 m.
Reyularwavesareincidentfrom the outerboundaryatananglec,, = 22.4°. Theincoming
wave heightis H = 0.61m andthewave periodis T' = 4.0s. Thewavesstartbreakingat
x = 43m wherethe depthis hy = 3.0m. The shortwave forcing is generatedy the wave
driver (REF/DIF1).
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Figure10: Wave heightvariationin thetestcaseversuscross-shorelistancefrom the outer
boundaryof the computatioal domain. The wave breakingstartsapproxinately at x =
43m. Creaedby plotH.m

Input for the computations.

Note: Theinputfiles areincludedwith the code.
Contol files

Thefollowing input datawasusedfor the computations

indat.dd: inputdatafile for REF/DIF 1

&FNANES

FNAVEL = "’ 'refdat.dat’’’,
FNAME2 = "'’ outdat.dat’ ',
FNAME3 = '’ ’'subdat.dat’’’,
FNAME4 = '’ 'wave.dat’ ',
FNAMES = "'’ owave.dat’ ',
FNAME6 = '’ ’'surface.dat’’’,
FNAME7 = '’ ' bottonu.dat’’ ',
FNAMES = '’ angle.dat’’’,
FNAMEQ = """ "',

FNAVELO = "''refdifl.log ',
FNAMELl1 = '’ height.dat’’’,

48



Quasi-3DNearshoreCirculationModel SHORECIRC

FNAMEL2 =’’’ sxx.dat’’’,
FNAMEL3 =’’’ sxy.dat’’’,
FNAMEL4
FNAVEL5
& NGRI D
MR = 61,
NR = 11,
U = 1,
NTYPE = 0,

| CUR = 1,
IBC = 1,

| SMOOTH = 0,
DXR = 1.,
DYR = 1.,
DT = 0. 005,
| SPACE = 0,
ND = 1,

|FF = 1
ISP = 0,
| I NPUT = 1,

| OQUTPUT = 1/
SWAVESIA

| WAVE = 1,
NFREQS = 1,
KAPP = 0. 78,
GAW = 0. 4/
&WAVES1B
FREQS = 4.,
TIDE = 0.,
NVAVS = 1,
AWP = 0. 305,
DIR = 22.4/

' syy. dat ,
"’ depth.dat’’ "/

0 O,

inputwinc.dat: Inputdatafile for circulationpart of the model

&BOUNDARY
| BC1 = 2,
| BC2 = 4,
| BC3 = 5,
| BC4 = 5/

&CRI DS
DX = 1.,
Dy = 1.,
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NX = 61,
NY = 11,
NXWALL = 61,
HTTIDE = 0./
&SHORT_WAVE
PERIOD = 4.,
W = 0,
AVERGE = 5.,
FI LES = 0/
&PHYSI CS
FCW= 0.012,

VTSHEAR = 0. 08,
MDI SS = 0. 05,
CS= 0.2
W ND_VEL
WND DIR =
DI SP3D = 1/

&CONTROL
CR = 0.5,
NTI ME = 5001,
KOLD_START = 1,
DEPTHM N = 0. 002,
DELAY = 40./

&SENSOR
JUWP = 10,
XSENSOR=00000000
YSENSOR=00000000
YPROFILE=50000000

&OUTPUT
| NTERVAL =100,

TAVGOUT = 0,
MOVOUT = 0,
DI SPOUT = 1/

0.,
0.,

0O000O0O0OOOOGODO,
0O00000O0O0OOOOOO

0
0
/

Datafiles

The bottan topographyis a planebeachwith a slopeof 1:20which is generatedy
usingthe programcreatebathdescribedn Sectionss.3and5.7. The shorelineis at x = 60
m.

Results.

Theresultsfrom thecomputationgareshowvn in thefollowing figures.They areobtained
after5000 timestepsandrepresenthe nearlysteadyflow conditians.

