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ABSTRACT

To provideascientific and effective basisfor Weihai Bay oil spill smulation
research, the paper adopts plane two-dimension numerical model to study
thetidal current field. The unstructured triangular grid is used to split the
computational domain, and the standard Galerkin finite element method is
adopted to horizontally discrete space. As for time, the explicit upwind
difference format discrete momentum eguation and the transport equation
are adopted to analyze and forecast the Weihai Bay tidal field. The tidal
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field distribution and flow rate verification results at different measure
pointsindicate that the mathematical model and boundary setting is proper
and well reflectsthetidal feature of the research areaand its nearby waters
and is applicable to the Weihai Bay oil spill simulation research.
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INTRODUCTION

In order to objectively evaluatethe pollution con-
ditionsinports, docks, loading and unloadingterminds
aswell asthe unitsengaged in such activitiesasship
repair and manufacturing, sl vageand ship dismantling,
etc, andthusto improvetheir pollution prevention ca-
pability and to better protect the marine environment,
theAdministrative Regulationsof Controlling Marine
Environment Pollution from Shipspromul gated by China
statesthat ports, docks, loading and unl oading termi-
nasaswell asthe unitsengaged in such activitiesas
ship repair and manufacturing, sdvageand ship disman-
tling, etc, should set up safety operation and pollution
prevention management system, comply with there-
lated national rulesand standards about ship pollution
prevention and marine environment protection, be

equipped with therelevant pollution prevention facili-
tiesand equipments and get the approva of maritime
adminigtration authorities.

Accurateand scientifictida current field analysis
and forecast isthe basisfor assessment of ship pollu-
tionrisk and pollution prevention ability. Currently, rela
tively few sudiesfocusonthemovement law of Weitha
Bay’s tidal current field. Wang Lvqing (2011)’s re-
search pointsout that under the doubleinfluence of
IM 2 amphi dromic point outside of Chengshan Capein
Rongcheng of Shandong Province and K1
amphidromic point located inthemiddlepart of Bohai
SeaGulf, thetidal current field at Weihal Bay isvery
complicated. With the presence of strongwinds, the
tidal current fieldin Weihai Bay significantly changes.
Adopting the numerical model, Wang Lvging made
research on theinfluence of E wind and W wind on
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Weihai Bay current field and figured out thetidd cur-
rent flow rate and direction and itschangelaw under
theinfluenceof strongwind. Unfortunately, thereisno
research on themain flow direction of flood tideand
ebbtide.

Whether thetidal current field analysisand predic-
tion isscientific and accurate or not depends on the
adoption of proper mathematica model and boundary
setting. The present study adoptsthe planetwo-dimen-
sion numerical mode for the study of theengineering
water tiddl current field, the unstructured triangular grid
for computationa domaini*3, the standard Ga erkin fi-
nite e ement method for horizontal space discrete>,
and the explicit upwind difference schemeusing dis-
cretemomentum equation and thetransport equiation’®.
Thustheanalysisand prediction obtained can better
reflect thetidal feature of the tudy areaand itsnearby
waters, whichisof significant referenceto the assess-
ment of ship pollution risk and pollution prevention ca:
pability of the study area.
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Figurel: Therelation between thelocal theor etical depth
datum and the Yellow Sea aver agesea level
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NATURAL CONDITION OFWEIHAI BAY

M eteor ological conditions

Thehighest, lowest and average temperature (°C)
of eachmonthinWeihai isshowninTABLE 1.

Thegenerd wind condition of Weiha is WNW~N
windsareprevalent in Winter, and thetotal frequency
of the4 directionsisup to 58%, and the frequency of
NNW is23%, whichisthemaximum. While SSE~SSW
windsareprevalent in Summer, and thetota frequency
of the4 directionsisup to 48%, and the frequency of
SSW is19%, whichisthe maximum. Andfor thewhole
year, WNW~NNW windsareusualy experienced, and
thetotd frequency of the 3 directionsisup to 32%; and
then the SSE~SSW winds, thetota frequency of which
i522%.
Marinehydrological conditions
Tide

The tide of Weihai Bay waters is irregularly
semidiurnal. For thetidd datum, seefigurel. Therela-
tion difference between thelocal theoretical datumand
that of theYellow Seaaverage sealevel is1.3 meters.

Thetidelevel eigenvalue (sarting from thetheoretica
depth datum) isshownin TABLE 2.

Current
Weihai Bay and its nearby waters are under the

TABLE 1: Thehighest, lowest and annual aver agetemper ature() of each month in Weihai

month 1 2 3 4 5 6 7 8 9 10 11 12 year
Annual -1.5 -0.4 41 103 166 208 239 246 209 153 83 15 12.1
average
highest 13.6 196 234 296 350 384 359 368 324 304 233 174 38.4
lowest -138 -132 -86 57 28 93 144 153 75 75 -79 -11.3 -138

TABLE 2: Thetidal characteristicsof Weihai Bay and its
near waters

Historical Historical M ean M ean M ean Mean
highest tide  lowest tide hioh tide lowtide sealevel tidal
level level 9 range
3.34m -0.88m 1.90m 0.55m 1.30m 1.35m

control of theM2 rotary tidal wave system Situated east
of chengshantou, Rongcheng, Shandong Province, in
additiontoother naturd environmenta limitations, These
lead to the reci procating motion of thetide essentially
parale tothecoadtline. Inthemeanwhile, astheareais
asodosetothe Chengshantou semidiurnd amphidromic

point, thetidal rangeissmall and theflow rateis not
big. Based on the measured data, the cal cul ated tidal
nature of thewatersbelongstotheirregular semidiurnd.

Thecurrentin Weihai Bay isslow, theunderlying
flow rateisabout 5cm/s, and themaximum rateis about
10cm/s. Whilein the Bay, the maximum surface flow
rateis50cnV/'s, which appearsoff the Jinxianding Morro.

The measured flow rate off ashipyard project wa
tersisabout 40cm/s, which isgreater than that inside
the Weihai Bay, and theflow isE-SE; The measured
ebb tideflow rateis 35cm/S, W~NW. For the other
parts, theflow rateisabout 10cm/s, SE.
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Wave

Based onthedatisticd andyssof higtorica data, the
most frequent wavedirectionisE near ashipyard project
inthewaters, and thefrequency is43%, whilefor the
second frequent wave, thewave height isabout 2.2 m,
and the annual mean wave height isabout 0.3m. The
wavesshow significant seasond variation, seefigure2.
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Figure2: Waveheight and frequency variation near ashipyard
project

In spring, thefrequent waveis E with afrequency of
3%, thestrongwaveisESE, andthemaximumheightis
1.8m; Insummer, thefrequent waveisE with afrequency
of 37%, andthestrongwaveisE withamaximum height
of 3.1m; In autumn, thefrequent waveisE with afre-
guency of 36%, and the strong waveisaso E witha
maximum height of 3.1m; Inwinter, thefrequent waveis
Ewithafrequency of 60%, andthestrongwaveisdso E
with amaximum height of 1.8m. Duetotheinfluenceof
topography, Ewaveisprevdent whilethestrongwaveis
easterlyindl seasons. All theyear round, thewaveisthe
strongest inautumn, whiletheweskest in summer.

Topography
Weihai Zaobu Bay waters belong to the Ludong

BioTechnologqy — cmmm—

hilly areas, whichissituated in the central part of the
Jaobe Pdaechigh. Theoffshoreterrestria height above
sealevel is200-300m.

PREDICTION MODEL

In this paper, the plane two-dimension numerical
model isadopted to study thetidal field movement of
the project waters.

Themode control equation
(a) Themassconser vation equation:
o¢
at
ou ou _du a( 6u]
—+U—+V———| 5, — |-
ot oX oy ox oX

2 2 2
%(5 a_u]_fv+ guvu®+v: g 2

oy C,°H ox
(b) Themomentum equation:

0 0
+&( hU)+a—y( hV):O (1)
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—_— gy_ +f +W=— E
z

Whileinequation2and 3: ¢ indicatesthewater level;
h represents static depth; H representsthetotal depth,
H=h+¢ ; uandv representstheaverage vertica veloc-
ity inx-axisand y-aix respectively; g representsgravi-
tational acceleration; f isthe Coriolisforce parameter
(f =2wsing , @isthegeographiclatitudefor thecalcu-

|atedwaters); CZ istheChezy Coefficient, C, = % HEn

istheManning Coefficient; ,. &, and representshori-
zontal eddy viscosity coefficient inx andy axisrespec-
tively.