50



Quasi-3DNearshoreCirculationModel SHORECIRC

=
N

[EnY
T

long-shore current (m/s)
o o
R

0.4r

0.2r

0 10 20 30 40 50 60
cross—shore distance (m)

Figure11: ThelongshorevelocitiesV for thetestcaseversuscross-shorelistance Created
by currentVm

Thewave heightvariationin the cross-shorelirectionis shovn in fig 10. Similarly, Fig
11 shaws the cross-shorelistribution of thelongshorecurrentsV. Theverticalvariationof
the velocitiesare a combinatian of the the depthvarying undertav andthe depthvarying
longstore currents.Fig 12 shavs the variationof the cross-andlongshorevelocites over
depth(left two panels)andthe 3-D profilesof the total currentsvelocitiesat four different
cross-shorgositins (right panel). The top 2 rows are outsidethe surfzoneandthe bottom
2 rows areinsidethe surfzone.The sameprofilesareshavn with thetopogaphyin Fig 13.

5.9.2 Example: Cold start of longshore current on a long plane beach

The purposeof this exampleis to demongtate the capabilitiesof the modelto handle
thecomplitiesof a seeminglysimple case.Thesituaton consideredn this exampk is the
cold startof alongshae currenton along straightcoast.Thisis the samesituaton thatwas
analysedy VanDongereretal (1994). However, becaus¢he modelhasdevelopedconsid-
erablysincethentheactualresultsdiffer somavhat from the resultsof thatpublicaton.

This exampleis essentiall the sameflow situaton thatwasshavnin Exampe 1 above.
However, in the preseniexamplewe examinethe flow in time asit develops from the cold
start. Theideais to illustratehow complicatedthe detailsof the flow patternare until it
eventually reachegherelatively simplesteadysituationshownn in thetestcase.Despitethe
complicatedbehaior, the flow remainslongshoreuniform throughait the developnentto
the steadystate.

This exampk demonstrateall partsof the modelexceptthe variationsin the longstore
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Figurel12: Theverticalprofilesof cross-andlongshaee currentvelocities,U andV respec-
tively for the testcaseversusdepthat four different cross-shorgositions given by their

z-values(two left panels) Also theequivalent3-D profiles(right panel).Createdoy profst-
dvd.m
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Figure13: The 3-D velocity profilesfor the testcaseshowvn in Fig 12. Createdby profst-
dvd bath.m

directionandthewave currentinteraction.
Description of the flow

The(steadyshortwaveforcingfor thisexampleis generatetby thewave driver (REF/DIFL)
for thewave motionon along straightcoast.Theflow is generatedsfollows:

At ¢ = 0 theshortwave forcing is appliedto the computatimal domainwhich initially
is atrest. A tanh? rampingwith a suitabletime constan{delay= 105s) is usedto phasen
the forcing from zeroto its full value. The computatbns shav that the cross-shoresetup
develops very quickly whereasthe longstore currenttakes much longertime to develop
to full value. During this periodthe vertical currentvelocity profiles changefrom almost
entirely shore-normalrelocities with a significantshorevard netflux in the early stageof
the compuations,to a longstore dominatedflow asthe longshore currentgetsdeveloped.
At thatlater stagethe cross-shordow shawslittle or no cross-shoraetflux.

Input for the computations.

Control files
Thefollowing input datawasusedfor the computations
indat.dat:inputfile with datafor REF/DIF 1

$f nanes

&FNANMES

FNAMEL = "' ’'refdat.dat’’ ',
FNAME2 = '’’’ outdat.dat’’’,
FNAME3 = '’ ’'subdat.dat’’’,
FNAVE4 = '’ "wave.dat’ ',
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owave. dat ,
surface.dat’’’,
bottonu.dat’’ ',
angl e.dat’ ',
FNANMELO "refdifl.log ',
FNAVEL1 "’ height.dat’’ ",
FNAMEL2 "TTsxx.dat’ ',
FNAMEL3
FNAVE14
FNANMELS
& NGRI D
MR = 61,
NR = 11,
U = 1,
NTYPE = 0,
| CUR = 1,
IBC = 1,
| SMOOTH = 0,
DXR = 1.,
DYR = 1.,
DT = 0. 005,
| SPACE = O,
ND = 1,
| FF 1
| SP = 0,
[ I NPUT = 1,
| QUTPUT = 1/
&WAVES1A
| WVAVE = 1,
NFREQS = 1,
KAPP = 0.78,
GAMM = 0. 4/
&WAVES1B
FREQS = 4.,
TIDE = 0.,
NVWAVS = 1,
AVP = 0. 305,
DR = 22.4/