Theboundary conditions

Tosolvetheinitid boundary vaueproblemin equa
tion 1, 2, and 3, the appropriateinitial and boundary
conditions should be offered.

(@) Initial conditions:
Inthispaper, theinitid flow rateandinitid tidelevel

Hn Tudian Jounual
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istaken asO.
U(X,y,t,)=U,(x,y) @
V(X,y)=V,(Xx,y) ®

12 1z 1222 12r30 12835 12240
P

Figure3: Depthsin thesmulated computational domain
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Figure4: Thecomputational domain grid

Cxy ) lo=¢(Xy) =6, ()
(b) Open boundary conditions:

Therearethree boundariesin the cal culated area,
that is, the W, N, and E boundary, where the water
level £ can beobtained by usingthetideleve forecast-
ingmethods:

4

c=A +ZHiFi cosfo,t— (v, +U) + G (7)
i=1

While in equation 7, AO is the average sea level,

Fi,(vO+u)i representstheastronomica eement, and Hi

and gi represent the harmonic constants. Four partial

tidesare chosen asharmonic constants, including two

daily tides(O1, K1), and two semidiurnal tides (M2,

S2).

(¢) Closed boundary conditions:

Inthecalculate area, the boundary wheretheland
mass and water meetsis set asaclosed boundary con-
ditionand thewater particlenormal velocity isset asO.

COMPUTATIONAL DOMAINAND GRID
SETTINGS

Theungtructured triangular grid split computationa
domainisadopted, andthestandard Galerkinfinitee -
ement methodisused for horizontal spacediscrete. As
for time, theexplicit upwind differenceformat discrete
momentum equations and the transport equationsare
used.

Computational domain

The scope of the computational domain based on
mathematical modd isshowninfigure3. Therangeof
coordinatesis37.41°~37.62°N, 122.12°~ 122.43°E.
The unstructured triangular grid is adopted, and the
smulated grid digtribution of thecomputationa domain
isshowninfigure4. To get aclear understanding of tide
and current condition of the waters, theareanear the
shipyard project isunder alocal encryption. Thewhole
simulated areaconsistsof 13236 nodesand 20157 tri-
angular units, theminimum space step length isabout
50m.

Water depth and shoreboundary

Thewater depth and shore boundary istaken from
thechart fromWeiha port to Shidao port (chart scale
1:120000, No. 12110), whichisproduced by theAs-
surance Department of Navy of the Chinese People’s
LiberationArmy.

Water boundary input of largeseaarea

Open boundary: Thevalueof four mgor tida har-
monic constantsM 2, S2, K1 and O1 areinput to make
cdculaion.

(:Z::{chos[a,t—Gl 1} 6)

Here, ci representsthe angular velocity of No.i partial
tides(herefour partia tidesaretaken: M20S2001 and
K1); Hi and Gi are harmonic constants, which arethe
amplitude and epoch of partid tide.

Closed boundary: using the shorelineasaclosed
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Flgure5 T|delevel ver|f|cat|on pomts
Calculation of thetimestep and bed roughness

When cal cul ating the time step, the model makes
adjustment according to CFL conditionto ensureits
stable cal cul ation and the minimum time step is 0.3s.
Thebed roughnessis controlled by Manning Coeffi-
cient, and the Manning Coefficient n is taken as
0.3~0.45ml/3/s.

Thehorizontal eddy viscosity coefficient

The sub-sca egrid effect Smagorinsky (1963) for-
mulaiscons dered to be used to cal cul ate the horizon-
tal eddy viscosity coefficient, which isexpressed asfol-
lows

A=c]1°,/2S S, ©)

Wherein: csisthe congtant, | isthecharacteristic mixing
1 Bu auj ..

length, by S ax axv , (,]j=1,2)can be calcu-

lated.