FNAMES v
FNAMEG v
FNAME7?
FNAMES
FNAME9

sxy. dat ,

syy. dat ,
"’ 'depth.dat’’ "/

0 0,

inputwinc.dat: Input datafile for circulationpart of the model

&BOUNDARY
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| BCL
| BC2
| BC3
| BCA
&GRI DS
DX
DY
NX = 61,
NY = 11,
NXWALL = 61,
HTTIDE = 0./
&SHORT \\AVE
PERIOD = 4.,
WC = 0,
AVERGE = 5.,
FILES = 0/
&PHYSI CS
FCW= 0.012,
VTSHEAR = 0. 08,
MDI SS = 0. 05,
CS= 0.2
W ND_VEL
W ND_DI R
DI SP3D = 1/
&CONTROL
CR = 0.5,
NTI ME = 5001,
KOLD_START = 1,
DEPTHM N = 0. 002,
DELAY = 10./
&SENSOR
JUWP = 10,
XSENSOR=000000000000000000
YSENSOR=000000000000000000
YPROFILE=50000 0 0 0/
&OUTPUT
| NTERVAL =47,
TAVGOUT = 0,
MOMOUT = 0,
DI SPOUT = 1/

aobnN

~_— -

1.,
1.,

0.,
0.,

00
0 0,

Results.
Thefollowing resultsareshavn from the computatios:
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Figure 14: The variationof ¢ versusdepthfor the exampleat differenttimesbasedon the
parametefl; definedby (5.2).

Thetime stepis calculatedby the programbasedon the chosenvalueof the Courantno
andthe max depthin the computatbnal domain. It is printedto the screen.The valueis
At = 0.065 s

Thewave heightvariation in the cross-shorelirectionis shovn in fig 10.

As the motion startsfrom restthe first major changeis the generatiorof the setupin
thesurfzone.Thisis illustratedin fig 10 which shawvs thetime variationof the meanwater
surfaceversusthe depthrelative to the brealer depthh, at differentvaluesof thetime after
thestartat¢ = 0. Thetimescal€l, usedis definedas

Ty = Ly/\/ghs (5.2)

whereL; isthesurfzonewidth. ThusT} is halfthetimeit takesalongwaveto propagate
from thebreakingpointto the shoreline For theexperimentshovn 7, = 6.12s. We seethat
the setuphasbeencompletelyestablishe@lreadyafterapproximatelyp — 773 (32-45s).

Hence,with avalueof the delay-parametenf 10s thefirst 1 — 2 x T, of the startupof
thecross-shorsetupis flavoredby therampingup of theforcing. However, for ¢t > 2 — 3T,
(15-205) the forcing hasdeveloped completelyand henceat that time the growth of the
setupshavs thefastresponsef the cross-shoreariation to the steadyforcing.

Fig 15 shavs theequivalentcross-shoreariation of the cross-shorelepthaveragedve-
locities (U) at differenttimes. In accordancewith the descriptim above we seethat the
cross-shoreelocitesreachtheir maximumafterjustabout27, andquickly die down asthe
steadycross-shordalancedevelops.
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Figure 15: The cross-shorevelocites U /+/gh, versusdepthfor the exampleat different
timesbasedn the parametefl}, definedby (5.2).

In contrastto the cross-shordlow, the longstore flow develops quite slowly. Fig 16
shaws the longshorecurrentvelocites. Herethe timescalefor the growth of the flow is
clearlymuchlonger Evenafter167; (~ 100s) thevelocity hasonly reachedabout85% of
thefull value.

| may be worth mentionirg that, becauseve usea periodicboundaryconditionin the
longsloredirectionthereareno longshore oscillationsfrom the startup. If, however, a flux
conditin is specifiedat eachof the cross-shoréoundarieshis would needto berampedup
atthesamerateasthestart-upratefor thelongshoreauniformlongshorecurrentin themiddle
of the computatioal domainin orderto preventlongshoreoscillations to develop. Such
oscillatonswouldtypically have atime scaleof T, = L, /+/ghs, whichcouldbemuchlonger
thanT,. Furthermoresincecross-shordoundarieswith a flux conditionwill fully reflect
all (oscillatay) deviationsfrom the specifiedflux, suchoscillatonswill generallyremain
presentfor a long time and essentiallyonly propagateout of the computatimal domain
throughthe absorbingoffshore boundary(as they turn into 2DH oscillations due to the
cross-shorelepthvariatior).

As mentonedthevelocitiesshavn in the previousfiguresaredepthaveragedvelocities.
However, the actualvelocitiesvary over depth. Fig 17 shows the vertical profilesat three
differentpositions(ath/h, = 1.5, 1.0 and0.23) atthreedifferenttimes(t = 273, 673, and
20T, respectiely).

At h/h, = 1.5, which is well outsice the surf zonethe longshore velocites are quite
smallandthe cross-shoreelociiesdominae.

Around the breakingpoint the two velocity componerg are of the sameorder but not
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Figure16: ThelongstorevelociiesV /v/gh, for theexampleversusdepthat differenttimes
basednthe parametefl}, definedby (5.2).

evenly distributed over depthwhich causethe velocity profile to look like a spiral. Dueto
thedifferencein timescaleshe shapeof the profile alsochangeswith time.

Finally nearthe shorethelongshorecurrentgrows to becomethe moredominantcom-
ponentafter sufficiently long time, thoughthe undertav at the bottomis still strongenough
to significantlyturnthevelocity vectorin anoffshoredirection.
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Figure17: Developmentof vertical velocity profiles. Outsidethe surfzone(a,c,e)hq /by =
1.5 andinside the surf zone(b,d,f) hy/hy = 0.23 attimet = 67, (a,b),t = 207;(c,d) and
t = 48T, (e,f)
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m/s
m/s
m/s
m?/s
m?/s
m/s

3
o

ZS 3333339333
33 3

) mis

N/m?
N/m?
m?/s
m?/s
m?/s
m3/s?
N/m

N/m

1/m
1/m

total velocty in thea (= z or y) direction

wave particlevelocity in the« direction
tensorindex (= 1 or 2 for x or y direction)
Va(z,y, 2,t) total currentvelocity

total wave averagedvolumeflux throughvertical
wave averagedvolumeflux dueto shortwave motion
depthuniform partof V/,

depthvaryingpartof V,,

meanwaterlevel
horizontalcoordinatgusually“cross-shore”)
horizontalcoordinatgusually“longshae”)

time

verticalcoordinate

local distancefrom z = 0 to bottom

local depth= Ay + ¢

verticaldistancerom z = 0 to local watersurface
distancdrom z = 0 to local meanwatersurface
distancerom zeroto shortwave trough
pressure

Kronecler §

density

radiationstress

componentsf Vg,

distancerom the bottom
bottomshearstress
surfaceshearstresgwind stress)

3-D dispersve mixing coeficient

3-D dispersve mixing coeficient

3-D dispersve mixing coeficient

3-D dispersve mixing coeficient
momentuncomponenbf radiationstress
pressure&omponenbf radiationstress
directionaltensorfor radiationstress
2kh/ sinh 2kh

numericalvalueof wave numker vector
wave numbervector

7/ H*

roller area

wave height

acceleationof gravity

shortwave length
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c m/s  shortwave phasevelocity

ToB N/m?  horizontalturbulentstresson verticalinternalsurface
Cy empiricalconstanfor the eddyviscosity

K von Karmans constant

fuw bottomfriction factor

M empiricalconstanfor the eddyviscosity

v m?/s  eddyviscosty

C, empiricalcoeficient for the Smagorinsit eddyviscosty
Ug m/s  bottomparticlevelocity amplitudein shortwave motion
0 wt — [ kqd,, shortwave phase

1 anglebetweenwave particlemotion andcurrent

B, Ba bottomshearstresswveighting coeficientsdefinedby (3.57)and(3.57).
Vi m/s  numericalvalueof currentvelocity V,, atthe bottom
Ch empiricalcoeficient for wind

W,, W mls stresswind velocity vector numericalvalueof w,.
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