TIDAL NUMERICAL MODELANDITS
VALIDATION

Thetidelevel, current vel ocity and flow direction
of the cal culated domain are compared with the real
measured datato verify the numerica model. For the
verification of tidelevd, twotidepointsareset up; while
for theverification of current, twotidepointsset upin
the year 2007 are adopted.

Tidelevel verification
Asshowninfigure5, thelocation of thetwo tide

BioTechnology

level verification points is: Point
NO0.1(122°08.000°E,37°30.333°N), Point
N0.2(122°10.500°E,37°25.917°N). The tide level
vaueof point No.1 isanayzed and forecast by apply-
ingtheconstantsof M2, S2, K1, O1 of thepoint, while
thetidelevel value of point No.2 istherea measured
vaue
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Figure6: Springtidelevel ver‘ification at point No.1
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Figure7: Springtidelevel verification at point No. 2
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Figure9: Springtidecurrent flow direction verification at
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Figure10: Springtidecurrent velocity verification at point
No.4
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Figure1l: Springtidecurrent flow direction verification at
point No.4
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Figurel12: Current flow dire&ion verification at point No.4
(whentideisrising)
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Figure13: Tidal current field (":alwlation(whm tideisfalling)

Infigure6, thetidelevel verificationresult of spring
tideat point No.1isgiven, from September 22, 2010
to September 23, 2010. Andinfigure 7, thetidelevel
verification result of springtideat point No.2isgiven,
from October 26, 2007 to October 27, 2007.

Seenfromfigure6 andfigure7, thetideinthisarea
isof irregular semidiurnal type. Thatis, onedaily tide
cons gtsof two completeflood tidesand two ebb tides
processes, and the phenomenon of inequality between
highwater level and low water leve isapparent. Both
thereal measured dataand the simulated cal cul ation
resultsillustratethis. At point No.1, theforecast spring
tidelevel isingood agreement with the cal culated one;
whileat point No.2, thereal measured tidelevel isin
genera agreement with the calcul ated one, though the
later isdightly lessthan theformer, whichindicatesthat
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thesmulated result can meet theaccuracy requirements
of the project.

Current verification

Thelocationsof two current verification pointsare:
Point N0.3(122°16.200’E,37°34.000°N), Point
N0.4(122°21.300’E,37°31.350°N). Figure 8-10 show
the current velocity and flow direction verification re-
sult at point No. 3and No.4 from 1400 hour, October
25, 2010 to 1400 hour, October 26, 2010 respec-
tively. From the compari son with theresult of theyear
2007, one can seethat theresult of current vel ocity and
flow directionvaueisin good agreement with thered
measured data.

Analysisof current calculation results

Figure 12 givesthewhole calculation area’s soft-
waresimulated field vector when thetiderises, while
figure 13 givesthe softwares mul ated field vector when
thetidefalls. Fromfigure 12 and figure 13, onecan see
thet:

(A)Theflow directionsfor both flood and ebb tide out-
sdeof Welhai

Bay aremainly WNW~ESE, WNW~NW for ris-
ingtideand ESE~SE for falingtide.

(B) Theflow directionsof risngandfalingtidesinsde
theWeha

Baysvary with theformation of coast line. When
thetiderises, the currentsflow through the southern
entrance into the Bay and run out of the Weihai Bay
through the Northern entrance in a clock-wise way.
Whilewhenthetidefdls, the current runsthroughthe
Northern entranceto the Bay and runsout of the Bay
through the Southern entrancein acounter-clockwise
way. Theflow velocity in the Southern and Northern
entrancesisgrest.

CONCLUSION

Thetida field distribution and theverification result
of flow rateat different measured pointsshow that, the
mathematical modelsand boundary settingsestablished
arereasonable and can better reflect thetidefeature of
theresearch areaand its nearby waters. They can meet
therequirements of Ship Environment Pollution Risk
Assessment Technica Regulations(tria) andisappli-

cabletoWeihai Bay oil spill smulation research.
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